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Cardiovascular disease is the leading cause of death in women. Decades of grassroots campaigns have helped to raise 
awareness about the impact of cardiovascular disease in women, and positive changes affecting women and their health 
have gained momentum. Despite these efforts, there has been stagnation in the overall reduction of cardiovascular 
disease burden for women in the past decade. Cardiovascular disease in women remains understudied, under-recognised, 
underdiagnosed, and undertreated. This Commission summarises existing evidence and identifies knowledge gaps in 
research, prevention, treatment, and access to care for women. Recommendations from an international team of experts 
and leaders in the field have been generated with a clear focus to reduce the global burden of cardiovascular disease in 
women by 2030. This Commission represents the first effort of its kind to connect stakeholders, to ignite global awareness 
of sex-related and gender-related disparities in cardiovascular disease, and to provide a springboard for future research.

Introduction
Cardiovascular disease is the leading cause of mortality 
for women and was responsible for 35% of total deaths 
in women in 2019.1 Decades of grassroots campaigns 
have helped to raise awareness about the magnitude of 
cardiovascular disease in women. Relatedly, profound 
changes and movements that positively affect women 
and their agency concerning their health have gained 
momentum during this period. However, despite the 
influence of social and cultural progress and awareness, 
there has been confounding stagnation in the overall 
reduction of cardiovascular disease burden for women. 
Distinct strategies are urgently needed to tackle 
inequities in the diagnosis, treatment, and prevention of 
heart disease in women; to advance innovative solutions 
for early detection and targeted management; to unravel 
the underlying biological mechanisms that contribute to 
sex-specific differences in outcomes; and finally, to 
decrease the global cardiovascular disease burden in 
women.

Although age-standardised cardiovascular disease 
mortality in women has declined globally in the past 
30 years, most of this decline was in countries with a high 
Socio-demographic Index (a measure of development 
defined as a composite average of the rankings of the 
incomes per capita, average educational attainment, and 
fertility rates, as defined by the Global Burden of Disease 
[GBD] study).2 By contrast, the GBD study reported that 
this mortality remained stagnant in most other regions of 
the world, with only a small change or no change. Indeed, 
in countries with a low Socio-demographic Index, the 
highest rates of cardiovascular disease mortality shift from 
men to women.2 In high-income regions, the decline in 
cardiovascular disease mortality has slowed, and in 2017 it 
increased in women from some countries (eg, the USA 
and Canada).3 Additional alarming trends, such as the rise 
in acute myocardial infarction in younger women, have 
been documented in the past decade.4,5 In summary, 
cardiovascular disease in women remains understudied, 

under-recognised, underdiagnosed, and undertreated 
globally.

Many factors contribute to inequity between men 
and women in the detection and management of 
cardiovascular disease. Women have been under-
represented in, or excluded from, cardiovascular clinical 
trials, which has reduced the ability to measure the 
safety and efficacy of therapies for women, the potential 
for identifying sex-specific differences in important 
outcomes, and the development of sex-specific strategies 
that could lead to improved guideline recommendations 
for the prevention and management of cardiovascular 
disease.6 Although overall awareness about cardiovascular 
disease in women has increased during the past decade, 
most health-care providers and patients still tend to 
underestimate the cardiovascular risk in women.7,8 
Awareness campaigns have paid little attention to the 
role of physicians in assessing risk,7 and risk-assessment 
models do not take into consideration risk factors that 
are specific to the female sex. The physicians who take 
direct care of women are underused in addressing 
cardiovascular risk and educating women about their 
individual risk. Although improvements have been 
made, current evidence suggests that women are still 
less likely than men to receive cardiovascular therapies 
recommended by guidelines, with the biggest shortfalls 
occurring in young women.9–11 Sex-related differences in 
clinical presentation and comorbidities can contribute to 
this gap in guideline-recommended care, and sex-
specific strategies are urgently needed to take these 
factors into account to provide optimal care for women.

Crucially, women are more likely than men to be 
subject to health disparities that arise from sociocultural 
factors and socioeconomic and political contexts. For 
instance, gender discrimination, socioeconomic burden, 
and constraints on physical mobility often limit women’s 
access to optimal health care in general, and to cardio
vascular disease care in particular.12,13 Importantly, the 
biological differences in, and underlying sex-specific 
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pathophysiology of, cardiovascular disease in women 
have not been well elucidated, and further research is 
urgently needed to inform strategies for the prevention 
and treatment of cardiovascular disease in women.

In 2015, the UN General Assembly identified 
cardiovascular disease as a specific target for achieving 
the goal of reducing premature mortality from non-
communicable diseases by a third by 2030.14 To achieve 

this important goal, bold and distinct strategies are 
needed, not only to modify contributors to cardiovas
cular disease, but also to identify sex-specific biological 
mechanisms of cardiovascular disease in women. 
Innovative solutions are needed for early detection and 
targeted management, alongside the development of 
evidence to support sex-specific therapies and interven
tions. Policy makers, clinicians, researchers, and the 
community need to work together to demand the 
availability of timely data from different global regions 
that is sex-specific and disease-specific, and to address 
deficiencies promptly as trends are seen. Reducing 
mortality from cardiovascular disease as the leading 
cause of death in women globally will require 
coordinated effort and productive partnerships among 
policy makers, clinicians, researchers, and the 
community.

Aim of the Lancet Commission
The aim of this Commission article is to summarise the 
existing evidence and to identify the knowledge gaps in 
cardiovascular disease research, prevention, treatment, 
and access to care for women. Our aim is to reduce the 
global burden of cardiovascular disease by 2030. We 
believe that this reduction can be accomplished by 
promoting cardiovascular health in women globally via 
recommendations from an international team with 
expertise in biology, clinical care in specific disease 
states, clinical trial design and implementation, and 
health-care policy. We propose concrete strategies for 
addressing gaps, with priority given to targets that have 
the greatest potential effect for improving outcomes in 
women. Our Commission represents the first effort of its 
kind and is an ongoing mission to connect leaders, 
innovators, and advocates for women with cardiovascular 
disease, to ignite global awareness of sex-specific 
disparities in cardiovascular disease, and to provide a 
springboard for future research.

The second section of this Commission article 
reviews the global disease burden of, and risk factors for, 
cardiovascular disease in women, by drawing on data 
generated by the GBD Study.1 These data describe the 
global distribution of cardiovascular disease morbidity 
and mortality, the specific risks in women, and illuminate 
important regional patterns and temporal trends. These 
observations provide some foundational considerations 
for generating actionable recommendations for reducing 
cardiovascular disease risk and for disease management 
strategies in women. The third section of this article 
discusses established behavioural and metabolic 
cardiovascular disease risk factors. Data also point to a 
range of psychological, social, economic, cultural, and 
sex-specific risk factors that need to be addressed in 
conjunction with well established modifiable risk factors 
in women. The fourth section reviews the major 
cardiovascular diseases, with an emphasis on clinical 
presentation, risk factors, and knowledge gaps pertaining 

Key messages

Accurate data on global prevalence and outcomes of cardiovascular disease in 
women are absent
Recommendation: direct funding for real-time and accurate data collection on prevalence 
and outcomes of cardiovascular disease in women globally

Women with cardiovascular disease remain understudied, under-recognised, 
underdiagnosed, and undertreated
Recommendation: develop educational programmes on cardiovascular disease in women 
for physicians, scientists, allied health-care providers, and communities

Sex-specific mechanisms in the pathophysiology and natural history of 
cardiovascular disease remain poorly understood
Recommendation: prioritise sex-specific research focused on identifying the 
pathophysiology and natural history of cardiovascular disease

Women are under-represented in the majority of cardiovascular clinical trials
Recommendation: develop strategies to improve enrolment and retention of women in 
cardiovascular clinical trials

Socioeconomic deprivation contributes substantially to the global burden of 
cardiovascular disease in women
Recommendation: prioritise funding in global health organisations for cardiovascular 
disease health programmes in women from socioeconomically deprived regions

Myocardial infarction and cardiovascular disease mortality are increasing in young 
women
Recommendation: educate health-care providers and patients regarding early detection 
and prevention of cardiovascular disease in young women

Hypertension, dyslipidaemia, and diabetes are the most crucial risk factors 
contributing to cardiovascular disease death in women
Recommendation: establish policy-based initiatives and medical and community-
outreach cardiovascular disease risk factor programmes in settings frequented by women

Sex-specific and other under-recognised cardiovascular disease risk factors, such as 
psychosocial and socioeconomic factors, appear to contribute to the global burden of 
cardiovascular disease in women
Recommendation: research is needed to identify the effect of sex-specific, psychosocial, 
and socioeconomic risk factors on cardiovascular disease in women, and evaluate 
intervention strategies

Age-adjusted prevalence of cardiovascular disease in women is increasing in some of 
the most populous countries of the world
Recommendation: scale up healthy heart programmes in highly populated and 
progressively industrialised regions

There is no current established global policy to coordinate prevention and treatment 
of cardiovascular disease in women
Recommendation: embrace public–private partnerships to develop broad-scale 
programmes to save lives in women with cardiovascular disease
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to women. The fifth section provides details about 
cardiovascular disease burden in women by region and 
describes the unique regional contexts in which 
cardiovascular disease needs to be addressed. The sixth 
section acknowledges and discusses important con
siderations and limitations of this Commission article. In 
the final section, we conclude with a synthesis of the 
evidence, to provide a platform for future work. The 
Commission, with the 2030 target date in view, will 
continue to observe trends, evaluate the effect of current 
recommendations, and suggest actionable key initiatives 
to combat cardiovascular disease in women during the 
next decade.

Global burden of cardiovascular disease in 
women: insights from the GBD Study
The value and limitations of big data
To provide an overview of the global burden of 
cardiovascular disease in women, including disease 
prevalence, mortality, and risk factors, the Commissioners 
used data from the GBD Study.1 Although aggregated 
estimates like the GBD Study provide valuable global and 
regional information about the relative effect of diseases 
and risk factors for poor health and mortality, and can 
be used to track changes over time, there are some 
limitations associated with such measures.15 GBD 
estimates are based on diverse and sometimes disparate 
data sources. For instance, in countries and regions in 
which consistent and complete censuses and crucial 
registration systems are missing, data sources such as 
verbal autopsy data are used.16 Sex-specific risk factors for 
cardiovascular disease (eg, a history of early menopause, 
preterm delivery, or gestational hypertensive disorders 
can increase cardiovascular risk later in life and needs 
recognition to adjust preventive measures) are not 
necessarily captured by the GBD database. In the future, 
the GBD Study aims to increase the volume of 
high-quality data and the degree of estimated detail.17 
Methodological and analytical strategies to produce the 
best possible estimates to inform policy makers about 
how to determine priorities for health interventions are 
still evolving.18 A priority for governments is to obtain 
and share high-quality data to contribute to a compre
hensive global picture of cardiovascular disease burden 
and risk factors. Although from 2021 the frequency of 
GBD data release will increase to twice a year (compared 
with annual release since 2015, except for in 2018), other 
mechanisms are needed that can rapidly disseminate 
data to help crucial trends to be understood and acted on 
in a timely way. The Commission website allows easy 
access to, and navigation of, the GBD data on cardio
vascular disease in women, and will be updated as new 
data are available.

To prevent, recognise, and treat cardiovascular disease 
in women, it is essential to collect increasingly precise 
and comprehensive data at both local and regional levels. 
Access to global data should be in real time and available 

to all. Efforts should be made to improve funding for 
increasingly streamlined data collection from different 
parts of the world.

Cardiovascular disease prevalence in women
In 2019, there were an estimated 275·2 million 
(95% uncertainty interval [UI] 261·4 million to 
289·8 million) cases of cardiovascular disease in women 
worldwide. A 95% UI depicts the range of values that in 
95% of instances includes the correct estimate of health 
loss for a given cause; sparse amounts of data will create 
substantial uncertainty and result in a 95% UI with a 
wide range. The global age-standardised prevalence of 
cardiovascular disease in women was estimated 
at 6403 (95% UI 6079–6740) cases per 100 000). North 
Africa and the Middle East, high-income North America, 
eastern Europe, and central Asia had the highest 
age-standardised prevalence of cardiovascular disease 
(figure 1A). All parts of Latin America, western Europe, 
and Australasia belonged to the regions with the lowest 
age-standardised cardiovascular disease prevalence.

Since 1990, most regions have had a decline in the 
age-standardised prevalence, representing an overall 
decrease of 4·3% (95% UI –6·0% to –4·6%). The greatest 
decreases were in high-income Asia-Pacific (–19·2%; 
95% UI –20·7% to –17·9%), western Europe (–18·2%, 
95% UI –19·3% to –17·1%), and high-income North 
America (–14·6%, 95% UI –16·6% to –12·2%). However, 
in the same timeframe, several regions had an increase 
in cardiovascular disease prevalence: east Asia (7·2%, 
95% UI 5·9% to 8·5%), western sub-Saharan Africa 
(4·5%, 95% UI 3·3% to 6·1%), and Oceania (3·6%, 
95% UI 1·9% to 5·3%). The countries that showed an 
increase in cardiovascular disease prevalence include 
some of the world’s most populous countries, such as 
China (7·5%, 95% UI 6·2% to 8·8%), Indonesia (4·8%, 
95% UI 3·6 to 6·0%), and India (2·4%, 95% UI 
1·6% to 3·2%). Although there was a decrease in the 
global age-standardised prevalence of cardiovascular 
disease in women between 1990 and 2010 (–5·8%, 95% UI 
–6·5% to –5·1%), there has been a slight although 
not statistically significant increase (1·0%, 95% UI 
0·5% to 1·4%) since 2010 (figure 1B). In conclusion, the 
stagnation in the reduction of cardiovascular disease 
prevalence is an important observation and a call to action. 
Initiatives to expand prevention, diagnosis, and treatment 
of cardiovascular disease in women should be scaled up to 
target highly populated and industrialising regions.

Cardiovascular disease mortality in women
There were an estimated 6·10 million (95% UI 5·62 mil
lion to 6·41 million) deaths from cardiovascular disease 
in women in 1990, rising to 8·94 million (95% UI 
7·92 to 9·71 million) in 2019. The global age-standardised 
cardiovascular disease mortality in women in 2019 was 
estimated at 204 deaths per 100 000, representing a 35·1% 
(95% UI 30·1% to 40·3%) decrease since 1990. Regions 

For more on the data 
visualisation of the global 
burden of cardiovascular 
disease in women and the work 
of the Commission see http://
www.womencvdcommission.
org/
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with the greatest age-standardised cardiovascular disease 
mortality in 2019 were eastern Europe, north Africa and 
the Middle East, Oceania, central sub-Saharan Africa, and 
central Asia (which all had between 316–486 deaths 
per 100 000), whereas the lowest age-standardised 
cardiovascular disease mortality was found in high-
income Asia-Pacific, Australasia, western Europe, 
Andean Latin America, and high-income North America 
(<130 deaths per 100 000; figure 1C). The estimated age-
standardised cardiovascular disease mortality decreased 
from 1990 in all regions of the world, except for 
sub-Saharan Africa and Oceania in which there was no 
significant change, and central Asia, in which an increase 
(9.1%, 95% UI 1·7% to 17·0%) was noted. By country, 
the greatest decreases were in North Korea (–76·1%, 
95% UI –79·4% to –73·2%), Singapore (–68·1%, 95% UI 
–71·3% to –65·7%), and Israel (–66·1%, 95% UI 
–68·8% to –64·1%). The decrease in global cardiovascular 
mortality slowed down markedly over the last decade 
compared with previous years (–11·2%, 95% UI 
–16·8% to –5·4% since 2010 versus –26·9%, 95% UI 
–30·0 to –23·7% between 1990 and 2010; figure 1D). In 
conclusion, the concerning slowdown in the decline in 
global cardiovascular disease mortality should prompt 
imminent action to understand and tackle the reasons.

Cardiovascular disease subtypes and metabolic risk 
factors in women
Ischaemic heart disease was the primary cause of 
cardiovascular disease mortality in women worldwide 
in 2019, followed by stroke (figure 2). This applies to 
each GBD region except for southeast Asia, east Asia, 
high-income Asia-Pacific, and eastern and southern 
sub-Saharan Africa, in which the leading cause of 
cardiovascular disease mortality was stroke (ie, ischaemic 
stroke, intracerebral haemorrhage, and subarachnoid 
haemorrhage combined). The regions with the highest 
age-standardised prevalence of ischaemic heart disease 
were central Asia, eastern Europe, the Middle East, and 
north Africa (with between 3196 and 4130 cases 
per 100 000), whereas regions with the lowest prevalence 
were southern Latin America, high-income Asia-Pacific, 
and Andean Latin America (all had <850 cases 
per 100 000). Globally, the relative ranking of the top ten 
subtype causes of mortality has not changed appreciably 
over the past 2 decades. Although age-standardised death 
from rheumatic heart disease has decreased noticeably, 
this condition remains highly prevalent in several regions 
of the world (eg, southern, central, and eastern sub-
Saharan Africa have between 1160 and 1253 cases 
per 100 000), whereas the Caribbean, western sub-Saharan 
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Figure 1: Global cardiovascular disease burden in women
(A) Age-standardised cardiovascular disease prevalence per 100 000 women in 2019.19 (B) Estimated annual percentage changes of age-standardised cardiovascular disease prevalence in women 
between 2010 and 2019.20 (C) Age-standardised cardiovascular disease mortality per 100 000 women in 2019.21 (D) Estimated annual percentage changes of age-standardised cardiovascular disease 
mortality in women between 2010 and 2019.22  
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Africa, and Andean and tropical Latin America have 
between 867 and 1045 cases per 100 000).

Among metabolic risk factors, high blood pressure is 
by far the most important contributor to age-standardised 
cardiovascular mortality in women globally, followed by 
high LDL cholesterol, high fasting plasma glucose, and 
high body-mass index (figure 3).

High blood pressure is the number one risk factor 
contributing to years of life lost from cardiovascular 
disease in each region, followed by high body-mass index 
in most regions, and high LDL cholesterol in east and 
south Asia, eastern Europe, western Europe, Australasia, 
and high-income Asia-Pacific.

In a previous publication, Roth and colleagues25 used 
mortality, risk factor, and relative risk data from the 
GBD 2013 study to project cardiovascular disease mortality 
for 188 countries up to the year 2025. Modelling the effect 
of achieving the UN risk factor targets at the community 
scale showed different cardiovascular benefits between 
men and women.25 In modelling interventions for hyper
tension, tobacco smoking, diabetes, and obesity to achieve 
reductions in cardiovascular disease in women globally, 
the greatest predicted decrease was from targeting 
hypertension, followed by targeting obesity. However, 
targeting tobacco smoking was predicted to reduce 
premature cardiovascular disease mortality in women in 
specific regions, such as high-income Asia-Pacific and 
western Europe.25

Cardiovascular risk factors in women
Early detection and management of cardiovascular risk 
factors remain paramount for improving women’s 
cardiovascular health and reducing premature mortality. 
There is strong evidence that important established 
risk factors (eg, hypertension, dyslipidaemia, diabetes, 
obesity, unhealthy diet, sedentary lifestyle, and smoking) 
contribute to ischaemic heart disease. However, many 
other important under-recognised risks—including 
psychological, social, economic, and cultural factors that 
are often influenced by gender—appear to contribute to 
cardiovascular disease in women. Depression, intimate 
partner violence, socioeconomic status, and sociocultural 
roles disproportionately affect women compared with 
men and are emerging as important considerations in 
the development and manifestation of cardiovascular 
disease in women. Conditions specific to women can 
increase cardiovascular disease risk, such as obstetric 
and gynaecological history, including gestational 
hypertension, gestational diabetes, preterm delivery, 
premature menopause, and polycystic ovary syndrome 
(figure 4).

Well established risk factors
Hypertension
Hypertension is the leading global risk factor for 
cardiovascular disease morbidity and mortality and is 
therefore the most substantial and neglected health 

burden in women. Women appear to have a higher risk 
of acute myocardial infarction associated with prevalence 
of hypertension than men have, as suggested by the 
results of the INTERHEART study.26 In keeping with 
these findings, a study that included 1·25 million patients 
and 11 029 myocardial infarction events found a slightly 
higher relative risk (RR) in women than in men of 
myocardial infarction with increasing systolic but not 
diastolic blood pressure.27 A study published in 2020 
suggests sex-related differences in the presentation and 
course of hypertension, with a more rapid increase of 
progressive blood pressure elevation in women com
pared with men, beginning as young as 30–40 years.28 
Hypertension is also an important risk factor for stroke 
in women.29 Studies also found that as a consequence of 
hypertension, women more often than men develop left 
ventricular hypertrophy (which appears to be less 
responsive to antihypertensive therapy in women than in 
men), diastolic dysfunction, heart failure with preserved 
ejection fraction, increased arterial stiffness, and chronic 
kidney disease.30,31 Women also report more drug-related 
side-effects from antihypertensive therapy than men 
do.30 The sex-specific mechanisms contributing to the 
multifactorial pathogenesis and varying consequences of 
hypertension in women are not well understood. Also, it 
is still unclear whether different blood pressure targets 
should be used in women than men because women 

Figure 2: Age-standardised deaths per 100 000 women that were attributable to specific causes of 
cardiovascular disease across Global Burden of Disease regions in 201923 
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have smaller arterial diameters and increased arterial 
stiffness compared with height-matched and weight-
matched men.32 Further research is warranted to address 
these knowledge gaps.

Management of high blood pressure is of utmost 
priority for reducing the burden of cardiovascular disease 
in women. This prevalent risk factor is a silent killer of 
women worldwide and therefore a global approach to 
education, screening, and treatment for hypertension is 
one of the most crucial priorities of this Commission.

Dyslipidaemia
Elevated cholesterol is a major contributor to population 
attributable risk for myocardial infarction in women.26 The 
Study of Women’s Health Across the Nation investigated 
women during the menopause transition and documented 
a sharp increase in total cholesterol and LDL cholesterol 
concentrations within a 1-year period around the final 
menstrual period, which was associated with a higher risk 
of carotid plaque at later follow-up.33,34 A previous study 
found similar cardiovascular risk associated with elevated 
cholesterol concentrations in women compared with 
men.35 However, the INTERHEART study found that the 
ratios of APOB to APOA1, and of total cholesterol to HDL 
cholesterol, were more powerfully associated with acute 
myocardial infarction in women than in men, indicating 
that further research is needed to better understand 

whether dyslipidaemia confers a greater excess risk in 
women than in men.36 Lipid-modifying treatment using 
statins reduces both cardiovascular events and mortality 
in women with established coronary artery disease; 
however, there are few data on primary prevention in 
women. Nevertheless, a large meta-analysis of individual 
patient data from 22 trials suggested that statins for the 
prevention of major vascular events had similar 
effectiveness in women and men.37

Importantly, physician adherence to the guidelines has 
been shown to be poor regarding therapy for lipid control 
in primary and secondary prevention of cardiovascular 
disease in women.10 An analysis published in 2018 
derived from commercial health insurance data, sug
gested that statin use after myocardial infarction is 
significantly lower in women than in men.38 The 
underlying reasons are uncertain for disparities in the 
use of treatments recommended by guidelines. Although 
an analysis from the Women’s Health Initiative study39 
found that statin use in women who were postmenopausal 
was associated with an increased risk of diabetes, there is 
no compelling evidence to suggest that statins are less 
safe in women than in men.

In the past 5 years, aggressive reduction of LDL 
cholesterol with PCSK9 inhibitors has shown a reduction 
in important ischaemic events in men and women with 
established coronary artery disease.40,41 Sex differences in 
concentrations of circulating PCSK9 have been suggested 
by previous studies,42 but clinical implications have yet to 
be investigated.

Research is needed to investigate the reasons for 
underuse of statins in women, and to identify statins that 
are especially effective and safe for women. Evaluation 
and treatment of dyslipidaemia, with a focus on reducing 
LDL cholesterol, is an important goal to reduce 
cardiovascular morbidity and mortality in women.

Diabetes
The prevalence of diabetes is rising globally, linked to the 
almost ubiquitous increase in body-mass index caused 
by unhealthy diets, sedentary lifestyles, and expanding 
urbanisation, especially in populous regions. Based 
on data published in 2014 from 858 507 people in 
64 prospective population-based cohort studies, the risk 
for incident coronary heart disease was 44% greater 
in women with diabetes than in men with the same 
condition.43 Similarly, an analysis from the UK Biobank44 
found a 29% higher risk of myocardial infarction 
associated with diabetes in women than in men. Of note, 
independent of diabetes status, each 1% increase in 
glycated haemoglobin A1c was associated with an 
18% greater risk of myocardial infarction in both women 
and men.44 Another study found that in patients without 
known cardiovascular disease, the highest excess risk of 
cardiovascular events associated with type 2 diabetes 
was in young women (age ≤40 years) with early-onset 
diabetes.45 Also, there is evidence that after ST-segment 
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elevation myocardial infarction (STEMI), women with 
diabetes have significantly higher mortality and major 
adverse cardiac or cerebrovascular events defined as 
death, reinfarction, or stroke, than for men with diabetes.46 
However, it remains uncertain whether the increased 
risk of adverse outcomes in women compared with men 
is associated with diabetes itself or is attributable to 
sex-related differences in baseline confounding factors. 
Although women generally have more favourable cardio
vascular risk profiles than men, this pattern can be 
reversed with the deterioration of glycaemic control.43

Studies suggest that a diabetes diagnosis tends to occur 
at a higher body-mass index, older age, and more 
advanced stage of disease progression in women than in 
men,47 suggesting the need for increasingly vigorous 
screening and further research on additional biomarkers 
for earlier detection of diabetes in women. Also, it is 
crucial to address the early stages of diabetes to prevent 
disease progression and reduce cardiovascular risk. 
Special attention and follow-up are needed in women 
with high fasting glucose during pregnancy, owing to the 
increased risk of type 2 diabetes and cardiovascular 
disease risk later in life.48

For type 1 diabetes, age of onset determines survival 
and risk of cardiovascular disease, with women who 
were diagnosed with type 1 diabetes before age 10 years 
having the greatest risk compared with similarly aged 
man.49 Compared with matched controls, women with 
type 1 diabetes onset before age 10 years had an almost 
60 times increased risk of coronary heart disease 
(vs 17 times in men) and approximately 90 times 
increased risk of acute myocardial infarction (vs 15 times 
in men). The underlying reasons for such excess risks 
are uncertain; however, studies suggest that hyper
glycaemia influences the concentration and activity of 
oestrogen receptors and inhibits any potential protective 
effects on the vascular wall, increasing oxidative stress 
and promoting vasoconstriction and platelet activation.50

Metabolic syndrome is a set of inter-related risk factors 
(eg, central obesity [visceral fat], elevated blood pressure, 
and dyslipidaemia), a proinflammatory and prothrombotic 
state, and also includes insulin resistance that can 
evolve into manifest diabetes and lead to cardiovascular 
morbidity and mortality.51 The syndrome is evident in 
20–30% of middle-aged women, with a marked increase 
in prevalence after menopause.52

Obesity
Obesity is prevalent and increasing globally. Obesity and 
insufficient physical activity are closely associated with 
hypertension, and are more prevalent in women than 
in men. Analyses of US National Health and Nutrition 
Examination Survey data53 have identified obesity 
(body-mass index ≥30 kg/m²) as the most important 
modifiable risk factor for hypertension and pre
hypertension in women of reproductive age. Data suggest 
that a similar increase in male or female body-mass index 

is associated with a greater increase in systolic blood 
pressure in women than in men.54 In addition, data from 
the Framingham Heart Study55 showed that the excess risk 
of cardiovascular disease attributed to obesity was 64% in 
women versus 46% in men. Obesity is also associated with 
adverse outcomes in pregnancy, such as hypertensive 
disorders of pregnancy and gestational diabetes.56 Central 
obesity, which is a key feature of metabolic syndrome, is 
more common among women than men, and particularly 
affects women after menopause.57 A study from Taiwan58 
found that in asymptomatic women, body-mass index and 
waist circumference cutoffs to detect subclinical cardiac 
pathology were lower than the current established WHO 
criteria.59 Women, compared with men, showed steeper 
declines in global left ventricular circumferential strain 
and cardiac torsion obtained by echocardiography with 
increasing body-mass index and waist circumference, 
indicating sex-related differences in left ventricular 
remodelling as a response to obesity.

It is estimated that, together with diabetes, obesity 
contributes substantially to cardiovascular disease 

Figure 4: Risk factors for cardiovascular disease in women
The figure categorises risk factors for cardiovascular disease in women into three categories: those that are 
well-established and affect both sexes but which might affect women differently to men (eg, hypertension, 
dyslipidaemia, and diabetes); those that are sex-specific (eg, premature menopause and pregnancy-related 
disorders); and those that are under-recognised (eg, intimate partner violence or poverty) and which can be related 
to gender and interaction with a woman’s social and physical environment. Although research is beginning to 
recognise how these factors might interact or increase risk, acknowledging the effects of well established, 
sex-specific, and under-recognised risk factors is crucial to understanding cardiovascular disease in women. 
*Systemic inflammatory and autoimmune disorders are not sex-specific risk factors, but women are 
disproportionally affected by these conditions. 
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prevalence and mortality in women and should be a 
major target for health interventions.60

Diet
An analysis from the GBD Study61 identified unhealthy 
diet as a substantial contributor to cardiovascular disease 
risk. Modelling was used to estimate that a balanced diet 
could prevent one in every five premature deaths and 
have a major effect on the rising amount of obesity that 
affects more women than men. The PURE study62 
showed only a minimal difference in the proportion of 
people adhering to healthy eating between women and 
men without cardiovascular disease; however, once a 
cardiovascular disease diagnosis had been established, 
women were more likely to follow a healthy diet than 
were men.

Although the majority (88·7%) of women included in 
the INTERHEART Latin American study63 reported daily 
consumption of fruits and vegetables, there is a shift 
towards a higher intake of high-energy density food and 
sweetened beverages. Some Latin American countries 
(eg, Mexico, Brazil, and Chile) have implemented a tax 
policy for sweetened beverages to help to reduce obesity. 
Other future initiatives to prevent cardiovascular disease 
in women could promote plant-based dietary inter
ventions, which are associated with an improvement in 
obesity-related inflammatory profiles, a reduction in 
atherogenic lipoproteins, and weight loss.64,65 Continued 
and reinforced promotion of a healthy diet in women, 
starting at a young age, is crucial for reducing the 
global burden of cardiovascular disease. Socioeconomic 
inequities that affect quality of diet in women and 
children should be a major target for interventions and 
policies.

Sedentary lifestyle
It is well documented that sedentary behaviour is 
associated with increased cardiovascular disease risk and 
that girls and women are more sedentary than men are.66 
Conversely, an analysis involving 27 536 participants 
in the Women’s Health Initiative study showed that 
physical activity was associated with decreased incidence 
of cardiovascular disease regardless of the individual 
cardiovascular risk.67 Boys are more likely than girls to be 
encouraged to participate in physical activity from an 
early age, and this socialisation continues throughout 
later childhood and adolescence.68,69 As women age, 
their participation in the amount of physical activity 
recommended by guidelines declines progressively.70 
The PURE study62 showed that in participants without 
cardiovascular disease there was a lower rate of physical 
activity in women than in men; however, in participants 
with established cardiovascular disease, men had lower 
rates of physical activity than women had. Developing 
strategies to increase rates of physical activity in women, 
starting from early childhood onwards, is a crucial 
step in addressing the global obesity epidemic and 

cardiovascular disease burden. Sedentary lifestyle in 
women is especially prevalent in countries in which 
social norms, or religious norms, or both, restrict women 
from doing sports and physical activity. Therefore, 
initiatives for increasing physical activity in women need 
to be culturally sensitive and tailored to different regions 
and populations. The promotion of both physical activity 
and a healthy diet in women of all ages needs to remain a 
priority for health-care interventions to reduce the global 
burden of cardiovascular disease.

Smoking, tobacco, and electronic cigarette use
Globally, tobacco smoking and the use of electronic 
cigarettes (also known as e-cigarettes, vape pens, and 
vaping devices) are increasing in younger women 
(≤25 years). This epidemic could represent particular harm 
to women. A large meta-analysis found that the increased 
risk of cardiovascular disease associated with smoking was 
25% higher in women than in men.71 Conversely, the 
INTERHEART study72 found that the risk of myocardial 
infarction associated with smoking was similar for both 
women and men. Further research is warranted to evaluate 
a potential interaction between sex and smoking with 
regards to cardiovascular disease outcomes.

Data from the GBD 2015 study73 show that the worldwide 
age-standardised smoking prevalence in women in 2015 
was 5·4% (95% UI 5·1–5·7), although in 34 (17%) of 
195 countries analysed, the smoking prevalence in women 
exceeded 15·0%. Mostly, countries in western and central 
Europe greatly exceeded the global average in women’s 
smoking prevalence, with an especially high prevalence 
among women aged 15–19 years. In the past decade, 
53 (27%) of 195 countries and territories recorded 
significant decreases in age-standardised prevalence of 
male daily smoking, whereas only 32 (16%) recorded 
significant reductions for women. Although the lower 
overall global smoking prevalence in women compared 
with men should be acknowledged, it is notable that 
despite substantial tobacco-control initiatives, smoking 
prevalence in women has hardly changed and has even 
increased in many countries. Analyses from France found 
an increase in smoking prevalence among women aged 
45–54 years, which probably contributed to the increase of 
myocardial infarction in this population.74 Smoking 
cessation in young women should be a major target for 
health interventions worldwide.

The practice of smokeless tobacco, or of chewing betel 
quid or areca nut, is prevalent in many parts of Asia. Data 
from Taiwan showed an association between betel quid 
use and heart disease in women.75 Unlike tobacco 
smoking, for which the WHO Framework Convention 
on Tobacco Control provides evidence-based policies for 
reducing use, there are no global policies for controlling 
use of betel quid and areca nut.76

E-cigarettes emit a range of toxicants and have been 
shown to negatively affect the cardiovascular system 
(eg, endothelial cell dysfunction, oxidative stress, and 
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platelet activation).77 E-cigarettes are currently the most 
commonly used smoking product in the USA, including 
among younger women and teenagers. Many users 
perceive e-cigarettes to be a healthier choice than 
tobacco.77 The marketing of flavoured (eg, fruit and mint) 
e-cigarette products to children is of great concern and 
there have been efforts to ban these items in the USA. 
The US Food and Drug Administration (FDA) has 
finalised an enforcement policy on sales of unauthorised 
flavoured cartridge-based e-cigarettes that appeal to 
children and teenagers. A policy statement by the 
American Heart Association (AHA) supports effective 
regulation to address e-cigarette marketing, labelling, 
quality control of manufacturing, and standards for 
contaminants.78 The AHA also supports including 
e-cigarettes within smoke-free air laws and prohibiting 
sales of e-cigarettes to young people (aged ≤18 years).78

The use of tobacco and smoking products is increasing 
alarmingly in adolescents and young women. Smoking 
reduction among women will require tobacco-control 
policies (eg, stringent smoke-free air legislation, tobacco 
taxes, and plain packaging) and monitoring of smoking 
behaviours.79

Sex-specific risk factors
It is increasingly recognised that a range of biological 
variations and genetic differences modify the risk for, 
and affect the pathogenesis of, cardiovascular disease 
in women. Sex-specific differences in cardiovascular 
physiology and pathophysiology might be partly related 
to endogenous and exogenous reproductive hormone 
differences, although contemporary data question the 
protective role of oestrogens.80 Oestrogen mediates 
effects through both transcriptional and non-transcrip
tional mechanisms on endothelial cells, vascular smooth 
muscle cells, and cardiac myocytes and fibroblasts;81 
however, exogenous oestrogen therapy used for contra
ception and menopause does not lower cardiovascular 
disease risk.82,83

An analysis of the association between women’s repro
ductive factors and incident cardiovascular disease, using 
UK Biobank data on more than 500 000 female partici
pants aged 40–69 years, found that adjusted risks for 
cardiovascular disease were 1·10 (95% CI 1·01–1·30) for 
early menarche (age <12 years), 0·97 (0·96–0·98) for each 
year of age at time of first giving birth, 1·14 (1·02–1·28) for 
each stillbirth, and 1·33 (1·19–1·49) for early menopause 
(age <47 years).84 Across the life course of a woman, 
reproductive factors might affect the risk of developing 
cardiovascular disease.

Research is urgently needed to investigate the 
mechanisms by which oestrogen affects the cardio
vascular system in women.

Menopause
Cardiovascular disease in women manifests later in life 
than in men, with the first acute myocardial infarction 

occurring about 9 years earlier in men than in women, as 
documented in the INTERHEART study.26 Although 
cardiovascular disease risk is lower in women who are 
premenopausal than in age-matched men, it rises 
substantially after menopause. The US Study of Women’s 
Health Across the Nation52 found a sharp increase in LDL 
cholesterol during the 1-year period around the final 
menstrual period, but found no association between 
menopausal transition and changes in blood pressure, 
insulin, glucose, and body-mass index. Nevertheless, 
the odds of developing metabolic syndrome were sig
nificantly increased per each year in perimenopause 
(OR [odds ratio] 1·45, 95% CI 1·35–1·56),52 and 
body composition changed with accelerated gains in fat 
mass and losses of lean mass during the menopause 
transition.85 It has been hypothesised that endogenous 
hormone differences contribute to sex differences in 
cardiovascular disease risk and prevalence. For instance, 
evidence suggests that lower concentrations of oestrogen 
and higher concentrations of androgen after menopause 
might mediate the increased cardiovascular disease risk 
in women who are postmenopausal.86 Also, premature 
menopause (age <40 years) was identified as a factor for 
increased cardiovascular disease risk before age 60 years 
in an analysis published in 2019.87 Another study found 
that natural and surgical premature menopause were 
both associated with an increased incidence of a 
composite endpoint of coronary artery disease, heart 
failure, aortic stenosis, mitral regurgitation, atrial 
fibrillation, ischaemic stroke, peripheral arterial disease, 
and venous thromboembolism.88 By contrast, the study 
also analysed whether the use of extended systemic 
menopausal hormone therapy mitigated the cardio
vascular disease risk associated with premature 
menopause, and did not find any significant interaction 
between premature menopause and menopausal 
hormone therapy.88 Also, some experts suggest a reversed 
relationship, with increased premenopausal cardiovas
cular risk promoting premature menopause.89 These data 
underline the need for additional research in women’s 
health, including about endogenous and exogenous 
reproductive hormone sex differences.

Menopausal hormone replacement therapy
Menopause is associated with the presentation of 
cardiovascular disease in women. The role of hormone 
replacement therapy has been of great interest in 
mitigating cardiovascular disease. Although observational 
studies on hormone replacement therapy after menopause 
showed promising results in lowering cardiovascular risk, 
larger randomised controlled trials have not confirmed 
any benefit in primary or secondary prevention. In fact, 
the Women’s Health Initiative study90 primary prevention 
trial included 27 347 women who were postmenopausal 
and showed that oestrogen use was associated with a 
small but statistically significant increased risk of 
cardiovascular events compared with placebo (hazard 
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ratio 1·11, 95% CI 1·01–1·22; p=0·03). Other secondary 
analyses of this study suggested that the effect of 
hormones on coronary heart disease might be modified 
by the number of years since menopause, with the highest 
risks in women who initiated therapy 20 or more years 
since menopause (or were aged ≥70 years).91 Results from 
the Early versus Late Intervention Trial with Estradiol 
study92 support the hypothesis that the effects of hormone 
replacement therapy vary by the timing of exposure. No 
robust data exist on clinical outcomes associated with 
the timing of exposure in relation to the onset of 
menopause. With regard to secondary prevention, the 
Heart and Estrogen–progestin Replacement Study93 also 
did not show any benefit of conjugated equine oestrogen 
plus medroxyprogesterone acetate in the reduction of 
overall cardiac events in women with established coronary 
artery disease; instead, an increase in thromboembolic 
events was documented.

Currently, menopausal hormone replacement therapy 
is not indicated for primary or secondary prevention of 
cardiovascular disease. Whether the timing of therapy 
initiation in relation to the onset of menopause has 
an effect on the cardiovascular risk associated with 
menopausal hormone replacement therapy needs to be 
further investigated. However, hormone replacement 
therapy using low-dose oestrogen, or transdermal 
hormone therapy at the lowest feasible dose and shortest 
duration, for the management of menopausal symptoms 
in younger, low-risk women appears to be safe.94 In 
women experiencing myocardial infarction, menopausal 
hormone replacement therapy should be discontinued.

Pregnancy-related disorders
Many pregnancy-related disorders are associated with 
increased cardiovascular risk. Complications such as 
gestational hypertensive disorder (eg, pre-eclampsia), 
gestational diabetes, or preterm delivery are risk factors 
for the development of cardiovascular disease later in 
life.95–97 A clinical history of one of these complications 
warrants ongoing cardiovascular disease risk assessment, 
risk factor screening, and provision of coordinated 
cardiovascular disease prevention measures if indicated. 
Although it is well known that a history of pregnancy 
complications increases cardiovascular risk, further 
research is needed to better understand how these factors 
should be incorporated into risk prediction alongside 
well established risk factors.98

Not all physicians in high-income countries might be 
aware of the importance of pregnancy-related disorders 
such as pre-eclampsia for cardiovascular risk,99 and 
women in low-income and middle-income countries 
(LMICs) might have little access to risk-assessment 
opportunities. A multidisciplinary team approach is 
mandated, and initiatives such as the Preeclampsia 
Foundation are crucial for patient support and education, 
raising public awareness, catalysing research, and 
improving health-care practices. Evaluation of pregnancy 

outcome offers a distinct opportunity to assess cardio
vascular disease risk and prevent cardiovascular disease 
in women, and should be a joint effort across specialities.

Hormonal contraceptives
Combined oestrogen–progesterone hormonal contracep
tives include the pill, vaginal ring, and patch formula
tions. Available progesterone-only methods include 
medroxyprogesterone injections, etonogestrel implants, 
progesterone-only pills, and levonorgestrel-releasing 
intrauterine devices.100 Hormonal contraceptives are 
generally considered safe and effective for the prevention 
of pregnancy, with reasonably few contraindications.
However, women with specific risk factors associated 
with venous thromboembolism, or acute myocardial 
infarction, or both (eg, smokers aged 35 years or older, 
history of venous thromboembolism or pulmonary embo
lism, or hereditary thrombophilia) should be counselled 
for non-hormonal or progesterone-only contraceptives, 
and the risks of using hormonal contraceptives should 
be balanced against the potential risks of unintended 
pregnancy.100–101

Although overall risk is low, evidence suggests that 
combined hormonal contraceptives are associated with a 
12 times increase in the risk of myocardial infarction in 
women with hypertension.102 If multiple risk factors exist, 
combined hormonal contraception could increase a 
woman’s cardiovascular disease risk to an unacceptable 
extent.100 There is no robust evidence that past use of 
hormonal contraceptives has a significant effect on the risk 
of subsequent cardiovascular disease, regardless of 
duration of use, or time since last use.103

Women older than 40 years should be screened for 
additional cardiovascular disease risk factors, such as 
smoking, obesity, diabetes, hypertension, or migraine 
with aura. Progesterone-only oral contraceptives, subder
mal implants, and levonorgestrel-releasing intrauterine 
devices are options to use in women with a history or at 
risk of myocardial infarction or stroke.100

Polycystic ovary syndrome
Polycystic ovary syndrome is defined as the presence of 
both androgen excess and oligo-anovulation, and globally 
affects 6–10% of women of reproductive age.104 Women 
with polycystic ovary syndrome have a higher risk of 
hypertensive disorders in pregnancy and of gestational 
diabetes.105 However, the Women’s Ischemia Syndrome 
Evaluation study106 reported that women who were 
postmenopausal, both with and without polycystic ovary 
syndrome, had similar cardiovascular event-free survival. 
Two subsequent meta-analyses found an association 
between polycystic ovary syndrome and stroke but not 
all-cause mortality,107 and an association with cardio
vascular disease but not myocardial infarction.108 The 
clustering of insulin resistance, obesity, and metabolic 
syndrome in polycystic ovary syndrome helps to explain 
the predisposition for type 2 diabetes, dyslipidaemia, and 

For more on the Preeclampsia 
Foundation see https://www.

preeclampsia.org/about-us
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arterial hypertension in women with polycystic ovary 
syndrome,109,110 but the effect of this condition (apart from 
risk factors and its association with cardiovascular events 
and mortality) remains uncertain. Further research on 
the risk and management of cardiovascular disease in 
women with polycystic ovary syndrome is warranted.

Systemic inflammatory and autoimmune disorders
Although systemic autoimmune disease is not a 
sex-specific risk factor, women are disproportionally 
affected by this condition compared with men;111 among 
patients with this condition, 78% are women.112 The 
chronic inflammation caused by autoimmune disease is 
associated with endothelial dysfunction and the 
acceleration of atherosclerotic disesase.111,113 Also, steroid 
therapy is commonly used in patients with autoimmune 
disease and can result in the worsening of both hyper
glycaemia and dyslipidaemia. A cohort study (incident 
user design with time-stratified propensity score 
matching using a general population database in the UK) 
showed that statin use in women with rheumatoid 
arthritis reduced the risk of all-cause mortality by 29% 
(hazard ratio 0·71, 95% CI 0·59–0·86).114 These results 
were independent of age, body-mass index, socioeco
nomic status, relevant comorbidities, cardiovascular 
medication use, total cholesterol concentrations, and 
health-care usage. Although the incident user design and 
the intention-to-treat analysis approach might have 
helped to mitigate selection bias arising from 
investigating prevalent statin users, a randomised 
controlled trial is needed to identify the effect of the anti-
inflammatory and lipid-lowering effects of statins on 
cardiovascular disease risk and mortality in patients with 
systemic inflammatory and autoimmune disorders.

The presence of systemic inflammatory and auto
immune disorders should be considered in cardiovascular 
disease risk estimation, and aggressive screening and 
management of additional cardiovascular disease risk 
factors should be the goal of care for women with these 
conditions. Enhanced communication and coordination 
of services between rheumatologists and cardiologists 
can help to mitigate cardiovascular disease risk in 
women with systemic inflammatory and autoimmune 
disorders.

Under-recognised risk factors in women
Psychosocial risk factors
Depression and anxiety are associated with increased 
risk of cardiovascular disease morbidity and mortality. 
Depression is an independent and long-term risk factor 
for both obstructive115 and non-obstructive coronary 
artery disease in women.116 In addition, depression has 
consistently been associated with worse outcomes after 
acute myocardial infarction, with a 2–4 times higher risk 
of adverse cardiac events, independent of other prog
nostic factors such as coronary artery disease severity, 
left ventricular dysfunction, and history of myocardial 

infarction.117–119 A study found that younger and middle-
aged women (aged 18–55 years) report higher amounts 
of perceived stress than men during the first 12 months 
of recovery after myocardial infarction.120

Psychosocial disadvantages (eg, unemployment, 
chronic stress, insufficient social support, and bereave
ment or widowhood) are more common in women than 
in men, which contributes to increased depression and 
anxiety.117,121 Despite depression being a well documented 
risk factor for cardiovascular disease and health 
outcomes, it receives little attention in routine clinical 
practice. Only 3% of cardiologists were found to screen 
for depression122 and, conversely, women who present 
with chest pain are often misdiagnosed with anxiety. 
It is crucial that health-care providers recognise 
depression as an important factor for risk and prognosis 
of cardiovascular disease, and screen patients to initiate 
appropriate treatment if indicated.123 Addressing 
depression and anxiety with mental health care 
providers can have an important effect in improving 
health outcomes and preventing cardiovascular disease 
in women.

Abuse and intimate partner violence
Physical and psychological abuse of women and, in 
particular, intimate partner violence, affects 15–71% of 
women in their lifetime.124 Analyses suggest that intimate 
partner violence is associated with an increased inci
dence of cardiovascular disease.125–127 Direct physiological 
mechanisms and indirect effects of abuse might increase 
cardiovascular disease risk in women. The major direct 
effect of abuse is chronic stress, which persists even 
after the abuse stops, and which, along with depression, 
is a known risk factor for cardiovascular disease. Indirect 
effects of intimate partner violence include its effect on 
mental health, or modification of health behaviours, or 
both. Women who report intimate partner violence are 
increasingly likely to be current smokers, engage in 
heavy or binge drinking, and not to seek routine medical 
care.128 A population-based cohort study reported that 
intimate partner violence was also associated with 
abdominal obesity, low HDL cholesterol, and elevated 
triglycerides.129 Also, it was found that victimised women 
who were postmenopausal had higher ambulatory 
blood pressure.130 Data are deficient on the cultural 
victimisation of women in different parts of the world, 
and its prevalence and effect on cardiovascular disease 
remain uncertain.

This Commission endorses organisations dedicated 
to ending violence against women.

Health literacy
Inadequate health literacy is associated with an increased 
risk of cardiovascular disease and contributes to poor 
health outcomes and low use of health-care services.131,132 
Health literacy refers to an individual’s motivation and 
ability to gain access to, understand, and use information 
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in ways that promote and maintain good health.133 Poor 
health literacy is not solely a problem for LMICs, but is 
also present in high-income countries. For example, a 
German study reported lower health literacy in women 
than in men for patients with cardiovascular disease 
(41·8% vs 46·7%).134 Although another study found 
poorer health literacy in men than in women, it also 
suggested sex and gender-related differences in 
predictors for poor health literacy at an older age, 
including educational attainment, adolescent cognitive 
and non-cognitive skills, and rate of cognitive decline 
from the middle to later life.135 Further research is needed 
to investigate sex and gender-related differences in 
predictors of poor health literacy. In technology-rich 
environments such as the USA, approximately a third of 
adults were categorised as having basic or less than basic 
health literacy, with 12% of women having less than basic 
health literacy.136 Health literacy is necessary to ensure 
that women are equipped to participate in cardiovascular 
disease self-care, including treatment adherence and 
behavioural modifications to reduce cardiovascular 
disease risk. This Commission endorses organisations 
dedicated to promoting education for girls and women 
globally, and best practices, such as standardising health 
information using culturally tailored communication 
mechanisms, to reduce cardiovascular disease risk 
among women.137,138

Environmental risk factors
Evidence is growing that air pollution substantially 
increases the risk of cardiovascular disease.139 The 
European Society of Cardiology (ESC) released an expert 
position paper on air pollution and cardiovascular 
disease,140 providing an overview of all evidence for 
increased risk of coronary artery disease, heart failure, 
cardiac arrhythmias or cardiac arrest, and cerebrovascular 
disease or thromboembolism. Air pollution results in 
higher oxidative stress and inflammation, which might 
affect plaque progression, endothelial dysfunction, 
impaired fibrinolysis, platelet hyper-reactivity, and 
possibly also arrhythmogenesis. A study of 1816 women 
who were postmenopausal and without previous 
cardiovascular disease indicated that long-term exposure 
to fine particulate air pollution is associated with the 
incidence of cardiovascular disease and death.141 Another 
study suggested that roadway proximity to living accom
modation was associated with elevated and statistically 
significant risks of sudden cardiac death and fatal 
coronary heart disease in women, even after adjusting 
for other cardiovascular risk factors.142 The main source 
of indoor air pollution is smoke from domestic cooking 
using solid fuels such as wood. Women are more likely 
than men to be affected by high amounts of particulate 
matter and carbon monoxide produced by cooking on 
indoor stoves.143 The effect of environmental and indoor 
pollution on the cardiovascular health of women is 
uncertain and warrants further investigation.

Socioeconomic and cultural status, race, and poverty
Women are disproportionately affected by disparities 
in the distribution of wealth, income, and access to 
resources that affect cardiovascular health and wellbeing. 
Data from the GBD Study2 found that in countries with 
a low Socio-demographic Index women have higher 
age-adjusted mortality than men.2 Women, especially 
women with minority ethnicity, are also over-represented 
among people living in poverty in high-income countries, 
with associated negative effects on health and access to 
care.144,145 The inverse relationship between socioeconomic 
status and cardiovascular disease risk and mortality, is 
well established.146–149 A large meta-analysis found that 
low income, low levels of education, and living in 
disadvantaged areas are strongly associated with 
cardiovascular risk in women.150 Similarly, an analysis 
from the 2006 Health and Retirement Study151 found a 
strong association between low socioeconomic status 
and six of seven cardiovascular risk factors in women 
older than 50 years. Another study suggested a strong 
relationship between low socioeconomic status and 
metabolic syndrome in women.152 In addition, data from 
the Jackson Heart Study153 in 5301 African American 
people showed that adult socioeconomic position was 
more consistently associated with cardiovascular disease 
risk in women than in men: age-adjusted hazard ratios 
for low versus high wealth were 2·14 (95% CI 1·39–3·29) 
in women and 1·06 (95% CI 0·62–1·81) in men 
(pinteraction=0·0224).

Many factors (including low levels of education) 
contribute to an increased cardiovascular risk associated 
with socioeconomic deprivation in women. These 
factors are associated with poor health literacy and can 
influence unhealthy behaviours, such as smoking, poor 
diet, and low amounts of physical activity. Commercial 
advertising of fast or processed food, and the lower cost 
of unhealthy food in comparison with healthy food, 
promote food options that contribute to higher energy 
and fat intakes,154 which are associated with obesity 
and metabolic disorders, including diabetes and 
dyslipidaemia. Women with low socioeconomic status 
also have considerable chronic stress and depression, 
are disproportionally affected by intimate partner 
violence and domestic abuse, and are more likely to be 
single parents with little time to seek medical treatment 
and preventive care, compared with their male counter
parts.155 In addition, there is evidence that menopause 
occurs earlier in women with a low than a high 
socioeconomic status, which in turn is associated with 
increased cardiovascular risk.156 Women with low 
socioeconomic status in both low-income and high-
income countries have suboptimal medical care and 
inadequate health-care coverage, which is further 
compounded by race and ethnicity.148,157 For example, in 
the USA, despite Medicaid expansions that reduced the 
number of uninsured US women, continued efforts to 
repeal the Affordable Care Act have especially put Black 
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women and Latinas at risk of losing health coverage.145 
Although studies suggest that women generally have 
higher amounts of interaction with health-care systems 
than men, these encounters can often be restricted to 
gynaecological or obstetric visits and are less likely to be 
characterised by optimal care that includes cardiovascular 
disease prevention, treatment, and specialist referral.158

Traditional roles (eg, carer for children, older parents, 
or other family members), domestic duties, and cultural 
norms might also restrict women in their pursuit of 
healthy lifestyles, being physically active, and practising 
self-care. It is not only in low socioeconomic status 
populations that responsibilities associated with a 
caretaker role can contribute to a lower likelihood of 
women seeking optimal and specialised medical care.

The COVID-19 pandemic has shown inexorably how 
the socioeconomic status and the cultural role of the 
woman in society affect the physical and mental health 
and wellbeing of women globally (panel 1; figure 5).

Public health and clinical interventions should address 
simultaneously the multiple cardiovascular disease risk 
factors that frequently coexist in women with low 
socioeconomic status, and health-care providers should 
receive training on how to adapt their practices to 
accommodate vulnerable populations (figure 6).170 At the 
same time, women’s cardiovascular health and well
being are shaped profoundly by public policy, income 
inequality, social immobility, and women’s social status 
and role in society.157,171,172 Access to health care, social 
inclusion, and community outreach and education in 
socioeconomically deprived regions could reduce the 
burden of cardiovascular disease in women.

This Commission recommends giving policy atten
tion to low socioeconomic status populations in both 
high-income countries and LMICs. Proximal policies 
that provide health insurance coverage and access to 
care, including preventive and treatment services, are 
important factors in reducing cardiovascular risk.170 
Distal policies can also have an important effect, such as 
policies that endorse access to smoke-free environments 
and heart-healthy foods, and that address education, 
employment, time off work to look after family and 
dependants, housing, and safe environments. Most 
importantly, programmes that support universal health 
coverage are likely to improve cardiovascular health 
outcomes among women from socioeconomically 
deprived regions.

Cardiovascular risk assessment in women
Cardiovascular disease risk estimation remains chal
lenging, especially in women. Although numerous 
prediction models exist, validity is often limited by small 
sample size and the specific characteristics of the 
population that they are derived from. This results in 
these tools having low validity for use in particular 
populations, including young women and minority 
populations. Although the risk for cardiovascular events 

in young women remains low at population level, 
individual women could have a high relative risk. Using 
sex-specific and age-specific cardiovascular disease risk 
thresholds, and incorporating novel measures of 
subclinical disease (eg, coronary calcium scoring) into 
risk assessment, might improve the guidance for 
preventive measures.13,173

Panel 1: Women, cardiovascular disease, and COVID-19

Data on COVID-19 point towards similar infection rates between the sexes, but higher 
death rates in men than in women.159 However, global COVID-19 data is often missing 
information on sex. Many countries do not report COVID-19 cases and deaths 
disaggregated by sex, according to the Global Health 5050 research initiative.160 More 
importantly, information on testing by sex is not available, although the numbers of 
infections are largely dependent on testing strategies in different countries and regions.161

Nevertheless, it is without a doubt that COVID-19 affects women differently to men. 
Although the effect of sex hormones might be partly responsible for sex-related 
differences in the inflammatory response to SARS-CoV-2 (the virus causing COVID-19), 
sex and gender have an important role in other effects on health associated with the 
COVID-19 pandemic. Specifically, domestic violence against women has increased during 
lockdown.162 Also, compared with men, women are more likely to be responsible for 
childcare, now that many schools have been closed, and women’s jobs are more likely to 
be at risk. Data on the effect of these issues on women’s mental and physical health are 
deficient. Even before the pandemic women were doing 3 times as much unpaid care and 
domestic work as men globally.163 It was found that these factors can restrict women from 
pursuing a healthy lifestyle, practising self-care, and seeking treatment for cardiovascular 
disease. Although it can be estimated that these inequalities have only become worse 
since the onset of the pandemic, the data to prove this are missing. Governments are 
under great pressure to react to the global threat, and might focus on flattening the 
infection and death rate curves, but the pandemic’s social and socioeconomic effects 
represent major threats to the health and wellbeing of women, and are neither 
acknowledged nor addressed.

In addition to understanding the pathophysiological mechanisms of COVID-19 and the 
sociocultural consequences of the pandemic, collecting sex-disaggregated data and 
obtaining sex-related biological factors is also important for the development of effective 
treatment and prevention. For example, it has been shown that women are less likely 
than men to accept vaccination.161 Although women have a more effective response they 
also report more adverse reactions to vaccines, compared with men.161,164 With regards to 
treatment, the angiotensin-converting enzyme 2 (ACE2) receptor has an important role 
in the infection route of SARS-CoV-2 and might also be a key factor in the mechanisms 
leading to severe myocardial injury associated with COVID-19.165 Understanding sex 
differences in ACE2-receptor density and activity might help to develop effective 
treatment strategies.166 Although there is no proven effective treatment of COVID-19 so 
far, the off-label use of certain drugs, especially in the early phase of the pandemic, carried 
the risk of serious side-effects. For example, adverse events associated with chloroquine 
and hydroxychloroquine include arrhythmias and sudden cardiac death,161,167,168 and 
women might have be affected disproportionally because of their increased risk of drug-
induced torsade de pointes compared with men.169 The COVID-19 pandemic once again 
emphasises the importance of collecting sex-disaggregated data and sex-related 
biological factors to improve disease treatment and prevention and ensure equitable care 
globally. The pandemic provides a unique opportunity to investigate and better 
understand sex-specific pathophysiological mechanisms, but also acute and long-term 
consequences resulting from the aspects of gender inequality aggravated by the 
pandemic on health and wellbeing of women.
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It remains uncertain how to include and consider sex-
specific and under-recognised factors in risk calculators, 
and women might be especially affected by these limita
tions of current risk prediction tools. Although some 
guidelines note the dearth of evidence about the role of 
sex-specific factors in cardiovascular risk prediction 
and disease,174 others mention premature menopause and 
pregnancy-related disorders as risk enhancing factors,175,176 
whereas another report on cardiovascular risk prediction 
tools does not mention (female) sex at all.177 Increased 
attention to these knowledge gaps is urgently needed, to 
address the complex relationship of particular sex-specific 
factors and cardiovascular risk prediction. Meanwhile, 
because of a higher lifetime risk of stroke in women than 
in men, the use of cardiovascular risk calculators should 
be preferred to the use of risk prediction tools that 
consider only cardiac events.178

However, the limitations of current risk prediction 
models are only one side of the problem. Although 
marked improvements have been achieved over the 
past 2 decades, awareness about cardiovascular disease 
risk among women themselves, and among their health-
care providers, remains suboptimal.7,179 Younger women 
and women from minority ethnic backgrounds are 
especially unaware of the risk and, in a survey from 2014, 
only 39% of primary care physicians rated cardiovascular 
disease in women as the top concern after weight and 
breast health.7 Furthermore, only 22% of primary care 
physicians and 42% of cardiologists felt extremely well 
prepared to assess cardiovascular disease risk in women, 
and only 16% of primary care physicians and 22% of 
cardiologists said they comprehensively implemented 
cardiovascular disease prevention guidelines when 
treating women. Although most of these professionals 
were aware of the atherosclerotic cardiovascular disease 
risk assessment calculator,180 only around a half of each 
group indicated that they used it.7 A subsequent analysis 
of survey data suggested an actual decline in awareness 
about heart disease was the leading cause of death 
among women from 2009 to 2019, particularly among 
Hispanic women, non-Hispanic Black women, and 
younger women.8

Despite the great success of various campaigns and 
initiatives, further efforts are needed to increase 
awareness about cardiovascular disease risk in women. 
There is an unmet need for a cardiovascular disease risk 
calculator that considers sex-specific risk factors. We 
consider the risk calculator to be an important next step 
to support education and access to care, and to enhance 
our ability to prevent cardiovascular disease in women.

Prevention of cardiovascular disease in women
The physicians who directly take care of women remain 
underused for addressing cardiovascular risk and 
educating women about their risk. Integrated care 
programmes for women, with multidisciplinary treat
ment from a range of providers at the different stages of 
the process, are needed. It is particularly important for 
risk assessment and cardiovascular disease prevention 
efforts to identify and promote methods that encourage 
health-care providers to assess, and to empower women 
to recognise, cardiovascular disease risk. As seen in other 
fields, community health workers could be invaluable 
agents for supporting cardiovascular disease screening 
and identifying women at risk of cardiovascular disease 
(figure 6).181 Further investigation on the sex-specific 
effects of preventive measures for cardiovascular disease 
is required.

Overview of disease states
Ischaemic heart disease
Ischaemic heart disease is the leading cause of death in 
women worldwide. Although research on sex-specific 
pathophysiology of ischaemic heart disease has increased 

Figure 5: Women, cardiovascular disease, and COVID-19 
The COVID-19 pandemic provides a powerful example of how sex-related biological factors (blue border) 
underpinning SARS-CoV-2 infection and gender-associated factors (red border) can interact to negatively affect 
women’s cardiovascular health. ACE2=Angiotensin-converting enzyme 2. ARDS=Acute respiratory distress syndrome.
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over the past 2 decades, women remain under-
represented in clinical trials, registries, and pathological 
studies. As a result, knowledge about the specific 
pathophysiological mechanisms and the spectrum of 
ischaemic heart disease manifestation in women is 
suboptimal, and reliance on male-pattern diagnostic 
criteria most likely contributes to delayed or deferred 
diagnosis of ischaemic heart disease in women. 
Emerging evidence points to substantial differences 
between women and men with ischaemic heart disease, 

in pathophysiology, clinical presentation, risk factor 
patterns, quality of care, and outcomes. This section sum
marises important women-specific aspects of ischaemic 
heart disease; for key points and recommendations by 
disease see panel 2.

Ischaemia with no obstructive coronary artery disease
Symptoms and signs of ischaemia without obstructive 
disease in the epicardial coronary arteries, known as 
ischaemia with non-obstructive coronary arteries 

Figure 6: Changing the perceptions of cardiovascular disease in women by recognising the populations most likely to be affected by social, cultural, and 
economic factors that can indirectly increase risk
Shaping interventions and initiatives to target the reduction of cardiovascular disease in women requires identification of those women who are the most susceptible 
globally, including those who might not have traditionally been viewed as being at high risk, such as younger women. 

Women living in socially deprived regions:
Strategies

Characteristics

Women living in communities where their role in society is strongly defined by traditional norms, or religious norms, or both: 

Women from minority or Indigenous populations, or with low socioeconomic status, or both:

Young women:

• Cardiovascular disease mortality higher compared to men
• Especially prominent gap in education levels between women and men 
• Little access to health care 
• Poverty, malnutrition, migration, uncontrolled fertility, and  complications of childbirth contribute to cardiovascular risk profiles

• Comprehensive action that includes adequate funding, health leadership, and collaboration between governments, civil society, and 
patient and family groups are necessary to improve cardiovascular health for women

• Promote and provide access to education for girls and women to empower them to self-manage their own health and afford health 
care

• Community health workers are emerging as invaluable agents to support community cardiovascular disease  screening and to identify 
women at risk for cardiovascular disease 

• Cultural beliefs and low levels of education contribute to little awareness about cardiovascular disease  risk among women
• Little or no autonomy of decision making, even in emergencies
• Traditional roles and responsibilities define women as caretakers of health, whereas men are decision makers about medical care
• Social and religious norms restrict women from doing sports and physical activity

• Culturally sensitive primary and secondary prevention programmes are needed
• Empower women through education about health and wellbeing and establish equal opportunities for higher education, economic 

activity, and political life
• Enable women to view themselves as decision makers about their own health and health care

• Little or no health insurance coverage
• Inadequate health-care infrastructure in remote areas
• Poor health literacy

• Language-specific and culture-specific peer-to-peer mentoring by women for women can help to raise awareness about self-care 
strategies and provide support for behavioural modifications

• Such efforts should be cognisant of historical and contemporary inequities between these and other populations and between women 
and men, and investigate the potential effect of cultural trauma, displacement, and violence

• Standardising health information using culturally tailored communication mechanisms and assessing health literacy are important 
elements

• Telehealth can address health inequities by delivering cardiovascular health care to women in remote and rural areas

• Myocardial infarction is increasing
• Myocardial infarction is associated with an especially poor prognosis
• Prevalence of smoking is high in young women

• Engage health-care providers and empower women to assess and recognise cardiovascular disease risk
• Improved risk assessment models are needed to account for sex-specific and other under-recognised risk factors
• Research is urgently needed to understand the underlying pathophysiology of acute myocardial infarction in young women and 

the associated excess mortality risk
• Smoking cessation in young women should be a major target for health interventions worldwide
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(INOCA), are more common in women than men, 
with especially high prevalence among women aged 
45–65 years.182–184 The prevalence of INOCA is dependent 

on the study population and the diagnostic approach, 
and might be underestimated. The Women’s Ischemia 
Syndrome Evaluation study185 enrolled women referred 

Panel 2: Key points and recommendations by disease

Ischaemic heart disease 
Ischaemia with non-obstructive coronary arteries (INOCA) 
•	 INOCA is not a benign condition and is associated with 

increased risk for adverse cardiac events
•	 A large international study using a standardised diagnostic 

algorithm is required to better understand the epidemiology 
of women with INOCA

•	 Further research is required to investigate underlying 
mechanisms of INOCA and define approaches to its 
evaluation and treatment

Myocardial infarction in the absence of obstructive coronary artery 
disease (MINOCA) 
•	 Understanding the mechanisms of the underlying disease in 

women presenting with MINOCA is essential in providing 
therapeutic options

•	 Randomised controlled trials are urgently needed to 
investigate treatment options and secondary prevention 
strategies in women with MINOCA

•	 This Commission endorses the request by the American 
Heart Association for a MINOCA-specific International 
Classification of Diseases, 10th Revision code, which would 
facilitate research and help hospitals to pursue higher 
amounts of reimbursement for additional diagnostic 
studies in this patient population

Spontaneous coronary artery dissection (SCAD) 
•	 Further research is urgently needed to address uncertainties 

about prevalence and treatment of SCAD as well as 
post-SCAD lifestyle modifications and medical therapies

•	 Initiatives such as the EURObservational Research 
Programme and other SCAD registries are crucial to improve 
our understanding of the disease

ST-segment elevation myocardial infarction (STEMI) 
•	 The general underestimation of cardiovascular risk in 

women needs to be addressed
•	 Continuing efforts are needed to provide guideline-

recommended treatment to women with STEMI
•	 Further research is mandated to investigate potential 

biological sex differences as underlying reasons for the 
sex-related mortality gap in STEMI

Heart failure 
•	 The overwhelming increase in the incidence of heart failure 

with preserved ejection fraction in women with few 
therapeutic options underlines the importance of further 
research in this area

•	 Evidence points towards sex-specific target doses in heart 
failure therapies and should be validated in prospective, 
sex-specific, dose-finding studies

•	 Cardiac resynchronisation therapy should be offered to 
women with a clinical indication

•	 Women are more susceptible than men to cardiogenic shock 
after myocardial infarction; further research is urgently 
needed to investigate the underlying mechanisms

•	 Further research is needed to better understand the 
observed sex differences in the transplantation field

Takotsubo syndrome 
•	 International research collaborations with access to large 

registries should be established to improve diagnosis and 
treatment of women with takotsubo syndrome

•	 Clinicians should be equipped to recognise, identify, and treat 
serious complications and outcomes of takotsubo syndrome

Peripartum cardiomyopathy 
•	 Large-scale multicentre prospective registries and 

randomised controlled trials are warranted to examine the 
benefit of standard heart failure treatments as well as the 
role of emerging therapies in women with peripartum 
cardiomyopathy

•	 A global collaboration between specialised centres is crucial 
to investigate pathophysiology, prognosis, diagnosis, and 
treatment

Arrhythmia 
Ventricular tachyarrhythmia and sudden cardiac death 
•	 Comprehensive global data collection to identify accurate 

sudden cardiac death rates in women is needed
•	 Women are more likely to have sudden cardiac arrest at 

home and lower likelihood of bystander resuscitation even 
in public places than men; awareness campaigns are 
warranted and resuscitation programmes need to be 
expanded to train the community to recognise and respond 
to sudden cardiac death

•	 The true benefit of implantable cardioverter-defibrillator 
therapy in women is not well known and needs to be 
investigated

Atrial fibrillation 
•	 Atrial fibrillation is an important underlying cause of stroke 

in women, yet many women are not diagnosed or treated
•	 Because women with atrial fibrillation present at an older 

age and with more comorbidities than men, dedicated 
studies in women are needed to develop treatment 
strategies for reducing the risk of stroke while minimising 
the risk of bleeding

•	 The under-representation of women in clinical trials for 
rhythm and rate control for atrial fibrillation as well as left 
atrial appendage occlusion devices needs to be addressed

(Continues on next page)
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for coronary angiography and found that 547 (62%) of 
883 had no obstructive coronary artery disease. Even in 
patients enrolled in the ISCHEMIA trial,186 who all had 
suspected stable ischaemic heart disease and moderate 
or severe ischemia on stress imaging testing, the 
proportion with non-obstructive coronary artery disease 
based on coronary CT angiography findings was 
353 (34·4%) of 1022 women (compared with 378 [11·3%] 
of 3353 men).

INOCA is not a benign condition; it is associated with 
increased risk for major adverse cardiovascular events 
compared with a reference population without ischaemic 
heart disease187 and prompt diagnosis and treatment are 

therefore important. Diagnostic approaches based on 
detecting coronary stenosis often fail in women (because 
women more often than men have ischaemia with no or 
non-obstructive coronary artery disease), which contributes 
to delayed diagnosis or misdiagnosis. If coronary stenosis 
is not detected and INOCA is not diagnosed, many women 
are mistakenly presumed to have no heart disease and 
are offered no specific management, even though they 
might be at increased risk of adverse cardiac events.

Although the pathophysiology of angina symptoms in 
INOCA remains poorly understood, it has been proposed 
that coronary microvascular dysfunction, or epicardial 
vessel spasm, or both, have important roles.188,189 Although 

(Panel 2 continued from previous page) 

Vascular disease 
Stroke 
•	 Women have poor stroke-related outcomes
•	 Early diagnosis and treatment of hypertension should be 

implemented across the globe to reduce mortality due to 
stroke in women

•	 Comprehensive data collection is needed to identify and 
address sex-related gaps in access to care and treatment

•	 Rehabilitation programmes tailored for women might 
reduce sex-related differences in functional limitations and 
quality of life after stroke

Vascular dementia
•	 Dementia is a growing global health change that affects 

considerably more women than men
•	 Preventive strategies that identify women at higher risk 

earlier in life and target modifiable metabolic risk factors 
might delay vascular dementia in women and should be 
emphasised

Peripheral arterial disease 
•	 Peripheral arterial disease remains underdiagnosed and 

undertreated in women worldwide, but especially in 
low-income and middle-income countries

•	 Further efforts are needed to increase awareness about the 
high prevalence of peripheral arterial disease in women

•	 Allied health-care providers need to be involved in screening 
for peripheral arterial disease using easy, quick, and 
non-invasive tools such as ankle–brachial index 
measurements to increase the probability of establishing a 
diagnosis and ensure patient referral

Valvular heart disease 
•	 Evaluation of women with calcific aortic stenosis across 

racial and ethnic populations should be provided, with 
prompt treatment according to guideline recommendations 
for symptomatic and severe aortic stenosis

•	 Sex-related disparities in diagnosis and treatment should be 
investigated and avoided to reduce morbidity and mortality 
for women with mitral valve disease

•	 Transcatheter mitral valve replacement might be a 
treatment option in women with mitral valve calcification 

who are not deemed surgical candidates, although further 
clinical trials are needed to define the best treatment 
strategy

Cardiovascular disease and pregnancy 
•	 Cardiovascular disease is a major contributor to late 

maternal death worldwide
•	 Late maternal death is not well documented and is therefore 

a neglected issue
•	 Global estimates of access to surgery and treatment of 

congenital heart disease in women are missing and few data 
exist on pregnancy outcomes in women with uncorrected 
congenital heart disease; studies and registries addressing 
these knowledge gaps are urgently needed

•	 Cardio-obstetrics is an emerging multidisciplinary team 
approach and crucial for optimal care for women with 
cardiovascular disease during pregnancy

Rheumatic heart disease 
•	 Prevalence of rheumatic heart disease remains high in some 

regions of the world, and young women of childbearing age 
are disproportionately affected

•	 Multidisciplinary cooperation combined with appropriate 
preconception counselling and antenatal care is crucial to 
reduce complications from rheumatic heart disease in 
pregnancy

•	 It is essential to raise awareness about, and create political 
incentives to address, rheumatic heart disease and its 
implications as part of an integrated rheumatic heart 
disease prevention and control programme that targets 
women in low-income and middle-income countries 
affected by this disease

Cardiovascular disease and cancer 
•	 Further studies are needed to improve risk assessment, 

optimise screening and surveillance, identify preventive 
measures, and investigate treatment options for 
cardiovascular disease associated with cancer treatments

•	 This Commission endorses the interdisciplinary field of 
cardio-oncology as a crucial resource in reducing 
cardiovascular disease among female cancer survivors



The Lancet Commissions

18	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

epicardial vessel spasm is more common in men than 
in women,190 women represent up to 70% of patients 
with coronary microvascular dysfunction.191 In coronary 
microvascular dysfunction, structural remodelling of 
the microvasculature, or vasomotor disorders affecting 
the coronary arterioles, or both, can lead to signs and 
symptoms of ischaemia (microvascular angina) owing 
to fixed reduced microcirculatory conductance, or 
dynamic arteriolar obstruction, or both.189,192 The multiple 
underlying mechanisms of coronary microvascular 
dysfunction and their relative contributions to angina 
symptoms are still unclear and need further 
investigation.184,193–196

Coronary microvascular dysfunction can be detected via 
invasive or non-invasive testing.184 Diagnostic criteria have 
been proposed192,197 but there is too little evidence to make 
strong guideline recommendations or to standardise 
diagnosis.184 Similarly, management strategies for INOCA 
are not well defined, mostly because there is insuf
ficient evidence about treatments to improve coronary 
microvascular dysfunction. In the CorMicA trial198 
(151 patients, 74% women) stratified medical therapy 
(guided by measurements taken at invasive coronary 
testing) improved angina symptoms and quality of life in 
patients with no obstructive coronary artery disease 
compared with guideline-directed medical therapy and 
antianginal therapies according to the preference of the 
treating cardiologist. In addition to important lifestyle 
changes, such as cardiovascular risk factor modification 
(eg, weight loss and stress management),189,194 potential 
medical therapies for coronary microvascular dysfunc
tion include β blockers, short-acting nitrates, calcium 
antagonists, and angiotensin-converting enzyme inhibitors 
for symptom relief.194,199 Aggressive modification of risk 
factors and treatment with aspirin and statins should be 
pursued in patients with non-obstructive coronary artery 
disease, but can also be considered in patients with 
angiographically normal coronary arteries and diagnosed 
coronary microvascular dysfunction, because of the high 
prevalence of atherosclerotic plaque found by coronary 
intravascular ultrasound studies in these patients.194,199–201 
Newer anti-ischaemic therapies (eg, ivabradine or 
ranolazine), anti-inflammatory medications, or proprotein 
convertase subtilisin/kexin type 9 inhibitors have not yet 
been investigated in women with coronary microvascular 
dysfunction, but might also represent treatment options.

Further research is urgently needed to build an evidence 
base for robust guidelines on diagnosis and treatment, 
and to better understand the pathophysiological mech
anisms that predispose women to coronary microvascular 
dysfunction. For now, proposed diagnostic algorithms 
and a simplified classification of the clinical spectrum 
of coronary microvascular dysfunction, considering the 
severity of atherosclerosis (none or non-obstructive) and 
associated cardiovascular risk factors, might help to 
accurately identify and appropriately treat INOCA in 
women.188,189,194

This Commission has identified gaps in knowledge for 
the prevalence, diagnosis, treatment, and outcomes of 
INOCA in women, and recommends that societies and 
stakeholders support and fund further research in this 
area.

Myocardial infarction in the absence of obstructive coronary 
artery disease
Although obstructive coronary artery disease with plaque 
rupture remains the predominant cause of myocardial 
infarction, an analysis of 27 large clinical trials and 
registries reported an overall prevalence of 6–15% of 
patients with myocardial infarction with no evidence 
of obstructive coronary artery disease.202,203 The term 
myocardial infarction in the absence of obstructive 
coronary artery disease (MINOCA) represents a condition 
that is caused by coronary mechanisms (eg, coronary 
artery dissection, coronary spasm, and coronary emboli), 
or is mimicked by myocardial disorders (eg, myocarditis, 
takotsubo syndrome, and other cardiomyopathies) or 
non-cardiac conditions (eg, pulmonary embolism).204,205 
The most recent diagnostic criteria incorporate the 
Fourth Universal Definition of Myocardial Infarction and 
exclude myocarditis and takotsubo syndrome from the 
final diagnosis of MINOCA.206,207

MINOCA is more common in women than men 
(10·5% vs 3·4%; p<0·0001), although outcomes are similar 
for both sexes.208 Studies suggest better outcomes for 
patients with MINOCA than for patients who have acute 
myocardial infarction with obstructive coronary artery 
disease.202,208,209 By contrast, one study found that major 
adverse cardiovascular events were similar in patients with 
MINOCA and patients with single-vessel or double-vessel 
coronary artery disease, although these findings were 
limited by a low study follow-up rate and small sample 
size.210 Patients with MINOCA are at considerable risk of 
non-cardiac mortality.211,212 Furthermore, approximately 
25% of patients with MINOCA have ongoing angina, 
which according to registry data was equivalent to the 
prevalence in patients with acute myocardial infarction 
and obstructive coronary artery disease.213 Of note, in this 
study, depression and self-reported avoidance of care 
because of cost were independently associated with angina 
in patients without obstructive coronary artery disease.213 
Strategies are urgently needed to raise awareness about 
the prognostic implications of accurate diagnosis and 
treatment of MINOCA, and the importance of continued 
patient counselling and care.

A working diagnosis of MINOCA should only be 
considered in those patients with a definite acute 
myocardial infarction, non-obstructive disease on 
coronary angiography, and no other underlying clinical 
entity resulting in myocardial injury without ischaemia.207 
Different diagnostic algorithms have been proposed, 
with cardiac MRI being considered an important 
investigational tool to exclude myocarditis, takotsubo 
syndrome, and other cardiomyopathies.206,207 In the 
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absence of advanced imaging, diagnosis is typically 
made on clinical grounds.207 Other investigations include 
provocative spasm testing, screening for thrombophilia 
disorders, and intravascular ultrasound if other diag
noses are ruled out. In a prospective observational study 
to investigate underlying causes of MINOCA in women, 
301 women with a clinical diagnosis of myocardial 
infarction were enrolled, and MINOCA was diagnosed 
in 170 (56%). If invasive coronary angiography revealed 
less than 50% stenosis in all major arteries, the study 
protocol mandated doing multi-vessel optical coherence 
tomography followed by cardiac MRI. An ischaemic 
cause was identified in 63·8% of women, a non-
ischaemic cause in 20·7%, and no mechanism was 
identified in 15·5%.203

The AHA scientific statement on MINOCA acknow
ledged the difficulty of identifying and tracking patients 
with MINOCA in the absence of a specific diagnostic 
code.207 An International Classification of Diseases, 
10th Revision MINOCA-specific code would not only 
facilitate research but also help hospitals to pursue 
higher amounts of reimbursement for additional 
diagnostic studies in this patient population.207 Ran
domised controlled trials to investigate treatment options 
for secondary prevention in patients after MINOCA are 
needed urgently.

In women presenting with MINOCA, understanding 
the mechanisms of the underlying disease is essential in 
providing therapeutic options. Consideration of non-
atherosclerotic causes of myocardial infarction is key to 
improving health outcomes of women globally.

Spontaneous coronary artery dissection
Spontaneous coronary artery dissection is a comparatively 
rare cause of myocardial infarction that represents 
1–4% of all acute coronary syndromes,214,215 but is 
increasingly recognised as an important cause of acute 
myocardial infarction in women younger than 50 years.216 
The true prevalence is uncertain because it is often 
underdiagnosed, and its clinical presentation ranges 
from mild chest pain to sudden cardiac death. 
Spontaneous coronary artery dissection is defined as a 
non-traumatic, non-iatrogenic, and non-atherosclerotic 
separation of the coronary artery wall, either by 
spontaneous intimal rupture or by rupture of vasa 
vasorum within the vessel wall.217 This rupture results 
in the accumulation of intramural haematoma in the 
false lumen that can compress the true lumen, causing 
myocardial ischaemia or infarction. Studies have reported 
spontaneous coronary artery dissection as the cause of 
myocardial infarction in 25–35% of women younger than 
50 years, and up to approximately 25% of women younger 
than 60 years.218–220 Spontaneous coronary artery dissection 
is also the most common cause (up to 43%) of myocardial 
infarction associated with pregnancy, primarily occurring 
in the third trimester or post partum.221 Conventional 
cardiovascular risk factors are absent for many patients 

with spontaneous coronary artery dissection. Underlying 
disorders and factors that could predispose women 
to spontaneous coronary artery dissection include 
fibromuscular dysplasia (50–86%),222–224 connective tissue 
disorders (5%), systemic inflammatory diseases (5–12%), 
hormonal therapy use (eg, oestrogen, progesterone, 
gonadotrophin, clomifene, or fertility treatment), and 
multiple previous pregnancies.225–227 Conditions that 
increase intracoronary shear stress, such as physical and 
emotional triggers, might precipitate spontaneous 
coronary artery dissection.228

Spontaneous coronary dissection can be missed on 
coronary angiography, and intravascular imaging is an 
important diagnostic tool. Assuming timely evaluation via 
coronary angiography and accurate diagnosis, patients 
with spontaneous coronary artery dissection generally do 
well with conservative management. Revascularisation 
with percutaneous coronary intervention or coronary 
artery bypass surgery is recommended if high-risk features 
are present (ie, left main dissection, ongoing ischaemia, 
haemodynamic instability, or sustained ventricular 
arrhythmias).

The risk of recurrent events after spontaneous coronary 
artery dissection is substantial, as shown by the Canadian 
Spontaneous Coronary Artery Dissection cohort study.228 
The study showed that women with spontaneous 
coronary artery dissection during the post-partum period 
have a 2·8 times increased risk of in-hospital major 
adverse events, whereas women with connective tissue 
disorder have an 8·7 times increased risk for major 
adverse cardiovascular events within 30 days of 
admission to hospital.228 To minimise risk of recurrent 
events after spontaneous coronary artery dissection, 
cardiac rehabilitation is recommended, preferably with a 
modified protocol avoiding heavy isometric exercise and 
intense aerobic activities.229 Other strategies to prevent 
recurrent events include minimising emotional triggers, 
avoiding hormonal therapy (ie, oestrogen, progesterone, 
and β-human chorionic gonadotropin), and avoiding 
future pregnancies.214 The EURObservational Research 
Programme study230 has been designed to assess the 
optimal medical therapies and interventional strategies 
for spontaneous coronary artery dissection, and should 
increase knowledge about this condition.

Spontaneous coronary artery dissection is an important 
and underdiagnosed cause of acute coronary syndromes 
in women. Diagnosis is usually with intravascular 
imaging, and treatment is based on a conservative 
approach at first. Women with this condition are at high 
risk of recurrent ischaemic events and require close 
follow-up. This Commission supports further research 
and education on the diagnosis and treatment of 
spontaneous coronary artery dissection.

STEMI
STEMI in women is usually caused by a ruptured plaque 
and thrombus formation, and is the most acute 
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manifestation of coronary heart disease. In STEMI, 
differences related to sex and gender are especially 
pronounced, and include (but are not restricted to) the 
following: women present later than men after STEMI, 
have a longer time from presentation to definitive therapy, 
and are less often treated with guideline-recommended 
therapies.

The gold standard STEMI treatment is primary 
percutaneous coronary intervention, if the procedure can 
be done within 120 min of first medical contact at a well 
equipped centre with experienced interventional cardi
ologists and skilled support staff.204,231 Several factors are 
barriers to timely presentation and appropriate treatment. 
Studies suggest that women are more likely to delay 
help-seeking and presentation than men,232,233 which 
could be attributable to a low awareness of personal risk, 
misinterpretation of symptoms, barriers to accessing 
care, fear, or embarrassment.234,235 At least one European 
study showed that emergency ambulance services place a 
lower priority on transporting women who present with 
possible STEMI than men.236 Although the reasons for 
this finding are unclear, women with STEMI commonly 
present with symptoms other than chest pain (including 
pain in the jaw, neck, and shoulder, or fatigue and 
nausea), which might be a contributing factor.237 Further
more, cardiovascular risk is often underestimated in 
women, who more often have missed diagnosis of 
STEMI prehospital than men, which then necessitates 
interhospital transfer to a facility capable of doing 
percutaneous coronary intervention and delayed 
reperfusion.238

Once the diagnosis has been made, women are less 
likely than men to receive acute reperfusion therapy239,240 
and evidence-based pharmacological treatment, including 
dual antiplatelet therapy, statins, and β blockers.239 In 
addition to differences in risk profile (including older 
age, higher prevalence of risk factors, and comorbidities), 
these sex-related gaps in treatment could contribute to 
the higher in-hospital mortality in women than in men. A 
nationwide cohort study in both England and Wales 
found that an estimated 8243 (95% CI 8111–8375) 
women’s deaths could have been prevented during the 
study period, if they had received treatment (as defined by 
the ESC Acute Cardiovascular Care Association quality 
indicators) similar to that received by men.241 Other 
studies showed that comprehensive STEMI protocols can 
help to reduce sex disparities in quality of care and 
outcomes.242,243 Although many studies239,242,244–246 suggest 
that the sex-related mortality gap in STEMI is because of 
differences in baseline characteristics and treatment 
disparities, substantial evidence suggests that additional 
factors, such as biological sex differences, contribute to 
worse outcomes in women than in men.247,248 An analysis 
of the International Survey of Acute Coronary Syndromes 
in Transitional Countries registry found that higher 
30-day mortality for women than men with STEMI 
persisted after adjustment for clinical characteristics, 

angiographic disease severity, primary percutaneous 
coronary intervention, and medications used at 
admission, driven by the excess risk in women aged 
60 years or younger.247 Similar findings of worse outcomes 
in women than in men, even after multivariate 
adjustment, were documented by other studies,248 with 
particularly poor outcomes in women younger than 
50 years in one study,249 but not in another.250 The 
mechanisms causing excess mortality in women 
compared with men are not clear, but could partly be 
explained by the findings of another analysis showing 
that prehospital delay of more than 1 h was associated 
with poorer 30-day survival in women than in men.251 
These findings suggest that women are more susceptible 
to prolonged untreated ischaemia, and might explain the 
higher risk of heart failure and cardiogenic shock after 
STEMI in women than in men.249,252 A pooled patient-
level analysis showed longer reperfusion delay, higher 
mortality, and a higher risk of heart failure hospitalisation 
in women than men; however, it found no evidence of an 
interaction between sex and infarct size or left ventricular 
ejection fraction, regarding risk of death or heart failure 
hospitalisation.253 There is an urgent need to investigate 
this matter further and to reduce the time lag between 
symptom onset and hospital presentation in women 
with STEMI.

Although overall STEMI reperfusion rates have 
increased over the past 2 decades and remarkable 
systems of care have been established in most high-
income countries, substantial challenges persist in 
LMICs, and in rural and isolated communities, which 
might especially affect women.254

Initiatives to raise awareness among both women and 
health-care providers about STEMI in women have 
contributed to a reduction in sex-related disparities in 
STEMI care, and should be continued to further mitigate 
adverse outcomes in women. The major goals of STEMI 
care in women include: reducing the time from symptom 
onset to seeking and receiving treatment; providing 
guideline-recommended treatment; and improving 
systems of care in underserved, rural, and isolated 
communities. Further research is needed to investigate 
biological sex differences as underlying reasons for the 
sex-related mortality gap in STEMI.

Young women and acute myocardial infarction
Worrying trends have been seen in young women during 
recent years; data from the USA and Europe documented 
an increase in hospital admissions with acute coronary 
syndrome in women younger than 55 years (21% in 
1995–99 vs 31% in 2010–14; p<0·0001), with a 3·6% mean 
annual increase in STEMI between 2004 and 2014.4,5 
Indeed, studies point to gaps in risk perception and 
discussion among young women. The Variation in 
Recovery: Role of Gender on Outcomes of Young AMI 
Patients study255 showed that women were less likely 
than men to be told they were at risk for heart disease or 
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to have a health-care provider discuss risk modification 
with them before their index event.

Many studies have shown excess mortality and higher 
risk for adverse outcomes in young women with 
myocardial infarction compared with similarly aged 
men. An early study found that in patients younger than 
50 years, the mortality rate during hospitalisation 
because of myocardial infarction was more than twice as 
high for women as it was for men.249 This difference in 
mortality rates decreased with increasing age, and was 
no longer significant after the age of 74 years. Limita
tions of this study include the fact that it predates the era 
of routine invasive management, and also it did not 
differentiate between STEMI and non-ST-segment 
elevation myocardial infarction. STEMI and non-ST-
segment elevation acute coronary syndrome differ 
considerably in treatment strategies and outcomes, so it 
might be useful to analyse them separately. Although 
prompt revascularisation is key for the improvement of 
outcomes in STEMI, in non-ST-segment elevation acute 
coronary syndrome, treatment strategy decisions are 
dependent on clinical presentation and risk assessment. 
Although studies found that women with non-ST segment 
acute coronary syndrome generally have similar or 
decreased adjusted mortality risk when compared with 
men,256–258 an analysis investigating the relationship 
between age, sex, and type of myocardial infarction found 
excess mortality in young women regardless of the type 
of myocardial infarction, and a survival benefit for older 
women with non-ST-segment elevation myocardial 
infarction compared with their male counterparts.259 
Studies that only included patients with ST-elevation 
myocardial infarction confirmed an excess mortality 
risk in women younger than 60 years247 and 55260 years. A 
high prevalence of diabetes, obesity, and other risk 
factors has been documented and might have a 
pathophysiological role in the occurrence of myocardial 
infarction in young women and in the associated excess 
mortality risk.261 A small study of young (≤61 years) 
patients hospitalised within the previous 8 months with 
myocardial infarction found that compared with men, 
women had lower income and education, and higher 
amounts of depression, post-traumatic stress disorder, 
and perceived stress.262 The women in this study 
population had twice the risk of developing mental 
stress-induced myocardial ischaemia compared with 
men. An aspect worth further investigation was derived 
from a prospective observational cohort study in young 
patients hospitalised for acute coronary syndrome. 
This study suggested that roles and personality traits 
traditionally associated with female gender were 
predictors of increased risk of recurrent major adverse 
cardiac events, independent of patient sex.263 Further 
research is urgently needed to investigate these and 
other sex and gender-related factors to improve cardio
vascular disease risk assessment, prevention, and 
treatment in young women. Education of health-care 

providers and of women themselves is needed to tackle 
the general underestimation of cardiovascular risk in 
women, especially in young women. Early detection and 
treatment of established and emerging cardiovascular 
risk factors is key to addressing the increasing burden 
of cardiovascular disease in young women.

Heart failure
Chronic heart failure
Even though the overall incidence of heart failure is 
similar for women and men, pronounced sex differences 
are seen in specific heart failure phenotypes (eg, heart 
failure with preserved ejection fraction vs heart failure 
with reduced ejection fraction; ischaemic vs non-
ischaemic cardiomyopathy; takotsubo syndrome; and 
peripartum cardiomyopathy).264,265 Women are strikingly 
over-represented among patients with heart failure with 
preserved ejection fraction, especially in the oldest age 
categories.266,267 By contrast, men are at higher risk of 
heart failure with reduced ejection fraction.268 In the USA, 
women outnumber men by around 2:1 among patients 
with incident heart failure with preserved ejection 
fraction. Epidemiological data for 2762 incident heart 
failure cases occurring between 2000 and 2010 showed 
an increase in the overall proportion of heart failure with 
preserved ejection fraction relative to heart failure with 
reduced ejection fraction, from 48% in 2000–03 
to 52% in 2008–10.267 At the same time, the incidence of 
heart failure with reduced ejection fraction decreased 
more sharply than it did for heart failure with pre
served ejection fraction in women (−61% in 2000 vs 
−27% in 2010), but not in men (−29% in 2000 vs 
−27% in 2010).267 A population-based study from the UK 
investigating heart failure outcomes between 1998 
and 2017 saw worrying trends in women, with faster 
increases in rates of admission to hospital because of 
heart failure and slower decreases in mortality than in 
men.269 The study authors hypothesised that these 
patterns probably reflected worsening severity of heart 
failure or an absence of effective therapies for heart 
failure in women compared with men, because of the 
increased prevalence of heart failure with preserved 
ejection fraction.269 Although there are multiple drug and 
device therapies for the treatment of heart failure with 
reduced ejection fraction, there are none approved for 
heart failure with preserved ejection fraction.

Several risk factors are prevalent among women with 
heart failure, including hypertension, which triples heart 
failure risk.270 Studies found that the excess risk of heart 
failure associated with diabetes is greater in women than 
in men,271 and obesity is a stronger risk factor for heart 
failure with preserved ejection fraction than for heart 
failure with reduced ejection fraction, especially in 
women, and the risk of heart failure with preserved 
ejection fraction associated with hypertension and 
obesity is more pronounced in women who are African 
American than are White.272,273
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Morbidity for heart failure is high, mainly owing to a 
high symptom burden and frequent hospitalisations, 
and 5-year survival was 44% according to a UK analysis 
published in 2019.274 Women with heart failure were 
also found to have a more impaired quality of life, or 
higher incidence of depression, or both, compared with 
men.275,276 Although the prognosis of patients with heart 
failure with reduced ejection fraction has improved over 
time, the alarming fact remains that up to now no 
treatments have been found to improve the prognosis of 
patients with heart failure with preserved ejection 
fraction.

Pharmacotherapy for heart failure
Many therapies have been investigated and proven to be 
effective in patients with heart failure with reduced 
ejection fraction. Angiotensin-converting enzyme inhibi
tors, angiotensin II receptor blockers, β blockers, 
mineralocorticoid receptor antagonists, and angiotensin 
receptor neprilysin form the cornerstone of heart failure 
with reduced ejection fraction medical therapies.277,278 In 
addition, SGLT2 inhibitors reduce the risk of worsening 
heart failure or death from cardiovascular causes.279,280 The 
efficacy of these drugs was shown in large randomised 
controlled trials, in which women were largely under-
represented (20–25% of the participants). Although 
analyses of pooled patient-level data have found consistent 
benefits of various heart failure therapies for women and 
men,281,282 large, statistically powered clinical trials are 
needed to confirm benefits in both sexes for key 
outcomes. Sex differences in pharmacokinetics and 
pharmacodynamics are currently not considered in the 
guidelines, which recommend up-titration to target doses 
that are similar in both men and women. However, in 
some studies, β blockers showed greater pharmacodynamic 
effects in women, resulting in a larger decrease in heart 
rate and blood pressure, compared with men on similar 
doses.283,284 The optimal doses for heart failure therapies in 
men and women with heart failure with reduced ejection 
fraction were studied in the BIOlogy Study to Tailored 
Treatment in Chronic Heart Failure,285 a prospective, 
multinational, European heart failure cohort, and the 
Asian Sudden Cardiac Death in Heart Failure registry,285 a 
prospective multinational Asian heart failure cohort. In 
both the European and the Asian cohorts, women with 
heart failure with reduced ejection fraction had the lowest 
risk of death or hospitalisation for heart failure if taking 
β blockers plus either angiotensin-converting enzyme 
inhibitors or angiotensin II receptor blockers, all at 
half the guideline-recommended doses, with no further 
decrease in risk with taking the full doses.285 These findings 
could have important implications for sex-specific target 
doses in heart failure and should be validated in 
prospective, sex-specific dose-finding studies.

By contrast, therapeutic approaches for heart failure 
with preserved ejection fraction are restricted to treating 
underlying comorbidities, such as hypertension. An 

important finding published in 2020 comes from the 
sub-analysis on sex differences in the PARAGON-HF 
trial,286 which compared sacubitril–valsartan versus 
valsartan in patients with heart failure with preserved 
ejection fraction. In women, sacubitril–valsartan was 
more effective than valsartan in reducing the composite 
endpoint of heart failure hospitalisation or cardiovas
cular death, but in men no difference between treatment 
groups was found, suggesting a significant sex–
treatment interaction. Of note, the beneficial effect in 
women was driven by a reduction in heart failure 
hospitalisation associated with sacubitril–valsartan. The 
effect of treatments for heart failure with preserved 
ejection fraction might differ between women and 
men and should be the target of large prospective 
investigations.

The overwhelming increase in the incidence of heart 
failure with preserved ejection fraction in women, which 
has few therapeutic options, underlines the importance 
of further research in this area and calls for a dedicated 
all-female study on the treatment with sacubitril–
valsartan.

Cardiac resynchronisation therapy
Implantation of biventricular pacemakers, known as 
cardiac resynchronisation therapy, has the potential to 
improve symptoms, morbidity, and mortality in carefully 
selected patients with heart failure.277 Sex-stratified 
evaluation of cardiac resynchronisation therapy has 
repeatedly been suggested to be at least similarly or even 
more beneficial in women than in men.287,288 For 
instance, the MADIT-CRT trial289,290 found that cardiac 
resynchronisation therapy had greater benefits in 
women than in men regarding heart failure symptoms 
and death, and found evidence of reverse left ventricular 
remodelling. Furthermore, women respond to cardiac 
resynchronisation therapy at QRS durations that are 
shorter than in men.291,292 This benefit might be associated 
with smaller body and heart size in women.

According to an analysis from the Swedish Heart 
Failure Registry, cardiac resynchronisation therapy was 
similarly underused in both women and men.293 By 
contrast, an analysis of data from the AHA’s Get With 
The Guidelines—Heart Failure quality initiative pro
gramme found that eligible women were less likely to 
receive a cardiac resynchronisation therapy compared 
with their male counterparts in recent study periods 
(2008–11 and 2012–14).294

Cardiac resynchronisation therapy is known to reduce 
morbidity and mortality in selected patients with heart 
failure and might be offered to women less often than 
to men, although evidence suggests it provides more 
beneficial effects in women than in men.290,294 Adequately 
powered randomised controlled trials are needed to 
evaluate sex-specific outcomes associated with resyn
chronisation therapy to improve outcomes in women with 
heart failure.

For more on the AHA’s Get With 
The Guidelines—Heart Failure 
programme see https://www.

heart.org/en/professional/
quality-improvement/get-with-

the-guidelines/get-with-the-
guidelines-heart-failure

https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-heart-failure
https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-heart-failure
https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-heart-failure
https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-heart-failure
https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-heart-failure
https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-heart-failure
https://www.heart.org/en/professional/quality-improvement/get-with-the-guidelines/get-with-the-guidelines-heart-failure
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Acute heart failure and cardiogenic shock
Cardiogenic shock is the leading cause of death in 
patients with acute myocardial infarction. Studies have 
found that women are more susceptible than men to 
cardiogenic shock after acute coronary syndrome.249,252 
Women are also more likely than men to have mech
anical complications such as ventricular septal rupture 
(7·7% vs 3·5%, p=0·003) and severe mitral regurgitation 
(11·4% vs 7·1%, p=0·014),295 which might also contribute 
to the increased risk of cardiogenic shock.

Early revascularisation has been shown to significantly 
reduce short-term mortality due to cardiogenic shock in 
both women and men.295,296 An analysis of data from 
the Should We Emergently Revascularise Occluded 
Coronaries for Cardiogenic Shock registry, showed no 
significant difference between women and men for in-
hospital mortality (63·4% vs 59·3%, OR 1·16, 95% CI 
0·87–1·55; p=0·25) in patients presenting with cardio
genic shock in the setting of acute myocardial infarction, 
after adjustment for differences in patient demographics 
and treatment approaches.295 Conversely, a report from 
the International Survey of Acute Coronary Syndromes 
in Transitional Countries registry297 published in 2019 
found that compared with men, women were more 
susceptible to de-novo heart failure after STEMI and 
remained at higher risk of 30-day mortality, even if 
analysis was restricted to patients undergoing primary 
percutaneous coronary intervention. The report authors 
concluded that women’s increased risk of developing 
de-novo heart failure and the associated worse survival 
compared with men were key features that explain the 
sex-related mortality gap after STEMI. Conversely, the 
absence of a sex-related mortality gap in non-ST-
segment elevation acute coronary syndrome might be 
related to the generally lower occurrence of cardiogenic 
shock and heart failure in non-ST-elevation acute 
coronary syndrome than in STEMI, mostly owing to 
low occurrence of cardiogenic shock in patients with 
unstable angina.297–299

Data suggest that the early percutaneous placement 
of a mechanical ventricular support device in acute 
myocardial infarction complicated by cardiogenic shock 
might improve survival in women compared with men. 
The Impella 2·5 (Abiomed, Danvers, MA, USA) is a 
miniaturised, catheter-based, intravascular blood pump 
that supports the circulatory system. An analysis of data 
from the Catheter-based Ventricular Assist Device 
Registry (180 patients, 27·2% women) reported that the 
survival benefit of implanting an Impella 2·5 pre versus 
post percutaneous coronary intervention was greater in 
women than in men, but the interaction between patient 
sex and timing of implantation was not significant 
(p=0·07).300 Women were also as likely as men to survive to 
hospital discharge despite being older (71·0 [SD 12·8] 
years vs 63·8 [13·0]; p=0·001) and having higher Society 
of Thoracic Surgeons mortality scores (27·9 [17·0] vs 
20·8 [16·8]; p=0·01). No differences in bleeding rates 

were seen between the sexes.300 These data suggest a 
potential benefit of early haemodynamic stabilisation in 
women, but this warrants further investigation and 
underscores the need for increasing the representation of 
women in clinical studies addressing the management of 
cardiogenic shock.

Takotsubo syndrome
Takotsubo syndrome is a syndrome of acute and 
reversible left ventricular systolic dysfunction. Patients 
usually present with chest pain and electrocardiographic 
changes characteristic of acute coronary syndrome 
(including ST elevation on electrocardiogram), but 
without angiographically obstructive coronary artery 
disease, and characteristically have reversible left 
ventricle apical ballooning. The global improvements in 
triaging and rapid transportation of patients with 
symptoms of acute coronary syndrome to the catheter 
laboratory have led to increasing recognition of the 
phenomenon, which is estimated to account for 1–2% of 
all patients,301 but up to 7·5% of female patients,302,303 
with acute coronary syndrome presentation. Takotsubo 
syndrome occurs almost exclusively in women and is 
often triggered by emotional or physical stress. More 
than 90% of reported cases occur in postmenopausal 
women who are aged 58–75 years.304,305 Enhanced symp
athetic activity is thought to be crucial to Takotsubo syn
drome with elevated concentrations of catecholamines 
documented in patients with the condition.304,305

Diagnosis typically requires echocardiogram, troponin 
concentration, coronary angiography, and serial assess
ment of systolic left ventricular function. Cardiovascular 
MRI, if available, can also be helpful.306 Despite the 
rapid recovery of left ventricular function, the incidence 
of complications is substantial. In the International 
Takotsubo Registry,307 21·8% of patients had a combined 
endpoint of serious in-hospital complications (ie, death, 
ventricular tachycardia, ventricular thrombus, or 
ventricular rupture) at rates equal to or higher than 
most patients with acute coronary syndrome. Cardiac 
arrest has been estimated to occur in 5·9% of patients 
with takotsubo syndrome;308 mortality from any cause is 
reported at 5·6% per patient-year, and major adverse 
cardiovascular events are reported at 9·9% per patient-
year.309 Patients are typically managed as per acute 
coronary syndrome pathways, with supportive care for 
haemodynamic and electrical instability, but with 
minimisation of catecholamines and consideration of 
intravenous levosimendan or mechanical support.306,310,311 
The use of angiotensin-converting enzyme inhibitors 
has been associated with improved survival at 1 year, 
with no associated benefit seen with the use of 
β blockers.309

Peripartum cardiomyopathy
Peripartum cardiomyopathy is defined as an idiopathic 
pregnancy-related left ventricular dysfunction, diagnosed 
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at the end of pregnancy or in the months after delivery, 
without any other identifiable cause.312 Peripartum 
cardiomyopathy is a transglobal occurrence, although 
incidence varies by geography and incidence data are 
incomplete. A review of the worldwide incidence of 
peripartum cardiomyopathy found the highest incidence 
in Africa (from 1:100 to 1:1000 births), followed by 
Haiti (1:300), and Pakistan (1:840).313,314 Estimated 
incidence in the USA is reported to be between 1:1000 
and 1:4000 births,315,316 with the highest incidence among 
African American women (>40%) and the lowest among 
Hispanic women.316 Incidence appears to be rising, 
possibly because of increased awareness and diagnosis, 
rising maternal age, changing demographics, and rising 
numbers of multiple gestation pregnancies.316

The precise mechanisms resulting in peripartum 
cardiomyopathy remain undefined, and further research 
on the pathophysiology of this disease is urgently needed.

Although patients typically present with symptoms and 
signs of heart failure, there is an overlap with symptoms 
of normal pregnancy; clinicians might therefore fail to 
recognise peripartum cardiomyopathy, or diagnose the 
condition late in the clinical course. The potential 
complications and consequences of missed or late 
diagnosis include cardiogenic shock, thromboembolism, 
and arrhythmias.317

Few studies have specifically focused on management 
approaches in peripartum cardiomyopathy; therefore, 
management recommendations are based on expert 
consensus opinion and extrapolated from other forms of 
heart failure. Although many heart failure therapies are 
contraindicated during pregnancy, most heart failure 
agents can be used post partum according to standard 
heart failure guideline recommendations.277 On the 
basis of sparse data suggesting beneficial effects of 
bromocriptin,318–320 the ESC gives a weak recommendation 
(class IIb, level of evidence B) for considering bromo
criptine treatment,319 although in the USA, bromocriptine 
is regarded as an experimental treatment.321 Data from 
adequately powered randomised controlled trials are 
urgently needed to evaluate the risk and benefit of 
this medication. Inotropic support (eg, dopamine, 
dobutamine, levosimendan, or milrinone) could be 
considered in patients with severe hypotension or signs 
of cardiogenic shock. However, in a small study of 
27 patients, seven participants who were treated with 
dobutamine had a worse outcome than patients who did 
not receive dobutamine, and therefore it cannot be 
excluded that catecholamines might aggravate myocardial 
damage.322 Temporary circulatory support (with intra-
aortic balloon pump, Impella, or extracorporeal mem
brane oxygenation) has been used successfully in patients 
with peripartum cardiomyopathy and cardiogenic shock, 
and should be considered early in patients with 
haemodynamic instability despite inotropic support.321,323

In patients with severely reduced left ventricular ejection 
fraction, New York Heart Association classification class III 

or IV patients are discouraged from breastfeeding, to avoid 
high metabolic demand and enable early optimal heart 
failure treatment.318,324 Additionally, future pregnancies are 
precluded because of the increased morbidity and mortality 
risk with subsequent pregnancies, especially in women 
with persistent left ventricular dysfunction.325–327

Prospective data suggest that left ventricular function 
typically improves within 6 months to 5 years for the 
majority of peripartum cardiomyopathy patients on 
standard medical therapy, although a substantial 
proportion of women can have major events or persistent 
severe cardiomyopathy.328 A systematic review and meta-
analysis published in 2019 reported mortality as high 
as 9% (14% in LMICs vs 4% in high-income countries).329

Peripartum cardiomyopathy is an important cause of 
maternal death that is under-recognised and seldom 
recorded as a cause of maternal death. An interdisciplinary 
approach to managing this condition is essential, and 
global collaboration between specialised centres is crucial 
to investigate pathophysiology, prognosis, diagnosis, and 
treatment.

Mechanical circulatory support devices
In patients with severely symptomatic end-stage heart 
failure, mechanical circulatory support devices should be 
considered in both the acute and chronic setting as a 
bridge to transplantation, a bridge to recovery, or as 
destination therapy.277,278 To now, the majority (approxi
mately 80%) of these devices have been implanted in 
men, because a smaller body surface area in women is 
of concern and a suspected contributor to higher 
complication rates.330 However, techniques are improving, 
and devices are getting smaller than the earlier versions, 
and at least one analysis found that continuous-flow left 
ventricular assist devices were associated with similar 
survival rates for patients with a body surface area equal 
to or lower than 1·5 m² (68% women) and patients with 
an area higher than 1·5 m² (20% women).331 Data from 
the same registry found that treatment with a continuous-
flow left ventricular assist device showed a better survival 
benefit in women with peripartum cardiomyopathy than 
in women with other causes of advanced heart failure.332 
However, the survival benefit was likely to be related to 
younger age and lower rates of comorbidities in the study 
group with peripartum cardiomyopathy.332

Further research and robust outcomes data on 
mechanical circulatory support devices for various 
clinical indications in women are urgently needed.

Heart transplantation
Heart transplantation is an option for patients with 
end-stage heart failure fulfilling specific eligibility 
criteria.277 Although no randomised controlled trials 
exist, there is consensus that heart transplantation, 
when eligibility criteria are met, markedly increases 
survival, exercise capacity, and quality of life compared 
with conventional treatment.277 However, this therapy 
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requires a multidisciplinary team in centres of 
excellence and an ample supply of organ donations, 
which are not widely available, especially in LMICs in 
which these resources are desperately needed. 
Importantly, women are far less likely than men to be 
considered eligible for transplantation and represent 
only 25% of heart transplantations.333 Post-transplanta
tion data show that women have a slightly better 
prognosis than men, with a median survival of 
12·2 years, compared with 11·4 years for men.333 
Although sex-matched transplants are associated with 
better outcomes for both women and men, and sex-
mismatched transplants and oversizing or undersizing 
of the transplanted heart appear to be important 
prognostic factors, observed sex differences in the 
transplantation field are not yet fully understood.333,334

Arrhythmia
Sex differences in electrophysiology
Distinct electrophysiological parameters increase the risk 
of life-threatening arrhythmia in women. Cellular electro
physiological sex differences have been seen for the action 
potential sodium, calcium, and potassium currents, 
which affect both depolarisation and repolarisation. Many 
studies come from animal research, in which the ion 
currents affecting repolarisation have been fairly well 
established as showing sex differences. The causes of 
these differences are not well understood, although 
female ventricular myocytes are smaller and contract 
more slowly than male myocytes do.335–338 Women are 
known to be at greater risk for sudden arrhythmic death 
in the heritable long QT2 syndrome (KCNH2 gene),339–341 
and at higher risk for drug-related proarrhythmia from 
medications that block the delayed rectifier potassium 
current in the cardiomyocyte channel.342 Such medications 
don’t only include antiarrhythmic drugs, but also other 
cardiovascular and non-cardiovascular medications, such 
as medications used to treat depression and other mental 
illnesses, antimicrobials, antifungals, antihistamines, and 
opiate blockers (eg, methadone). Another example is 
hydroxychloroquine, which has widely been used in 
combination with azithromycin in the treatment of 
patients with COVID-19 during the early phase of the 
pandemic. Health-care providers might be unaware of 
these risks and might not consider drug–drug interactions, 
which could heighten the risk of QT prolongation and 
ventricular tachyarrhythmia, especially in women.343,344

Ventricular tachyarrhythmia and sudden cardiac death
Sudden cardiac death is defined as a sudden collapse 
without spontaneous pulse or respirations, occurring 
within 1 h of a stable clinical status, and which is not due 
to non-cardiac causes. Sudden cardiac death is a major 
public health problem with wide global incidence, 
although sex-specific estimates vary depending on data 
sources. In the USA (in which estimates are limited 
by non-mandatory reporting, inadequate reporting, 

differences in definitions, and scant autopsy data345) there 
were an estimated 366 494 cases in 2016, with approxi
mately 178 823 (48·8%) occurring in women.264 The 
documented overall decline in the incidence of sudden 
cardiac deaths has been less pronounced among women 
than men.346 An earlier study even documented an 
increase in sudden cardiac death in young women.347 The 
potential years of life lost because of sudden cardiac death 
in women is higher than for any individual cancer in 
women or for other causes of death in women,348 and 
sudden cardiac death contributes substantially to mortality 
in women with and without coronary artery disease.

Although coronary artery disease is the most common 
cause of sudden cardiac death,349 sudden cardiac death 
appears to occur more often in women than in men, and 
in patients without obstructive coronary artery disease350 
or with a non-ischaemic cause,351 making well established 
modifiable cardiovascular risk factors less sufficient 
predictors in women. Women have less ventricular 
tachycardia or ventricular fibrillation documented as the 
first rhythm identified (19·4% women vs 26·7% men), 
which reduces the likelihood of survival compared with 
men.352 Data are inconsistent with regard to outcomes in 
women compared with men;353 nevertheless, women are 
less likely to have sudden cardiac arrest that is witnessed 
by a bystander and are more likely to have a sudden 
cardiac arrest at home, reducing the potential for iden
tifying and treating a shockable rhythm and contributing 
to poorer outcomes.352,354 Even when out-of-hospital 
cardiac arrest is witnessed, bystander resuscitation is 
done less often in women than in men (69·2% vs 73·9%; 
p<0·001).355

Implantable cardioverter defibrillator therapy is indi
cated to prevent death from ventricular tachyarrhythmia. 
However, women have largely been under-represented 
in randomised clinical trials356 that have identified 
appropriate candidates (16–29%), and subgroup 
analyses on sex differences were therefore limited by 
the small sample sizes. A meta-analysis of randomised 
controlled trials did not show any mortality benefit in 
women,357 whereas analyses of observational and 
registry data found similar benefits in women and men 
treated with implantable cardioverter-defibrillator 
therapy for primary,358 and primary or secondary, 
prevention of sudden cardiac death.359 Another analysis 
from registry data showed that implantable cardioverter 
defibrillators were less likely to deliver appropriate 
therapies, and also had a greater risk of complications, 
in women than in men.360 Robust data are urgently 
needed to evaluate the risk–benefit ratio of implantable 
cardioverter-defibrillator therapy in women. Currently 
women meeting criteria for indicated implantable 
cardioverter defibrillator therapy should be considered 
equally to men for these life-saving therapies,361,362 
although data suggest that eligible women are less 
likely to be referred for implantable cardioverter-
defibrillator therapy than their male counterparts.359
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Atrial fibrillation
Atrial fibrillation is a global disease and the most com
monly diagnosed cardiac arrhythmia, with prevalence 
increasing. Globally, it is estimated by GBD data1 
from the Institute for Health Metrics and Evaluation 
that 29·4 (95% UI 22·4–37·3) million women have atrial 
fibrillation; however, this is likely to be an underestimation.

Although atrial fibrillation incidence is higher among 
men than women, the estimated lifetime risk of atrial 
fibrillation is similar for both because of women’s longer 
life expectancy. Lifetime atrial fibrillation risk for women 
in North America and Europe is 23·0% at age 40 years, 
and 22·2% at age 55 years.363,364 Lifetime risk of atrial 
fibrillation for women in China was found to be 21·1% at 
age 55 years, which was higher than for men of the 
same age (16·7%).365 Overall, women with atrial fibril
lation are older than men, with the majority (74%) aged 
70 years or older.

Structural properties such as atrial cardiomyocyte 
changes, fibrosis, mixed cardiomyocyte changes and 
fibrosis, or non-collagen infiltration can account for atrial 
myopathy and atrial fibrillation progression in women.366 
Other factors seen to affect the atrium include 
inflammation and primary atrial amyloid. The latter is 
known to be associated with age and female sex.367 In an 
MRI study of 908 patients (34·8% women) with atrial 
fibrillation, both older age and female sex were 
independent predictors of atrial fibrosis, which has been 
shown to be associated with elevated stroke risk.368 
Globally, women with atrial fibrillation have higher 
prevalence of hypertension, valvular heart disease, and 
increased body-mass index than men. The consequences 
of atrial fibrillation include premature death, stroke, 
heart failure, and diminished quality of life. Studies 
found that morbidity and mortality associated with atrial 
fibrillation are higher in women compared with men, 
even after adjustment for baseline risk.369,370 These shifts 
in atrial fibrillation epidemiology and population 
attributable risks warrant investigation as part of a 
strategy to reduce morbidity and mortality associated 
with atrial fibrillation in women.

Medication and catheter ablation for atrial fibrillation: rate and 
rhythm control
Heart rate and rhythm control are pivotal to reducing 
symptoms related to atrial fibrillation and to preventing 
tachycardia-induced cardiomyopathy, although few 
studies have been powered to investigate sex-specific 
outcomes for these strategies. Subgroup analyses in the 
AFFIRM trial371 investigated outcomes of rate versus 
rhythm control and reported no sex-specific differences 
in mortality between treatment with antiarrhythmic 
drugs and treatment with rate control drugs. During the 
past 15 years, catheter ablation with isolation of the 
pulmonary veins, with or without additional ablation 
strategies, has emerged as an alternative to antiarrhythmic 
drugs for the reduction of recurrent atrial fibrillation. For 

instance, the CASTLE-AF trial372 showed that catheter 
ablation was associated with a reduction in all-cause and 
cardiovascular mortality when compared with standard 
medical therapy (rate or rhythm control). The sex-specific 
subgroup analysis on the primary endpoint of all-cause 
mortality or heart failure hospitalisation found no 
significant interaction between sex and randomised 
treatment assignment. Subsequently, the larger 
CABANA trial373,374 did not show a reduction in all-cause 
mortality associated with catheter ablation compared 
with medical therapy (rate or rhythm control), but did 
show a significant reduction in the combined endpoint 
of death or cardiovascular hospitalisation, and for atrial 
fibrillation recurrence, associated with catheter ablation 
compared with medical therapy (rate or rhythm control), 
with no significant differences in treatment effects 
between women and men for all these outcomes. Of 
note, the prespecified per-protocol sensitivity analysis 
showed a significant reduction in all-cause mortality for 
patients who received ablation within 12 months of 
random allocation. Although no interaction between sex 
and treatment strategies were shown, the small sample 
sizes of the sex-specific subgroup analyses do not 
allow for any definitive conclusion with regards to the 
benefits of these therapies in women. The marked uptake 
overall in atrial fibrillation ablation has been much 
less pronounced in women, and women receive this 
treatment at a higher age compared with men.375,376 
Sex-specific research in this field is needed to provide the 
best possible care for women with atrial fibrillation.

Stroke prevention in atrial fibrillation
It is well established that women with atrial fibrillation 
have a higher stroke risk than men do.377,378 Analyses of 
registry data also suggest that strokes related to atrial 
fibrillation are more severe in women than they are 
in men.379 As a result, stroke prediction, the use of risk 
calculators (eg, CHA2DS2VASC score for prediction of 
stroke risk or the SAMeRT2R2 score for prediction of 
international normalised ratio control with a vitamin K 
antagonist), and the use of anticoagulants for stroke 
prevention are crucial.380–382 Direct oral anticoagulants 
have a favourable risk–benefit profile compared with 
warfarin, and analyses have shown that direct oral 
anticoagulants have similar efficacy and safety in women 
and in men.383 Nevertheless, direct oral anticoagulants 
need to be adjusted for renal insufficiency, which can 
contraindicate use of these agents in older women, who 
often have chronic kidney disease. Despite the availability 
of therapies with demonstrable efficacy and safety, 
globally women with atrial fibrillation are less likely to be 
prescribed oral anticoagulants than men.384 As women 
with atrial fibrillation are older and have multiple 
comorbidities, they are also at risk of bleeding with oral 
anticoagulants (panel 3). Such characteristics lead to 
undertreatment of patients with atrial fibrillation, 
especially women, and expose them to risk of stroke. 
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Left atrial appendage occlusion is considered an option 
for patients who cannot take warfarin safely and 
have a contraindication for direct oral anticoagulants. 
Several devices are available in North America and 
Europe, including the WATCHMAN (Boston Scientific, 
Marlborough, MA, USA), AMPLATZER (Abbott, 
Plymouth, MN, USA), and LARIAT (SentreHEART, 
Redwood City, CA, USA) devices. However, women are 
under-represented in left atrial appendage occlusion 
device studies.385–388 Large randomised trials (eg, CATALYST 
[NCT04226547], CHAMPION-AF [NCT04394546] and 
OPTION [NCT03795298]) have been initiated to compare 
left atrial appendage occlusion versus non-vitamin K 
antagonist oral anticoagulants in patients with a standard 
risk of bleeding, and it will be pertinent to do sex-specific 
analyses in these studies to delineate benefits for women.

Atrial fibrillation is an important underlying cause of 
stroke in women, yet many women are not diagnosed or 
treated for atrial fibrillation. This disparity contributes to 
morbidity and mortality of women globally and should 
be addressed with large-scale studies. The Heartline 
study will investigate whether the use of new technology 
such as health apps on mobile devices is capable of 
reducing stroke risk by detecting atrial fibrillation earlier. 
The Heartline study plans to enrol large numbers of 
patients older than 65 years to further evaluate this 
important issue. The Apple heart study389 showed the 
ability to include patients in a timely way in a large-scale 
study. This Commission endorses the use of technology-
based diagnostic tools to reach out to an increasingly 
broad and inclusive population to identify atrial fibril
lation and deploy treatment options for patients at risk 
for ischaemic stroke.

Vascular disease
Stroke
Ischaemic stroke is the second most common cause of 
cardiovascular disease death in women worldwide, and 
the number one cause of cardiovascular disease death in 
women in southeast Asia and high-income Asia-Pacific.390 
Data from the 2019 US Heart Disease and Stroke 
Statistics showed that 58·2% of total stroke deaths 
occurred in women.264 Although women have a lower 
age-adjusted stroke incidence than men, they have a 
higher lifetime stroke risk. Stroke incidence seems to be 
affected by age and race, with higher stroke incidence in 
women aged 25–34 compared with similarly aged men, 
and higher stroke prevalence with increasing age; at age 
85 years or older, stroke occurs in around 3 times as 
many Black women as Black men, and in twice as many 
White women as White men.391,392 In countries with a 
rapidly ageing population, stroke effect on women is 
likely to increase.391 Projected data from the US Census 
Bureau suggest an increase of excess stroke deaths in 
women from 32 000 in 2000 to nearly 68 000 in 2050.391

Although accurate data collection in women with 
stroke is very much missing, especially in countries at 

the earlier stages of industrialisation and economic 
development, a review of data from studies worldwide 
suggests a sex-related gap in access to treatment 
and care.393 Sex-related differences have also been 
documented in diagnostic and treatment procedures for 
stroke. For instance, a European study found that after 
adjusting for age, women were less likely to receive 
brain imaging, carotid ultrasound, and echocardiograms 
than men were.394 Also, women were less likely to 
receive alteplase than men, even after adjustment for 
factors including age.391,395,396

Advanced age has been identified as one of the major 
drivers of higher mortality, but pre-stroke functional 
limitations and stroke severity also contribute to worse 
survival and functional outcomes in women than in 
men.397 For example, analysis of data on 4228 first-stroke 
cases from the International Stroke Outcomes Study398 
found lower pooled health-related quality of life after 
stroke in women than in men. Depression in women is 
an additional factor to consider in post-stroke outcomes. 
Before stroke, women are more likely than men to have 
pre-existing depression that increases risk of stroke and 
is associated with increased morbidity and mortality 
after stroke.399,400 Women who have a stroke are also 
more likely to live alone than men, which reduces their 
chance of returning home and back into their 
community, which could increase their social isolation 
and decrease recovery after stroke.401

Data from the UK Biobank showed that hypertension 
was more strongly associated with the risk of any stroke 
and stroke subtypes in women than in men.402 Preven
tive measures with early diagnosis and treatment of 

Panel 3:  Women and the increased risk of bleeding  

Treatment of cardiovascular disease is often associated with the administration of 
antithrombotic, or anticoagulant therapies, or both. Examples include dual antiplatelet 
therapy after acute coronary syndrome, or stent implantation, or both, intravenous 
anticoagulation during interventional or surgical procedures for coronary artery or 
valvular heart disease, and oral anticoagulants for the prevention of stroke in atrial 
fibrillation or valvular thrombosis and thromboembolism after mechanical valve 
replacement. Higher risk of bleeding in women than men associated with these therapies 
has been reported throughout the literature. In addition, significant mortality risk has 
been associated with these bleeding events. Underlying reasons for the increased risk of 
bleeding in women compared with men include older age and higher prevalence of 
comorbidities at presentation with cardiovascular disease. However, inherent sex-related 
factors might also have a role. Although evidence increasingly indicates that 
pharmacodynamics differ between women and men, anticoagulation and antiplatelet 
doses are rarely sex-specific. These undifferentiated doses might be implicated in higher 
bleeding complications and suggest that dose should be adapted to suit women-specific 
pharmacodynamic profiles. In addition, the use of strategies such as radial artery access 
for percutaneous coronary intervention has been shown to significantly reduce bleeding 
and mortality, especially in women. Although the evidence base clearly supports routine 
radial access in women, a slower uptake of radial access has been documented in women 
than in men. Further effort is needed to improve bleeding avoidance strategies, and to 
ensure their implementation in women with cardiovascular disease.

For more on the Heartline study 
see https://www.heartline.com/

https://www.heartline.com/
https://www.heartline.com/
https://www.heartline.com/
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hypertension and elevated cholesterol should be 
implemented across the globe to reduce mortality due to 
stroke in women. Comprehensive data collection is also 
needed, to identify and address sex-related gaps in access 
to health care worldwide. Rehabilitation programmes 
that are more effective and which have been tailored 
for women might reduce sex-related differences in 
functional limitations and quality of life after stroke.

Dementia
Vascular dementia caused by cerebrovascular disease or 
impaired cerebrovascular blood flow is the second most 
common form of dementia after Alzheimer’s disease in 
terms of incidence and prevalence.403,404 Dementia overall is 
a growing global health change and affects considerably 
more women than men. More women than men both 
have dementia (27·0 million vs 16·8 million in 2016) and 
die from dementia. Between 1990 and 2016, the number 
of dementia-related deaths increased by 148%, with 
1·5 million (95% UI 1·3 million to 1·8 million) deaths in 
women versus 0·8 million (95% UI 0·7 million to 
1·0 million) deaths in men in 2016.405 Although women 
typically live longer than men, dementia is not an inevitable 
part of ageing, and excess dementia-related deaths are not 
attributable to women’s longer life expectancy. Analysis of 
GBD data405 identified hypertension, obesity, high fasting 
plasma glucose, smoking, and high intake of beverages 
sweetened with sugar as the main risk factors associated 
with dementia. Preventive strategies that identify women 
at higher risk earlier in life and target modifiable metabolic 
risk factors in women might delay vascular dementia and 
should be emphasised.

Peripheral arterial disease
The global prevalence of peripheral arterial disease in 
women is increasing at alarming rates, especially in 
younger women. Worldwide, women represent more than 
half (52·2%) of patients with peripheral arterial disease.406 
Although previous studies have established that peripheral 
arterial disease prevalence increases with age, subsequent 
analyses show a rising proportion of peripheral arterial 
disease among younger women (age <45 years) in 
LMICs.406 In addition to established risk factors such as 
hypertension, diabetes, and smoking, which are more 
prevalent in LMICs, factors like body-mass index of 
30 kg/m² and above and low pulse pressure manifest as 
risk predictors in LMIC patient populations.406 Data from 
the Women’s Health Initiative study407 documented a 
strong dose–response relationship for smoking as a risk 
factor for peripheral arterial disease in women. 
Environmental factors in LMICs (eg, poverty, ongoing 
industrialisation, and a shift towards sedentary lifestyles) 
could also be contributing to higher peripheral arterial 
disease burden in younger women.408,409 Inadequate access 
to health care, a lower physician:patient ratio, low 
awareness among patients and physicians, and social 
barriers might be additional factors that are contributing 

to the rising peripheral arterial disease prevalence and 
mortality trends.

Large studies have established that women are more 
likely than men to be asymptomatic or to present with sex-
specific symptoms, which subsequently increases their risk 
of delayed presentation with critical limb ischaemia.410–412 
Women are also more likely than men to have complica
tions after revascularisation procedures, including higher 
rates of wound infections, periprocedural complications, 
bleeding, and in-hospital mortality,412–416 and African 
American women in particular have higher rates of graft 
failure and limb loss after bypass surgery for limb salvage.417 
Women continue to have higher rates of transfemoral 
amputation, which can result in poor quality of life and 
high economic burden.418

Worldwide, women remain poorly informed about 
peripheral arterial disease risk factors and disease 
modalities.419–421 Representation of women in major 
peripheral arterial disease clinical trials has consistently 
remained at less than 40%, further adding to the dearth 
of sex-specific evidence-based medicine.422 In 2012, the 
AHA released a call to action scientific statement 
addressing these rising concerns about women with 
peripheral arterial disease.423

Allied health-care providers, especially in LMICs, should 
be involved in population screening for peripheral arterial 
disease using quick, easy, and non-invasive tools such as 
ankle–brachial index measurements. These approaches 
can help to increase the probability of establishing a timely 
diagnosis and to ensure patient referral.

Peripheral arterial disease is an indicator of polyvascular 
disease. Further efforts are needed to increase awareness 
of diagnosis and treatment for peripheral arterial disease 
in women. Early diagnosis is crucial to provide optimal 
treatment (eg, intensified risk factor management) and 
to improve cardiovascular outcomes in women.

Valvular heart disease
Valvular heart disease in the USA and Europe is 
recognised primarily as a manifestation of degenerative 
processes associated with ageing. In other parts of the 
world, especially in Oceania, sub-Saharan Africa, and 
south Asia, rheumatic heart disease remains a common 
cause of valvular heart disease.424,425

Calcific aortic stenosis
Valve degeneration due to progressive fibrosis and 
calcification is the most common cause of aortic stenosis 
in women. Without intervention, the prognosis for 
symptomatic aortic stenosis is poor, and mortality is 
high, with an average survival of 2 years.424,426 Although 
prevalence is similar for women and men, there are 
crucial epidemiological differences that have the potential 
to affect outcomes. Women who have surgical aortic 
valve replacement are usually of advanced age and are 
therefore often frail, and have high surgical risk because 
of comorbidities.427
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Transcatheter aortic valve replacement has emerged as 
an alternative treatment for patients with severe, 
symptomatic aortic stenosis. Initially, transcatheter aortic 
valve replacement was only indicated in patients deemed 
too high risk for surgical valve replacement but, 
subsequently, the indication was expanded to lower-
risk populations. Despite older age, worse baseline 
characteristics, and increased vascular and bleeding 
complications during transcatheter aortic valve replace
ment, multiple studies have found higher rates of survival 
at 1 year after transcatheter aortic valve replacement for 
women than for men.428,429 These data reinforce the benefit 
of transcatheter aortic valve replacement for women with 
symptomatic severe aortic stenosis, if they have favourable 
anatomy for this intervention. Although retrospective 
analysis of a medical claims database (43 822 patients 
with aortic stenosis) reported that women were more 
likely to receive transcatheter aortic valve replacement 
than surgical valve replacement compared with men 
(39·8% vs 32·3%), sex disparities were shown to persist 
by the smaller proportion of women who were treated at 
all compared with men (28·7% vs 36·0%).430

This Commission endorses the screening and 
evaluation across all races and ethnicities of all women 
with calcific aortic stenosis, and prompt treatment 
according to guideline recommendations for symp
tomatic and severe aortic stenosis.

Mitral valve disease
The most common type of mitral valve disease requiring 
surgical intervention is mitral regurgitation. Studies 
have shown that women are less likely than men to have 
mitral valve replacement and have worse postoperative 
outcomes.431,432 Women are also less likely to receive 
mitral valve repair. A study in US Medicare beneficiaries 
aged 65 years and older documented lower rates of mitral 
valve repair in women than in men (31·9% vs 44·0%).433 
Compared with US patients matched for age and sex, 
mitral valve repair restored life expectancy for men but 
not for women.433 Potential explanations for these 
findings include worse preoperative characteristics in 
women, including heart failure and other conditions that 
suggest longer-standing mitral valve disease.433 The study 
investigators hypothesised that referral for surgical 
intervention might occur later in the disease course for 
women than for men. A study of 24 977 patients 
(49% women) having isolated mitral valve repair or 
replacement showed that young women (age 40–49 years) 
had 2·5 times higher hospital mortality than their 
male counterparts.434 Authors hypothesised that ovarian 
function in women who were perimenopausal might 
have contributed to the sex–age interaction. Further 
research is warranted to investigate the determinants of 
worse outcomes after mitral valve replacement or repair 
in women across age groups compared with men.

Mitral annular calcification is a degenerative process of 
the mitral annulus, is known to increase with age, and is 

more common in women than in men.435 Patients 
with mitral annular calcification are often older, with 
multiple comorbidities and a high risk of cardiovascular 
death and all-cause mortality.435,436 Transcatheter mitral 
valve replacement using aortic transcatheter heart valves 
has been used to treat symptomatic patients who are not 
candidates for standard mitral valve surgery; however, 
outcomes data are few from retrospective registries 
and one prospective trial (MITRAL).437–441 Women account 
for approximately 70% of the patients enrolled in 
registries, although it is unclear whether the higher 
proportion of women enrolled results from a greater 
prevalence of mitral annular calcification among women 
or from women being less likely to be considered as 
surgical candidates because of high risk. Although 
outcomes have improved, owing to better patient 
selection and interventions to decrease the risk of left 
ventricular outflow tract obstruction, further clinical 
trials are needed to define the best transcatheter 
treatment strategy for women with mitral annular 
calcification.

Rheumatic heart disease
An entirely preventable condition, rheumatic heart 
disease is the most common cause of heart failure in 
children, adolescents, and young adults worldwide,442,443 
with the highest prevalence occurring in women of 
childbearing age.444 Acute rheumatic fever is an 
autoimmune response to Streptococcus pyogenes (group A 
streptococcus) that initiates a cascade of carditis, valvulitis, 
and ultimately permanent heart valve damage and 
sequelae.445 Although rheumatic heart disease has been 
largely eradicated in high-income countries, prevalence 
remains high in regions and populations that are 
marked by poverty and economic disadvantage. This 
shift in the distribution of burden has led to neglect by 
cardiovascular, infectious disease, and public health 
agendas. Currently, Africa, southeast Asia, and the 
western Pacific represent 84% of rheumatic heart disease 
prevalence and more than 80% of estimated mortality.425 
Prevalence is especially high among women,446,447 for 
whom the risk of developing rheumatic heart disease is 
1·6–2·0 times higher than for men. Research attributes 
higher risk to socioeconomic and environmental factors 
(eg, overcrowding) and sex-specific factors that include 
pregnancy, exposure to S pyogenes through childrearing, 
inadequate access to health care, and genetics.445,448–450 The 
effect of rheumatic heart disease on women is of 
paramount concern, especially among women in their 
childbearing years, in whom the morbidity and mortality 
burden is high. Pregnancy represents a critical period 
for women in the context of rheumatic heart disease and 
is discussed in the pregnancy and rheumatic heart 
disease section.

Measures should continue and be reinforced to raise 
both awareness about rheumatic heart disease and 
political incentives to address its implications, as part of 



The Lancet Commissions

30	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

an integrated rheumatic heart disease prevention and 
control programme that targets women in LMICs.451,452

Cardiovascular disease and pregnancy
Worldwide, 80–90% of women have at least one 
pregnancy to delivery, which places considerable 
physiological stress on the cardiovascular system.47 
Although leading causes of maternal mortality such as 
post-partum haemorrhage and pregnancy-related infec
tions are declining,453 cases of maternal heart disease are 
increasing. Maternal cardiovascular disease complicates 
approximately 1–4% of pregnancies and contributes to 
approximately 15% of maternal death.324 According to 
WHO in 2015, an estimated 303 000 women died while 
pregnant or within 42 days after the end of pregnancy.454 
Cardiovascular disease appears to be a major contributor 
to late maternal death (up to 1 year after birth), but this 
is not well documented, especially in low-income 
countries, and is therefore likely to be an underestimated 
and a neglected issue.455

Analysis of data from the ESC Registry of Pregnancy and 
Cardiac disease456 identified the most prevalent diagnoses 
in pregnancy as congenital heart disease (57%) and valvular 
heart disease (29%). With congenital heart disease in 
high-income countries, access to surgery and medical 
treatment has resulted in survival to reproductive age, even 
for women with complex congenital heart disease. 
Follow-up in tertiary care centres and preconception 
assessment, plus close monitoring during pregnancy by a 
multidisciplinary team, are key to reducing maternal death 
in these women. However, there is little access to surgery, 
medical treatment, and preconception counselling in 
low-income countries. Global estimates of access to 
surgery and treatment are missing, and there are very few 
data on pregnancy outcomes in women with uncorrected 
congenital heart disease. ESC EURObservational Research 
Programme and Registry of Pregnancy and Cardiac 
disease data on women with uncorrected congenital heart 
disease showed that coming from an LMIC was associated 
with higher prepregnancy signs of heart failure, pulmonary 
hypertension, and cyanosis, plus worse maternal and fetal 
outcomes, with 3 times the risk of hospital admission for 
cardiac events and intrauterine growth retardation than in 
high-income countries.457

All women of childbearing age with cardiovascular 
disease should have risk assessment with the modified 
WHO classification of maternal risk, as recommended 
by the 2018 ESC Guidelines for the management of 
cardiovascular diseases during pregnancy.324 The ESC 
Guidelines,324 and the recommendations released by the 
AHA,458 provide important guidance about the manage
ment of pregnancy in patients with cardiovascular 
disease, including for decision making about the use of 
drugs for heart disease in pregnant women.

Cardio-obstetrics is an emerging multidisciplinary 
team approach for the management of cardiovascular 
disease during pregnancy. The Commission endorses 

this team-based approach between cardiologists and 
obstetricians–gynecologists in caring for women with 
cardiovascular disease during pregnancy.

Pregnancy and rheumatic heart disease
Although in high-income countries corrected congenital 
heart disease replaced rheumatic heart disease as the 
main cause of maternal cardiac complications during 
pregnancy, rheumatic heart disease remains the number 
one cause of such complications globally.459 Analysis of 
data from the Global Rheumatic Heart Disease Registry446 
on patients anthracyclines (eg, doxorubicin, with 
rheumatic heart disease living in LMICs showed that 
many women with rheumatic heart disease are young 
and of childbearing age (82·5% aged 11–51 years; median 
age 28 years). The burden of complications from 
rheumatic heart disease in 76 pregnant women from this 
cohort was high: 54·8% had mitral stenosis, 49% had 
heart failure, 27% had atrial fibrillation, and 26% had 
pulmonary hypertension. Results from the Registry of 
Pregnancy and Cardiac Disease460 documented a quite 
low (1·9%) mortality rate during pregnancy in women 
with rheumatic heart disease; however, 50% of women 
with severe mitral stenosis developed heart failure during 
pregnancy. Two scenarios need additional consideration. 
The first scenario involves women who present in 
pregnancy with severe valve lesions (usually mitral valve) 
that preclude a safe delivery. If they are available, 
interventions during pregnancy (eg, mitral valvuloplasty) 
are associated with similar maternal and fetal outcomes 
to interventions done before pregnancy.461 The second 
scenario involves women with rheumatic heart disease 
who require anticoagulation during pregnancy, such as 
women with prosthetic heart valves; although warfarin is 
recommended in such cases, large prospective trials in 
this population are needed.324,462–464

Health systems in endemic areas seldom adequately 
address the needs of women with severe rheumatic 
heart disease who are pregnant, likely to become 
pregnant, or are considering pregnancy.465,466 Multi
disciplinary cooperation, combined with appropriate 
preconception counselling and antenatal care, are the 
key measures to improve outcomes in these women.467 A 
prospective cohort study468 in low-resource areas of 
South Africa found that joint cardio-obstetric care is 
associated with substantially improved morbidity and 
mortality for mothers and their children. Although 
combined cardio-obstetric clinics might not be feasible 
in many regions, algorithms for cardiac screening could 
still be applied to identify women at risk of rheumatic 
heart disease or complications from rheumatic heart 
disease.469

The Commission strongly advocates for preconception 
counselling and directed care for girls and young women 
with rheumatic heart disease before and during 
pregnancy, including decentralised acute rheumatic 
fever diagnostics that are integrated into prevention 
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and control programmes aligned with local non-
communicable disease targets and efforts.

Cardiovascular disease and cancer: cardio-oncology for 
women
As deaths related to cancer have been reduced in women 
across the world, cardiovascular disease is becoming an 
important issue in cancer survivorship. The field of 
cardio-oncology has evolved as an important subspeciality 
to improve cardiovascular care in female survivors of 
cancer.

Globally, breast cancer is the most common cancer in 
women. Treatment options have improved markedly, 
leading to reduced mortalilty.470 However, therapies such 
as anthracyclines (eg, doxorubicin, which is one of the 
most commonly used chemotherapeutic agent in breast 
cancer) and trastuzumab (a monoclonal antibody) affect 
cardiac function and increase the risk of developing heart 
failure, which has higher mortality than breast cancer 
itself.471 Doxorubicin directly affects cardiovascular func
tion, with the potential for type I cardiotoxicity resulting 
in irreversible damage, whereas trastuzumab can cause 
type II cardiotoxicity, which is potentially reversible if 
discovered early.472

The incidence of symptomatic heart failure events 
ranges between 1% and 4% of all patients treated with 
trastuzumab in the setting of adjuvant chemotherapy, 
but the incidence of asymptomatic left ventricular 
dysfunction might be as high as 10–40% in such 
patients.473,474 Patients with breast cancer are often treated 
with a combination of chemotherapy with anthracyclines 
plus radiotherapy to the chest. Radiotherapy not only 
increases the likelihood of cardiovascular side-effects 
from chemotherapy, but is also associated with numerous 
other adverse cardiovascular outcomes. For instance, 
left‐sided radiation increases the risk of developing 
coronary artery disease, cardiac death, and death from 
any cause,475 not only shortly after exposure, but also for 
20 years or more.476 Radiotherapy to the chest can lead to 
coronary artery stenosis, damage the pericardium, and 
cause cardiomyopathy, valvulopathy, conduction abnor
malities, atrial fibrillation, ventricular tachycardia, and 
aortic complications.477–481 Although these side-effects can 
manifest slowly over many years, a cohort study 
published in 2019 showed that the damage can be evident 
as soon as 1 year after treatment.482 Therefore, it is 
important to identify women at risk and to establish 
prevention strategies before radiotherapy is initiated.

In 2016 the ESC released a position paper on cancer 
treatments and cardiovascular toxicity that provided 
support and guidance for health-care professionals 
involved in cardiovascular monitoring and decision 
making for patients before, during, and after cancer 
treatment with potential cardiovascular side-effects.483 
Important measures include routine surveillance 
imaging during treatment in asymptomatic patients 
considered to be at increased risk, and early referral to a 

cardio-oncology team.483 The American Society of 
Clinical Oncology recommends rigorous follow-up and 
management for patients at high risk of developing 
cardiac dysfunction, including patients receiving high-
dose anthracyclines or high-dose radiotherapy with the 
heart in the treatment area, or receiving a combination 
of low-dose radiotherapy with the heart in the treatment 
area plus low-dose anthracyclines.484

This Commission endorses the field of cardio-oncology 
as a crucial resource in reducing cardiovascular disease 
among female survivors of cancer.

The under-representation of women and under-
reporting of sex-specific data in cardiovascular clinical 
trials
It is widely acknowledged that appropriate representation 
of women in clinical trials is crucial to gain knowledge 
about sex-related differences in optimal treatment and to 
improve outcomes in patients of both sexes. Historically, 
women have been under-represented and often excluded 
from clinical trial participation. In 1977 the FDA recom
mended that women of childbearing potential should be 
excluded from phase 1 and early phase 2 drug trials 
because of drug-related incidents, including the tragedy 
conferred by giving thalidomide to pregnant women.485 
This policy resulted in the broad exclusion of women 
from clinical trials and contributed to their subsequent 
frequent under-representation.486 Although legislative 
changes in the 1980s and 1990s mandated the inclusion 
of women in clinical trials, the enrolment of women has 
increased only slowly. Indeed, a recent analysis shows 
that men still predominate overall as cardiovascular 
clinical trial participants.487 Between 2010 and 2017, 
women represented 38·2% of participants in cardio
vascular clinical trials, although this representation varied 
by disease and trial characteristics.487 The analysis provided 
participation prevalence ratios (PPRs), with a PPR 
of 0·8–1·2 suggesting adequate representation of women 
in trials relative to disease population, a PPR less than 
0·8 suggesting under-representation, and a PPR greater 
than 1·2 suggesting over-representation. The PPR was 
0·82 for hypertension and 1·33 for pulmonary arterial 
hypertension trials, but lower (0·48–0·78) for trials in 
heart failure, acute coronary syndrome, coronary heart 
disease, stroke, and arrhythmia.487 Overall, representation 
of women has been higher in primary than in secondary 
prevention trials, with balanced enrolment between 
women and men in large primary prevention trials.488–490

Nevertheless, there is considerable work to be done to 
investigate why women are under-represented in 
cardiovascular clinical trial participation, including why 
women are less likely than men to be considered for 
screening in trials, and why women might be less likely 
than men to consider participating.491 For example, 
a study in 783 people across 13 US clinical centres 
examined differences between women and men in 
willingness to participate in cardiovascular prevention 
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studies, and differences in perceived risks and distrust.492 
The study found that women were less willing to 
participate in clinical trials than men. Although adjust
ment for sex differences concerning distrust of medical 
researchers and perceived 10-year risk of myocardial 
infarction did not alter these results, sex differences 
in willingness to participate were fully attenuated by 
adjusting for differences in the perceived probability of 
experiencing harms and benefits. A Canadian study in 
270 women asked participants to comment on the 
reasons for participating or not participating in the 
Raloxifene Use For The Heart trial.493 Major factors 
included concerns about the burden of participation on 
health and time. Regarding concerns about time, another 
study found that women were more likely than men to 
document caring responsibilities (eg, for grandchildren, 
other family members, friends, and neighbours) as 
reasons for not participating in a clinical trial.494 Further 
efforts are needed to identify strategies that make 
participation in clinical trials increasingly accessible and 
inclusive for women (figure 7).

In addition to the under-representation of women in 
clinical trials, knowledge gaps on sex-related differences 
in cardiovascular disease ensue from the absence of 
sex-specific data reporting. In 1998, the FDA enforced 
regulatory requirements for reporting clinical data by 

sex in addition to by age and race. However, despite 
substantial interest in understanding sex differences 
in cardiovascular disease, few studies have addressed 
such issues, and many gaps in our knowledge remain. 
In 2015, the US National Institutes of Health (NIH) 
released Consideration of Sex as a Biological Variable in 
NIH-funded Research,495 and emphasised that sex and 
gender should be considered in research design, analysis, 
and reporting of results. The Sex and Gender Equity in 
Research Guidelines496 give specific recommendations on 
how to include the influence of sex in clinical research. 
Other organisations, such as the AHA, the Canadian 
Institutes of Health Research, and the European Com
mission, have also called for sex and gender analyses in 
research.

Sex and gender are crucial to the interpretation, 
validation, and generalisability of research findings, and 
sex-disaggregated analyses in research and clinical trial 
design should be mandatory. Enrolling women in clinical 
trials across the lifespan of women is a key factor in 
improving cardiovascular outcomes in women.

Review of specific global areas
Although cardiovascular disease is the leading global 
cause of mortality for women, there are important 
geographical differences in the burden of cardiovascular 
disease. This section provides an overview of region-
specific conditions that need to be taken into 
consideration when identifying and implementing 
recommendations to prevent and manage cardiovascular 
disease in women (see panel 4). Although the GBD Study 
analyses of mortality and risk factors provide data for 
regions that are defined according to their epide
miological similarity and geographical proximity, in this 
section, we focus on geographical areas that reflect the 
regions from which the Commissioners originate.

Australia and New Zealand
The female population of Australia makes up just over 
half (51%) of the total population and is characterised by 
cultural and ethnic diversity: 29% were born overseas, 
and 3·2% are Aboriginal People and Torres Strait 
Islander People.497

Although the majority of the population live along the 
coast (71%), there are barriers to equitable health care 
for people with low income in rural and remote areas, 
who have less access to specialised cardiac services.498 
Older women (>75 years) living in remote areas of 
Australia are 3 times less likely than people in urban 
areas to get a clinically indicated echocardiogram and 
4 times less likely to be seen by a cardiologist.499

Among Aboriginal and Torres Strait Islander people, 
more women (59%) than men (41%) have cardiovascular 
disease.500 A study in Aboriginal people found that the 
incidence of heart failure is 2 times higher among 
women than men.501 Aboriginal and Torres Strait Islander 
women are reported to have obesity rates that are 

Figure 7: Strategies to increase the proportion of women in cardiovascular 
clinical trials 

Be inclusive
• Avoid upper and lower age limits in exclusion 

criteria for enrolment in trials

Exchange knowledge
• Educate recruiting personnel on importance 

of enrolling women
• Share experience of enrolling women after 

each study
• Conduct routine surveys on motivations for 

participation and non-participation in trials

Remove barriers
• Arrange childcare and free transportation
• Offer flexible hours and at-home follow-up

Meet women where they are
• Target outreach in community settings 

frequented by women
• Involve primary care physicians and family 

members
• Provide education and information about 

the risk but also the benefits of participation
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Panel 4: Recommendations by region

Australia and New Zealand
•	 Barriers to equitable health care and access to specialised 

cardiac services persist for women in low-income and 
remote areas. Telehealth can address health inequities by 
delivering cardiovascular health care to women in remote 
and rural areas.

•	 Cardiovascular disease prevalence and mortality are 
especially high in Aboriginal and Torres Strait Islander 
women. Culturally sensitive primary and secondary 
prevention programmes are much needed for Indigenous 
people and women from low-socioeconomic areas, 
including rheumatic heart disease initiatives, smoking 
cessation programmes, cardiac rehabilitation, and 
psychosocial support.

Asia
•	 Misconceptions, restricted education, and cultural beliefs 

contribute to low awareness about cardiovascular disease 
risk and risk factors among women in Asia. Culturally 
sensitive initiatives, national campaigns, and public 
education activities are needed to increase awareness about 
cardiovascular risk factors, and morbidity and mortality 
related to cardiovascular disease in women.

•	 Traditional roles and responsibilities persist in many parts of 
Asia, in which women are caretakers of health, often in 
addition to their domestic duties and employment, and 
men are decision makers about medical care. A combination 
of strategic population-based and public policy-based 
approaches are needed to improve health care for women in 
Asia, and to enable women to view themselves as decision 
makers about their own health and health care.

Eastern Mediterranean region: Middle East and north Africa
•	 No governmental measures exist to prevent cardiovascular 

disease in women. National awareness and screening 
campaigns are needed to target hypertension and diabetes, 
and early school programmes should promote a healthy diet 
and physical activity. It is essential to empower women 
through education about health and wellbeing.

•	 Accurate data on cardiovascular disease prevalence and 
mortality are absent for most countries. Governmental 
agencies should establish robust health surveillance systems 
to monitor mortality and morbidity associated with 
cardiovascular disease in women.

Europe
•	 Cardiovascular disease morbidity and mortality for women 

from central and eastern Europe are among the highest in 
the world, in great contrast to data from northern, 
southern, and western Europe. Coordinated actions and 
policy coherence across European countries are needed to 
address health inequalities in the region.

•	 Smoking remains one of the most salient health concerns 
for European women. Education, initiatives, and social 
media campaigns are imperative to prevent smoking 
among young women.

Latin America
•	 Access to health care is inequitable. Indigenous women and 

those of African descent have the worst health outcomes 
and shorter life expectancy because of low awareness and 
substandard quality of care. Strategies are needed to 
generate outcomes data and improve health care for these 
populations.

•	 Approximately 1 125 000 women of reproductive age are 
infected with Trypanosoma cruzi, the parasite that causes 
Chagas disease, and rheumatic heart disease is endemic in 
particular regions. Screening women for Chagas disease and 
rheumatic heart disease during early reproductive age is an 
opportunity to prevent Chagas disease transmission and to 
reduce the risk of cardiovascular disease complications 
associated with rheumatic heart disease during pregnancy.

North America
•	 The prevalence of metabolic disturbances is high in 

North American women. Prevention of obesity and obesity-
related conditions should be a priority in public health 
interventions and policy-based approaches, social campaigns, 
and initiatives targeting girls and women at a young age.

•	 African American, Hispanic, and Native American or Alaskan 
Native women carry an excessive cardiovascular risk burden 
compared with White women, and inadequate health-care 
coverage remains an issue for women of minority ethnicity 
or race in the USA. Collaborative efforts to tackle inequalities 
and identify culturally sensitive strategies for disease 
prevention and management in women of minority 
ethnicity or race are urgently warranted.

Sub-Saharan Africa
•	 Too little attention and too few resources are directed at the 

obesity epidemic that affects women more than men. 
Further research is needed to investigate how obesity 
perceptions are shaped by cultural frames and to identify 
the best way to apply a cultural lens to community-level 
obesity interventions.

•	 Women are disproportionally affected by poverty and 
inadequate access to health care. The exclusion of women 
from formal education and skills training has substantial 
implications, not only for socioeconomic development, 
but also for health literacy, the ability to afford health care, 
and decision making about health. It is crucial to empower 
women to self-manage their own health, via education and 
building up literacy.
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1·3 times higher than in non-Indigenous women 
(73% vs 55%),497 and are more likely to have central 
obesity than non-Indigenous women.502 In Aboriginal 
and Torres Strait Islander women, the absolute rate of 
smoking is approximately twice that of non-Aboriginal 
Australian women.503 Type 2 diabetes prevalence for 
women living in the lowest socioeconomic areas is twice 
as high as for women living in the highest socioeconomic 
areas.504

Aboriginal women often have traditional roles as 
mothers and homemakers, carry a large share of 
domestic duties, are at increased risk of domestic 
violence compared with non-Aboriginal women, and 
have poor access to health care. Aboriginal women have 
worse health outcomes, a shorter life expectancy, 
and deaths related to cardiovascular disease occur 
approximately 10–20 years earlier, compared with non-
Indigenous women.505 Rheumatic heart disease 
prevalence among Indigenous Australians is one of the 
highest recorded globally,506 with approximately 65% of 
cases affecting Indigenous women.507 Rheumatic fever 
also continues unabated among Māori and Pacific Island 
New Zealanders. Initiatives to prevent severe rheumatic 
heart disease by screening disadvantaged school-age 
children using portable echocardiography are important 
for helping to diagnose girls before they reach 
childbearing age.508 However, disparities based on 
ethnicity are large in acute rheumatic fever and 
subsequent rheumatic heart disease, and the gap is 
widening.508

Asia
Asia is a heterogeneous region with an eclectic mix 
of ethnicities, sociocultural norms, and religions and 
beliefs, with substantial socioeconomic inequalities 
and wide gaps in access to health care. Women from 
south Asia were reported to be at 76% greater risk of 
cardiovascular disease events than women in Norway, 
and at 39% greater risk than women in New Zealand.509 
In addition to ischaemic heart disease, the issue of stroke 
is of huge importance in women of Asia.510 Hypertension 
and diabetes have been identified as strong risk factors. 
The Asia Pacific Cohort Studies Collaboration511 reported 
that the proportion of ischaemic heart disease attributable 
to hypertension is 8–39% in women versus 4–28% in 
men. The prevalence of hypertension is highest among 
women from south Asia (38·2% in India),512 east Asia 
(30·8% in South Korea),513 and southeast Asia (25·0% in 
Malaysia and 20·1% in Singapore).514,515 This high 
prevalence is largely attributable to diet (high salt intake 
in the form of salted fish and shrimp paste) and genetics 
(predominantly in Indian and Malay people). In addition, 
rapid urbanisation and an increasingly sedentary lifestyle 
have resulted in increased prevalence of hypertension 
and diabetes in Asia.

Misconceptions, restricted education, and cultural 
beliefs contribute to low awareness about cardiovascular 

disease risk among women in Asia. For instance, 
surveys in Singapore found that only 10% of women 
were aware that cardiovascular disease is the leading 
cause of death for Singaporean women, and only 
8% had discussed topics related to cardiovascular 
disease with their doctor in the past 12 months.516 
Furthermore, the view of cardiovascular disease as 
being a man’s disease prevails in Asia. Also, many older 
women who develop cardiovascular disease distrust 
allopathic medicine and prefer to die in their homes 
rather than in hospital; cause of death is therefore often 
misclassified as old age.517 Finally, traditional roles and 
responsibilities persist in many parts of Asia, in which 
women are caretakers of health, often in addition to 
their domestic duties and employment, whereas men 
are decision makers about medical care.518 Gender 
norms, environmental factors (eg, hot and humid 
weather conditions), and expectations of religions and 
beliefs limit the potential for women to engage in 
physical activities and reinforce the notion that taking 
time out for physical activity instead of domestic duty is 
a selfish act.519

The Middle East and north Africa
Rapid transformation in the eastern Mediterranean 
region from a nomadic to an urban society has led to 
major changes in lifestyle. However, strict cultural and 
religious norms prevail in ways that contribute to a 
considerable cardiovascular disease burden among 
women. The INTERHEART study,26 involving Gulf 
countries, Egypt, and Iran, showed that women with 
Arab ethnicity present with coronary artery disease 
10 years earlier than women in Europe and east Asia.

In the Middle East, the prevalence of obesity is substan
tially higher in women (30·6%) than in men (16·6%),520 
and is especially high among women in oil-rich countries 
such as Saudi Arabia (44%).521 Other than dietary changes, 
multiple pregnancies are a major cause of obesity in 
Middle Eastern and north African women, because large 
families are still socially and culturally favoured in the 
region. Consequently, women have a high fertility rate 
along with a short spacing period between pregnancies, 
which results in the accumulation of body fat.522 Also, 
approximately 50% of women are insufficiently physically 
active compared with 36% of men.523 Social and physical 
restrictions on mobility and traditional religious norms 
define socially acceptable behaviours for women, and 
place more emphasis on spiritual and religious 
extracurricular activities than on sports and physical 
activity.524

Although access to undergraduate and graduate pro
grammes has begun to increase,525 women in Middle 
Eastern and north African regions have been marginalised 
from secondary and tertiary education for many years.526 
This restricted access to education has undermined 
women’s health and reinforces a wide gender gap in 
health and wellbeing. In most Middle Eastern countries, 
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cardiovascular mortality among women correlates with 
years of education, and in some countries (eg, Saudi 
Arabia), limited physical mobility and restricted autonomy 
impede women’s access to health-care services.527 For 
example, the prehospital delay for myocardial infarction 
admission in Saudi Arabia was reported to be twice as 
high for women as for men (12·9 h vs 5 h).528 Factors 
contributing to this delay included requiring a male 
relative’s permission to seek medical help and the inability 
to travel to hospital unless accompanied by a male 
relative.527

Epidemiological data in the Middle East and north 
Africa are scarce because of no government funding 
to support women’s health and inadequate disease 
registries. Also, health-care strategies in the region focus 
more on therapeutic interventions than on disease 
prevention.529

Europe
Within the European region, there are wide gaps in 
cardiovascular disease prevalence and mortality. Central 
and eastern European countries are among countries 
with the highest cardiovascular disease burden globally, 
which contrasts greatly to data from northern, southern, 
and western Europe.530 These differences in cardiovascular 
morbidity, mortality, and risk factor prevalence are based 
on marked disparities in research funding, effective 
health interventions, and health-care systems across 
Europe.530 Coordinated actions and policy coherence 
across European countries are needed to address health 
inequalities in Europe.531

Nevertheless, further efforts to decrease cardiovascular 
risk factors and associated mortality in European women 
are much needed in all countries. Smoking remains one of 
the most salient health concerns in Europe.532 Although 
overall smoking rates have declined, there are alarming 
trends, with a relentless increase in smoking among 
women, especially in young women and girls.533 According 
to statistics from EU member states, the proportion of 
daily smokers is similar between women and men in 
several northern and western European countries, and 
higher in women than men in Sweden.534 In addition, 
mortality risk attributable to hypertension is higher in 
women than in men across most of Europe, with the 
highest rates in women from Estonia.535 Data on the 
prevalence of elevated cholesterol in European countries 
show that elevated cholesterol (defined as total cholesterol 
≥5·0 mmol/L) affects 55·8% of the population older than 
25 years, with a slightly higher prevalence in women 
(56·8% women vs 55·0% men).536 A quarter of the 
European adult population has obesity, with higher 
prevalence among women (27·1%) than among 
men (23·4%).537 WHO data show that in the past 3 decades, 
mean body-mass index in women increased in most 
European countries.538 Participation in recommended 
amounts of physical activity is low, with inactivity being 
more common in women than in men (32·4% vs 29·0%).

Latin America
This region has seen rapid but uneven social and 
financial progress during the past decades.539 Epi
demiological transition resulted in population ageing, 
urbanisation, smoking, unhealthy diets, and physical 
inactivity, and contributed to increases in cardiovascular 
disease mortality in women. Data from the Pan-American 
Health Organization show that ischaemic heart disease 
is the leading cause of death in Latin American women.540 
The prevalence of ischaemic heart disease and stroke is 
estimated to triple in the next 20 years, and women are 
expected to have higher mortality than men.541

Hypertension is considered to be a major public health 
issue in this region, and is especially prevalent in women 
with African ancestry living in places like Brazil and the 
Caribbean.541 The interaction between an unfavourable 
lifestyle, genetic inheritance, and epigenetic changes also 
contribute to high rates of dyslipidaemia in women in 
this region.542,543 Data from the INTERHEART Latin 
American study63 showed that few women (15·7%) do 
regular physical activity. Obesity prevalence is 30% higher 
for women than for men in some regions of Latin 
America.544 A shift towards higher intake of high-density 
food and sweetened beverages,63 and an increase in 
smoking have been seen in Latin America, with reported 
rates of tobacco use among women ranging from 3·4% in 
Honduras to 33·0% in Chile.545 With regard to women, 
smoking rates as high as 37·7% and 43·3% were reported 
in cities such as Bueno Aires, Argentina, and Santiago, 
Chile.546 The ten countries with the highest rates of 
diabetes in the world include Chile (14%), Mexico (9·7%), 
and Colombia (8·2%).547,548 Mexico was reported to have 
the highest diabetes mortality rate in women in the 
region.549 The INTERHEART Latin American study63 
found a higher risk of myocardial infarction in women 
than in men, associated with higher waist-to-hip ratio, 
hypertension, and diabetes.

The traditional roles of women in Latin America as 
mothers and homemakers have been changing during 
the past decades. Although many women participate in 
the labour force, they continue to carry a larger share of 
domestic labour, which can create a barrier to a healthy 
lifestyle and physical activity.550 Furthermore, access to 
health care is inequitable;551 women who are Indigenous 
or of African descendant have worse health outcomes 
and shorter life expectancy than women who are not 
Indigenous or of African descendant, because of 
substandard quality of health care, including longer 
delays in diagnosis and treatment and health-provider 
discrimination.

In Latin America, approximately 1 125 000 women of 
reproductive age are infected with Trypanosoma cruzi, the 
parasite that causes Chagas disease.552 Arrhythmias and 
severe cardiomyopathy are hallmarks of the chronic 
phase of Chagas disease, and are the most common 
causes of death in these patients.553 Rheumatic heart 
disease is also endemic in Latin American countries 
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such as Nicaragua, Haiti, and Bolivia, affecting women 
during their childhood and reproductive life.554

North America
Cardiovascular disease results in a substantial health and 
economic burden in the USA.555 Data from the 2019 AHA 
report on heart disease and stroke statistics showed that 
cardiovascular disease (ie, coronary heart disease, heart 
failure, stroke, and hypertension), was prevalent in 
44·7% of women aged 20 years or older, and rates 
increased with age.264 An analysis of the WHO Mortality 
Database found an increase of age-standardised cardio
vascular disease death (35–74 years) during 2017 in 
women in the USA and Canada.3

Hypertension prevalence is as high as 58% in women 
aged 65–74 years,556 and approximately 30% of women 
older than 20 years have LDL cholesterol of at least 
130 mg/dL. A stunning 67·4% of US women are 
considered overweight or obese (body-mass index 
≥25·0 kg/m²) and 40·7% obese (body-mass index 
≥30 kg/m²), with the highest prevalence in African 
American (56·0%), Hispanic (48·9%), and White (37·9%) 
women. 557 Approximately 13 million adult women in the 
USA have diabetes, the majority of whom have type 2 
diabetes.558

African-American, Hispanic, and Native American or 
Native Alaskan women in the USA carry an excessive 
cardiovascular risk burden compared with White 
women. For instance, the risk ratio (RR) for incident 
hypertension is significantly higher for African-
American women aged 65–74 years than for White 
women of the same age (RR 1·44; 95% CI 1·24–1·66), 
and African-American women are more than twice as 
likely to develop diabetes than White women (2·14, 
95% CI 1·86–2·46).559 The prevalence of any cardio
vascular disease in African-American women is much 
higher than in White women (57·1% vs 43·4%),264 with a 
ratio of approximately 1·3 (166·3 per 100 000 vs 
131·9 per 100 000) for the age-adjusted heart disease 
death rate.560 Similarly, African-American women have a 
50% greater risk of heart failure than White women 
do.561,562 Although some study results have indicated 
lower cardiovascular disease prevalence and mortality 
in Hispanic women compared with non-Hispanic 
White women and non-Hispanic Black women, the 
cardiovascular risk factor burden is higher in Hispanic 
women than in non-Hispanic White women.563 Although 
Hispanic and Latino people are the largest minority 
ethnic group in the USA, data on cardiovascular disease 
in this population is severely deficient, and a better 
understanding of cardiovascular risk profile, morbidity, 
and mortality of women from various Hispanic-origin 
groups is urgently needed.563

Attention has recently been directed to long-standing 
racial injustice and discrimination against Black people 
in the USA by the killings of African-American people at 
the hands of the police and the subsequent emergence of 

the Black Lives Matter movement. Inequities between 
Black and White communities affect almost all aspects of 
life, including health and access to care. Black women 
face higher rates of physical violence and psychological 
abuse than women overall do, and are also affected by 
inadequate access to health care.145,564,565

Indeed, the absence of health-care coverage remains an 
issue in ethnic and racial minority populations throughout 
the USA.566 573 federally recognised Native American and 
Alaska Native tribes that include 1·8 million women 
represent an important medically underserved population. 
Stroke mortality rates are higher for Native American and 
Alaska Native women than for White American women, 
especially among younger women (35–44 years). 21·5% of 
women in this population smoke tobacco (compared with 
13·5% of American women overall),264 which is one of the 
major risk factors for cardiovascular disease in North 
America and one of the most preventable causes of death, 
stroke, and myocardial infarction.567,568 Between 2007 
and 2009, Native American and Alaska Native women 
more often self-reported their health as fair or poor than 
White American women did. Over a third of these 
Indigenous women stated they had been diagnosed as 
obese, compared with a quarter of non-Hispanic White 
women, and Indigenous women also reported high 
amounts of alcohol use.569

At least 2 decades of research on health disparities in 
the USA point to a complex set of historical, social, 
and economic factors that contribute to cardiovascular 
disease in non-White US women (including displace
ment and cultural trauma among Native American 
and Alaska Native women),569 and which are rooted in 
historic and ongoing inequities.570 Collaborative efforts 
in disease prevention and management are urgently 
warranted.

Sub-Saharan Africa
Mirroring patterns in high-income countries, hyperten
sion, diabetes, dyslipidaemia, obesity, and physical 
inactivity are risk factors for cardiovascular disease in 
women in African countries. However, poverty, malnutri
tion, migration, uncontrolled fertility, and complications 
of pregnancy and childbirth also contribute to their 
cardiovascular risk profile. AIDS/HIV and tuberculosis, 
and uncorrected congenital heart disease and rheumatic 
heart disease, are substantial contributors to the high 
burden of cardiovascular disease in African women.

WHO data report that the African region has the 
highest global prevalence of uncontrolled hypertension 
in adults aged 25 years.571 A population-based cross-
sectional study done at six sites in four African countries 
showed a slightly higher prevalence of hypertension in 
women (35%, 95% CI 33·7–36·2) than in men (31%, 
95% CI 30·0–32·6).572

The obesity epidemic is another important health 
concern in Africa. Analysis from the Heart of Soweto 
Study573,574 found a significantly higher proportion of 

For more on the WHO Mortality 
Database see https://www.who.

int/data/data-collection-tools/
who-mortality-database

https://www.who.int/data/data-collection-tools/who-mortality-database
https://www.who.int/data/data-collection-tools/who-mortality-database
https://www.who.int/data/data-collection-tools/who-mortality-database
https://www.who.int/data/data-collection-tools/who-mortality-database
https://www.who.int/data/data-collection-tools/who-mortality-database
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obese women than men (55% vs 23%; OR 1·76, 95% CI 
1·62–1·91). This study also reported that obesity is 
associated with poorer outcomes in cardiovascular 
conditions in women, such as rheumatic heart disease,449 
atrial fibrillation,575 heart failure,576 and dyslipidaemia.577 
There are substantial concerns about maternal obesity,578 
childhood obesity,579,580 and inadequate physical activity 
in this region, with calls for prevention and control. 
Communicable diseases remain the core focus of 
researchers and policy makers within Africa, with 
inadequate attention and resources being directed at the 
obesity epidemic and the unabated increase of related 
chronic, non-communicable diseases.581 In addition, 
obesity has a different cultural context in some parts of 
the region, in which it can reflect increased wealth and 
prosperity.579,582 There is also the misconception of so-
called healthy obesity, given the weight loss associated 
with the HIV/AIDS epidemic.581 There is a need for 
further research investigating how obesity perceptions 
are shaped by cultural frames (eg, social, political, and 
historical) and how best to fit a cultural lens to 
community-level obesity interventions.580

Sub-Saharan Africa countries have increasing tobacco 
use. Fast population growth and rapidly increasing 
consumer purchasing power have led to intensive efforts 
by the tobacco industry to expand African markets, 
particularly among younger women. The African Tobacco 
Control Alliance surveyed 79 schools in five countries 
and found a high density of cigarette sellers on the 
doorsteps of primary and high schools, raising concerns 
that tobacco companies are aggressively marketing 

cigarettes to African school children in an attempt to 
expand their markets.583

Women in Africa also face substantial abuse and vio
lence,584 and are disproportionally affected by poverty and 
inadequate access to health care. The exclusion of women 
from formal education and skills training has serious impli
cations, not only for socioeconomic development but also 
for health literacy, ability to afford health care, and decision 
making about health. Rebuilding the fragile health system 
in sub-Saharan Africa also requires repairing relationships 
with the international community by focusing on human 
rights and eliminating corruption; strengthening the 
health workforce through retention strategies, training, 
and non-specialist providers; and community engagement.

Limitations of this Commission article
The following issues should be considered when reading 
this Commission article. First, it is not a systematic review 
of a specific research topic but rather a report aiming to 
capture potential sex-related gaps in cardiovascular 
disease knowledge, research, prevention, treatment, and 
access to care. A bias towards highlighting evidence for 
sex-related differences over reports of neutral findings 
cannot be excluded. Second, there is only mild emphasis 
on the important differentiation between sex and gender 
throughout the Commission article. Although sex relates 
to biological differences, gender is associated with 
sociocultural power structures.585 Both sex and gender are 
increasingly recognised as important in health behaviour 
and the development, diagnosis, and management 
of diseases. Explanations for why this Commission article 

Figure 8: Cardiovascular diseases and their risk factors and modifiers during the lifecycle of a woman: opportunities to deliver comprehensive care and 
intervene
CAD=coronary artery disease. HFpEF=heart failure with preserved ejection fraction. HFrEF=heart failure with reduced ejection fraction. INOCA=ischaemia with 
non-obstructive coronary arteries. MINOCA=myocardial infarction in the absence of obstructive coronary artery disease. SCAD=spontaneous coronary artery dissection.
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Panel 5: Overarching recommendations

Close knowledge gaps
Foundational knowledge is still scant concerning the 
pathogenesis, pathophysiology, and natural history of 
cardiovascular disease in women. Comprehensive sex-specific 
data on cardiovascular disease are absent in many regions, 
and women are under-represented in cardiovascular clinical 
trials and registries, which has led to uncertainty about the 
efficacy and safety of many therapies in women compared 
with men.
•	 Increase women’s involvement in clinical trials; adjust 

exclusion criteria and partner with a range of stakeholders 
to investigate and address structural and economic barriers 
(eg offer flexible hours or at-home follow-up).

•	 Adhere to policies and guidelines regarding the 
consideration of sex and gender variables in research design, 
analysis, and reporting.

•	 Power cardiovascular clinical trials for sex-specific analyses to 
identify haemodynamic, pharmacokinetic and 
pharmacodynamic, and therapeutic norms that are specific to 
women, and to establish sex-specific treatment algorithms, 
targets, and appropriate management strategies for women.

•	 Initiate research studies to explore potential biological 
pathways that might underpin sex and gender as 
determinants of cardiovascular health.

•	 Investigate the effect of sex-specific and under-recognised 
factors on cardiovascular risk in women, to create the 
evidence base for improved guideline recommendations for 
risk factor assessment.

•	 Establish robust national and regional health-surveillance 
systems to monitor cardiovascular disease mortality and 
morbidity in women; integrate these systems with clinical 
quality registries to improve real-time, region-specific data 
collection on well established and emerging cardiovascular 
risk factors, cardiovascular disease management, and 
cardiovascular disease outcomes for women.

•	 Fund health services, economics, and outcomes research to 
establish a clear understanding of global variations in 
women’s access to cardiovascular care.

Enhance awareness of cardiovascular disease in women
Education is a crucial resource in raising awareness about 
cardiovascular disease prevention, risk factor reduction, 
and intervention among health-care professionals and among 
women across their life course.
•	 Develop government-initiated public education activities to 

increase awareness about morbidity and mortality related 
to cardiovascular disease in women. Target these activities 
to specific audiences, including health-care professionals.

•	 Assess health literacy and cultural sensitivities as a 
foundation for developing personalised education for 
women. 

•	 Use and expand both traditional (eg, community health 
workers) and digital communications media to support 
education strategies.

•	 Establish social media campaigns that are targeted 
specifically towards young women to raise awareness about 
cardiovascular disease risks.

•	 Invest in culturally specific and language-specific peer-to-
peer programmes for women from minority populations, 
in which women teach women about positive behaviours 
that support cardiovascular health and reduce 
cardiovascular disease risk.

•	 Use holiday-themed campaigns (eg, February heart month 
in the USA, Mother’s Day) and targeted outreach to places 
frequented by women (eg, churches, day care facilities, nail 
spas, hair salons) to heighten awareness about 
cardiovascular disease in women.

•	 Consider early education strategies to seed awareness of 
cardiovascular disease in girls and young women. This is 
especially important in regions at high risk for 
cardiovascular disease in pregnancy (eg, areas with high 
rates of rheumatic heart disease).

•	 Empower women in all regions through education about 
health and wellbeing, and establish equal opportunities for 
higher education, economic activity, and political life.

Target well established, sex-specific, under-recognised risk 
factors
Substantial work on a global scale is necessary to target risk 
factors associated with cardiovascular disease in women 
through screening, detection, and early intervention.
•	 Continue to develop policies that influence individual 

behaviours and exposures to well established risk factors.
•	 Strengthen the sex-specific focus of existing global 

population approaches to cardiovascular risk reduction.
•	 Develop cardiovascular disease policies that are specific to a 

region, in line with established global voluntary targets to 
define priorities, goals, and indicators for public health and 
community interventions to prevent, reduce, and manage 
cardiovascular disease in women.

•	 Enhance and implement women-specific clinical guidelines 
for cardiovascular disease prevention, and investigate the 
potential for sex-specific risk factor treatment criteria to 
improve cardiovascular outcomes in women.

•	 Scale up healthy heart programmes that target 
cardiovascular risk factors in women in highly populated 
and progressively industrialised regions in which 
cardiovascular disease prevalence is increasing.

•	 Involve multiple stakeholders (eg, government, health 
professionals, and patient advocacy organisations) in risk 
factor reduction policies.

(Continues on next page)
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did not adequately address this issue include the 
interchangeable use of the terms sex and gender in the 
literature, which remains an important aspect. In addition, 
sound and systematic instruments for the analysis of 
gender in medicine are still needed.585 Third, this 
Commission article did not address cardiovascular health 
in transgender women, owing to the current paucity and 
quality of data. An upcoming dedicated Series on 
transgender health by The Lancet will provide more 
information on this topic. Fourth, the overall evidence 
presented in this Commission article might be dominated 
by data for White women and high-income countries, 
reflecting that the current availability of more robust data 
in women with cardiovascular disease is for these 
populations and regions. Finally, the level of evidence for 
the different sections varies substantially. In an effort to 
provide an overview on the level of evidence for the most 
important statements of this article, the appendix indicates 
the level of evidence according to a colour scheme and to 
the best of our knowledge.

Looking forwards
This Commission article represents the first attempt to 
comprehensively summarise the scientific evidence to 
outline gaps in our understanding of how women are 
differentially affected by cardiovascular disease and to 
document crucial disparities across different geographical 
and demographical settings. As a synthesis of the existing 
research and the numerous regional parallel efforts 
underway to better detail the scope of cardiovascular 
disease in women, this article provides the essential 
framework for a cohesive global strategy to gather these 
many strands of research, data collection, and clinical and 

public health interventions to coalesce around a common 
goal. Reducing the burden of cardiovascular disease in 
women by 2030 is an ambitious target, but an imperative 
and worthy one, especially because despite the 
heterogeneous patterns of disease and risk factors across 
countries and contexts, with intervention, much of the 
risk can be modified and mitigated (figure 8).

The next decade will be a pivotal one for clinical science 
and public health. The momentum to strive for equity and 
equality for women more broadly, both socially and 
culturally, translates into an extraordinary time to invest 
that same energy into improving women’s health. Being 
the leading killer of women globally, cardiovascular 
disease must take precedence for our attention and action.

Throughout this article, the Commission has provided 
a robust, evidence-based, and diverse set of recom
mendations for strategies to close these knowledge gaps, 
increase awareness, and improve prevention and care for 
women with cardiovascular disease. It is both the starting 
point and a call to action to mobilise and energise the 
many key stakeholders, health-care professionals, policy 
makers, and women themselves, to work towards a 
healthier future (panel 5).
Contributors
All Commissioners are listed as authors, contributed to the overall 
concepts and messaging included in this article, and wrote the initial 
draft. The literature search, the edits of the initial and subsequent drafts, 
and the written subsequent drafts were prepared by BV with direction 
from RM and feedback and review from the other authors.

Collaborators
Alex Howson edited the initial and subsequent drafts. Maria Alu did the 
initial compilation of Commission article sections. Eleanor Cooney 
provided graphic design for figures 4–6 and 7. Deborah Kalkman helped 
with the literature search and contributed to the section on cardiovascular 

(Panel 5 continued from previous page)

Strengthen health-care systems and engage health-care 
professionals
Prevention and management of cardiovascular disease in 
women require robust health-care systems supported by 
professionals who are aware of, and care about, the specificities 
of cardiovascular disease in women. It is imperative to create 
integrated health systems and to engage physicians, 
health-care workers, and patients as partners in recognising and 
managing cardiovascular disease in women across the globe.
•	 Strengthen and support primary care physicians in their key 

role for screening, guidance, and referral for cardiovascular 
disease prevention and care.

•	 Encourage a range of health professionals across relevant 
specialities (eg, obstetrics and gynaecology, emergency 
medicine, rheumatology) to routinely screen women with 
diseases that increase cardiovascular disease risk.

•	 Equip allied health-care providers (eg, nurses and community 
health workers) in non-conventional care settings who are 
involved in other aspects of women’s health (eg, breast cancer 
screening) to initiate discussions with women about, and 

screen for, cardiovascular disease risk. There is considerable 
potential for such screening to occur in non-traditional 
settings and in partnership with a range of non-health-care 
organisations that are integral to women’s lives.

•	 Create platforms that enable patients to access risk factor 
screening and assessment (eg, via pharmacies or digital 
technologies).

•	 Expand opportunities for women to receive risk factor 
assessment and management (eg, via community-specific 
venues such as hair salons, churches, day care facilities, 
and via cultural ambassadors).

•	 Invest in strategies to develop culturally competent 
cardiology care that accommodates religious preferences.

•	 Invest in novel approaches to care integration that focus on 
low-income and middle-income countries, and 
socioeconomically deprived populations.

•	 Promote, track, and report strategies for increasing the 
number of women in cardiology in general and in leadership 
positions (eg, increase the number of female cardiologists 
on guideline committees).

See Online for appendix



The Lancet Commissions

40	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

disease and pregnancy. Ridhima Goel helped with the literature search 
and contributed to the section on peripheral arterial disease. 
The Commissioners also wish to highlight the contributions of 
Chanchal Chandramouli for the section on Asia, Bernadet Santema for 
the section on heart failure, Adrienne O’Neil, Karin Jandeleit-Dahm, 
Jeroen Hendriks, Jaquelyne T Hughes, Angela Hehir, and 
Julie-Ann Mitchell for the section on Australia, Ana Girleza Munera for the 
section on Latin America, and Danny Chan for the sections on Europe, 
ST-segment elevation myocardial infarction, and cardiogenic shock.

Declaration of interests
MA reports personal fees from Bayer, Boehringer, Tecnofarma, and Axon, 
and non-financial support from Boehringer, outside the submitted work. 
YA reports grants from the Dutch Heart Foundation and has a patent 
image guided plaque ablation (USP 945593 licenced). CNBM reports 
grants from US National Institutes of Health (NIH) Study Section, 
Peer Review Medical Research Program Cardiovascular Health for the 
Department of Defense Congressionally Directed Medical Research 
Program, US National Heart, Lung, and Blood Institute (NHLBI) 
subcontract to Research Triangle Institute International, NHLBI R01, 
US National Institute on Aging U54, and Women’s Ischemia Syndrome 
Evaluation HFpEF; consulting fees from the US Food and Drug 
Administration Renal Advisory Panel; and consulting fees or honoraria 
from iRhythm, Abbott Diagnostics, and Sanofi Vascular. AC reports 
personal fees from Abbott Vascular, Magenta, Biosensor, Abiomed, and 
Cardional Health. GAF reports grants from the Australian National 
Health and Medical Research Council and Abbott Diagnostics; and 
personal fees from CSL Behring and Janssen. VK reports personal fees 
from honoraria and for speaking from Bayer, Daichii Sankyo, Amgen, 
AstraZeneca, and Abbott, outside the submitted work. CSPL reports 
grants from Boston Scientific, Bayer, Roche Diagnostics, AstraZeneca, 
Medtronic, and Vifor Pharma; personal fees from Abbott Diagnostics, 
Amgen, Applied Therapeutics, AstraZeneca, Bayer, Biofourmis, 
Boehringer Ingelheim, Boston Scientific, Corvia Medical, Cytokinetics, 
Darma, Us2.ai, JanaCare, Janssen Research & Development, Medtronic, 
Menarini Group, Merck, MyoKardia, Novartis, Novo Nordisk, Radcliffe 
Group, Roche Diagnostics, Sanofi, Stealth BioTherapeutics, The Corpus, 
Vifor Pharma, and WebMD Global; and has a patent pending 
(PCT/SG2016/050217), and a patent issued (16/216,929). JEP reports 
grants from BIOTRONIK and AtriCure. JS reports grants from the 
Canadian Institutes of Health Research, Heart & Stroke Foundation of 
Canada, Michael Smith Foundation of Health Research, and NIH; and 
consulting fees from Abbott Vascular, Boston Scientific, Gore, Baylis, and 
Abiomed. RM reports grants from Abbott Laboratories, Abiomed, 
Applied Therapeutics, AstraZeneca, Bayer, Beth Israel Deaconess, 
Bristol-Myers Squibb, Cerecor, Chiesi, Concept Medical, CSL Behring, 
DSI, Medtronic, Novartis Pharmaceuticals, OrbusNeich, and Zoll; 
personal fees from Boston Scientific, Cine-Med Research, Janssen 
Scientific Affairs, Medscape/WebMD, American College of Cardiology, 
and American Medical Association; non-financial support from 
Regeneron Pharmaceuticals; consultancy or advisory board fees paid to 
her institution from Abbott Laboratories, Beth Israel Deaconess, Bristol 
Myers Squibb, Chiesi, Concept Medical, Daiichi Sankyo, Medtronic, 
Novartis, CardiaWave, Duke University, Idorsia, Spectranetics/Philips/
Volcano Corp; consultant fees paid to the institution of her spouse from 
Abiomed, Bayer; <1% equity in Applied Therapeutics, Elixir Medical, and 
STEL; and spouse’s <1% equity in ControlRad. All other authors declare 
no competing interests.

Acknowledgments
The Commission was supported financially by grants from Abbott 
Vascular, Abiomed, Amgen, AstraZeneca, Bristol Myers Squibb, 
CSL Behring, Janssen, Medtronic, Orbus Neich, Philips, and Sanofi, 
who had no role in study design, data collection, data analysis, data 
interpretation, or writing of this Commission article. The funds were used 
towards the planning, development, and public launch of the Commission 
article. None of the authors were paid for their work on the Commission.

References
1	 Global Burden of Disease Collaborative Network. Global Burden of 

Disease Study 2019 (GBD 2019) results. Seattle, WA, USA: Institute 
for Health Metrics and Evaluation, 2020. http://ghdx.healthdata.org/
gbd-results-tool (accessed April 23, 2021).

2	 Roth GA, Johnson C, Abajobir A, et al. Global, regional, and 
national burden of cardiovascular diseases for 10 causes, 
1990 to 2015. J Am Coll Cardiol 2017; 70: 1–25.

3	 Lopez AD, Adair T. Is the long-term decline in cardiovascular-
disease mortality in high-income countries over? Evidence from 
national vital statistics. Int J Epidemiol 2019; 48: 1815–23.

4	 Arora S, Stouffer GA, Kucharska-Newton AM, et al. Twenty year 
trends and sex differences in young adults hospitalized with acute 
myocardial infarction. Circulation 2019; 139: 1047–56.

5	 Gabet A, Danchin N, Juillière Y, Olié V. Acute coronary syndrome in 
women: rising hospitalizations in middle-aged French women, 
2004–14. Eur Heart J 2017; 38: 1060–65.

6	 Legato MJ, Johnson PA, Manson JE. Consideration of sex 
differences in medicine to improve health care and patient 
outcomes. JAMA 2016; 316: 1865–66.

7	 Bairey Merz CN, Andersen H, Sprague E, et al. Knowledge, attitudes, 
and beliefs regarding cardiovascular disease in women: the Women’s 
Heart Alliance. J Am Coll Cardiol 2017; 70: 123–32.

8	 Cushman M, Shay CM, Howard VJ, et al. Ten-year differences in 
women’s awareness related to coronary heart disease: results of the 
2019 American Heart Association national survey: a special report 
from the American Heart Association. Circulation 2021; 
143: e239–48.

9	 Redfors B, Angerås O, Råmunddal T, et al. Trends in gender 
differences in cardiac care and outcome after acute myocardial 
infarction in western Sweden: a report from the Swedish 
Web-system for Enhancement of Evidence-based Care in Heart 
Disease Evaluated According to Recommended Therapies 
(SWEDEHEART). J Am Heart Assoc 2015; 4: e001995.

10	 Nanna MG, Wang TY, Xiang Q, et al. Sex differences in the use of 
statins in community practice. Circ Cardiovasc Qual Outcomes 2019; 
12: e005562.

11	 Udell JA, Fonarow GC, Maddox TM, et al. Sustained sex-based 
treatment differences in acute coronary syndrome care: insights from 
the American Heart Association Get With The Guidelines Coronary 
Artery Disease Registry. Clin Cardiol 2018; 41: 758–68.

12	 UN Women. SDG 3: ensure healthy lives and promote well-being 
for all at all ages. http://www.unwomen.org/en/news/in-focus/
women-and-the-sdgs/sdg-3-good-health-well-being (accessed 
April 23, 2021).

13	 Shaw LJ, Pepine CJ, Xie J, et al. Quality and equitable health care 
gaps for women: attributions to sex differences in cardiovascular 
medicine. J Am Coll Cardiol 2017; 70: 373–88.

14	 UN Sustainable Development Goals. Goal 3: ensure healthy lives 
and promote well-being for all at all ages. https://www.un.org/
sustainabledevelopment/health/ (accessed April 23, 2021).

15	 National Collaborating Centre for Infectious Diseases. 
Understanding the measurement of Global Burden of Disease. 
February 2015. https://nccid.ca/publications/understanding-the-
measurement-of-global-burden-of-disease/ (accessed April 23, 2021).

16	 Redford S, Alexander L. What data sources go into the GBD? June 
14, 2018. http://www.healthdata.org/acting-data/what-data-sources-
go-gbd (accessed April 23, 2021).

17	 Disease GBD, Injury I, Prevalence C. Global, regional, and national 
incidence, prevalence, and years lived with disability for 
354 diseases and injuries for 195 countries and territories, 
1990–2017: a systematic analysis for the Global Burden of Disease 
Study 2017. Lancet 2018; 392: 1789–858.

18	 Voigt K, King NB. Out of alignment? Limitations of the Global 
Burden of Disease in assessing the allocation of global health aid. 
Public Health Ethics 2017; 10: 244–56.

19	 Institute for Health Metrics and Evaluation. Cardiovascular 
diseases, females, age-standardized, 2019, prevalent cases per 
100 000. http://ihmeuw.org/5g2r (accessed April 1, 2010).

20	 Institute for Health Metrics and Evaluation. Cardiovascular 
diseases, females, age-standardized, annual % change, 2010–2019, 
prevalent cases per 100 000. http://ihmeuw.org/5g2t (accessed 
April 1, 2010).

21 	 Institute for Health Metrics and Evaluation. Cardiovascular 
diseases, females, age-standardized, 2019, deaths per 100 000. 
http://ihmeuw.org/5g2s (accessed April 1, 2010).

22	 Institute for Health Metrics and Evaluation. Cardiovascular diseases, 
females, age-standardized, annual % change, 2010–2019, deaths per 
100 000. http://ihmeuw.org/5g2u (accessed April 1, 2010).



The Lancet Commissions

www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X	 41

23	 Institute for Health Metrics and Evaluation. GBD 2019. Deaths per 
100 000—females, age-standardized, 2019. http://ihmeuw.org/5g2w 
(accessed April 1, 2021).

24 	 Institute for Health Metrics and Evaluation. GBD 2019. Deaths per 
100 000—females, age-standardized, 2019. http://ihmeuw.org/5g2x 
(accessed April 1, 2021).

25	 Roth GA, Nguyen G, Forouzanfar MH, Mokdad AH, Naghavi M, 
Murray CJ. Estimates of global and regional premature 
cardiovascular mortality in 2025. Circulation 2015; 132: 1270–82.

26	 Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable 
risk factors associated with myocardial infarction in 52 countries 
(the INTERHEART study): case-control study. Lancet 2004; 
364: 937–52.

27	 Rapsomaniki E, Timmis A, George J, et al. Blood pressure and 
incidence of twelve cardiovascular diseases: lifetime risks, healthy 
life-years lost, and age-specific associations in 1·25 million people. 
Lancet 2014; 383: 1899–911.

28	 Ji H, Kim A, Ebinger JE, et al. Sex differences in blood pressure 
trajectories over the life course. JAMA Cardiol 2020; 5: 19–26.

29	 Gorgui J, Gorshkov M, Khan N, Daskalopoulou SS. Hypertension 
as a risk factor for ischemic stroke in women. Can J Cardiol 2014; 
30: 774–82.

30	 Wenger NK, Arnold A, Bairey Merz CN, et al. Hypertension across 
a woman’s life cycle. J Am Coll Cardiol 2018; 71: 1797–813.

31	 Gerdts E, Okin PM, De Simone G, et al. Gender differences in left 
ventricular structure and function during antihypertensive 
treatment: the Losartan Intervention for Endpoint Reduction in 
Hypertension Study. Hypertension 2008; 51: 1109–14.

32	 Costa-Hong VA, Muela HCS, Macedo TA, Sales ARK, 
Bortolotto LA. Gender differences of aortic wave reflection and 
influence of menopause on central blood pressure in 
patients with arterial hypertension. BMC Cardiovasc Disord 2018; 
18: 123.

33	 Matthews KA, Crawford SL, Chae CU, et al. Are changes in 
cardiovascular disease risk factors in midlife women due to 
chronological aging or to the menopausal transition? 
J Am Coll Cardiol 2009; 54: 2366–73.

34	 Matthews KA, El Khoudary SR, Brooks MM, et al. Lipid changes 
around the final menstrual period predict carotid subclinical 
disease in postmenopausal women. Stroke 2017; 48: 70–76.

35	 Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, 
cardiovascular risk factors, and coronary heart disease: a prospective 
follow-up study of 14 786 middle-aged men and women in Finland. 
Circulation 1999; 99: 1165–72.

36	 McQueen MJ, Hawken S, Wang X, et al. Lipids, lipoproteins, 
and apolipoproteins as risk markers of myocardial infarction in 
52 countries (the INTERHEART study): a case-control study. Lancet 
2008; 372: 224–33.

37	 Fulcher J, O’Connell R, Voysey M, et al. Efficacy and safety of 
LDL-lowering therapy among men and women: meta-analysis of 
individual data from 174 000 participants in 27 randomised trials. 
Lancet 2015; 385: 1397–405.

38	 Peters SAE, Colantonio LD, Zhao H, et al. Sex differences in 
high-intensity statin use following myocardial infarction in the 
United States. J Am Coll Cardiol 2018; 71: 1729–37.

39	 Culver AL, Ockene IS, Balasubramanian R, et al. Statin use and risk 
of diabetes mellitus in postmenopausal women in the Women’s 
Health Initiative. Arch Intern Med 2012; 172: 144–52.

40	 Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and 
cardiovascular outcomes after acute coronary syndrome. 
N Engl J Med 2018; 379: 2097–107.

41	 Sever P, Gouni-Berthold I, Keech A, et al. LDL-cholesterol 
lowering with evolocumab, and outcomes according to age and 
sex in patients in the FOURIER Trial. Eur J Prev Cardiol 2020; 
published online February 4. https://doi.org/10.1177/ 
2047487320902750.

42	 Zhang Z, Wei TF, Zhao B, et al. sex differences associated with 
circulating PCSK9 in patients presenting with acute myocardial 
infarction. Sci Rep 2019; 9: 3113.

43	 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; 
57: 1542–51.

44	 de Jong M, Woodward M, Peters SAE. Diabetes, glycated 
hemoglobin, and the risk of myocardial infarction in women and 
men: a prospective cohort study of the UK Biobank. Diabetes Care 
2020; 43: 2050–59.

45	 Sattar N, Rawshani A, Franzén S, et al. Age at diagnosis of type 2 
diabetes mellitus and associations with cardiovascular and mortality 
risks. Circulation 2019; 139: 2228–37.

46	 Roffi M, Radovanovic D, Erne P, Urban P, Windecker S, Eberli FR. 
Gender-related mortality trends among diabetic patients with 
ST-segment elevation myocardial infarction: insights from a 
nationwide registry 1997–2010. Eur Heart J Acute Cardiovasc Care 
2013; 2: 342–49.

47	 Appelman Y, van Rijn BB, Ten Haaf ME, Boersma E, Peters SA. 
Sex differences in cardiovascular risk factors and disease 
prevention. Atherosclerosis 2015; 241: 211–18.

48	 Retnakaran R. Hyperglycemia in pregnancy and its implications for 
a woman’s future risk of cardiovascular disease. 
Diabetes Res Clin Pract 2018; 145: 193–99.

49	 Rawshani A, Sattar N, Franzén S, et al. Excess mortality and 
cardiovascular disease in young adults with type 1 diabetes in 
relation to age at onset: a nationwide, register-based cohort study. 
Lancet 2018; 392: 477–86.

50	 Dantas AP, Fortes ZB, de Carvalho MH. Vascular disease in diabetic 
women: why do they miss the female protection? Exp Diabetes Res 
2012; 2012: 570598.

51	 Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, Lenfant C. 
Definition of metabolic syndrome: report of the National Heart, 
Lung, and Blood Institute/American Heart Association conference 
on scientific issues related to definition. Circulation 2004; 
109: 433–38.

52	 Janssen I, Powell LH, Crawford S, Lasley B, Sutton-Tyrrell K. 
Menopause and the metabolic syndrome: the Study of Women’s 
Health Across the Nation. Arch Intern Med 2008; 168: 1568–75.

53	 Bateman BT, Shaw KM, Kuklina EV, Callaghan WM, Seely EW, 
Hernández-Díaz S. Hypertension in women of reproductive age 
in the United States: NHANES 1999–2008. PLoS One 2012; 
7: e36171.

54	 Wilsgaard T, Schirmer H, Arnesen E. Impact of body weight on 
blood pressure with a focus on sex differences: the Tromso Study, 
1986–1995. Arch Intern Med 2000; 160: 2847–53.

55	 Wilson PWF, D’Agostino RB, Sullivan L, Parise H, Kannel WB. 
Overweight and obesity as determinants of cardiovascular risk: 
the Framingham experience. Arch Intern Med 2002; 162: 1867–72.

56	 Callaway LK, Prins JB, Chang AM, McIntyre HD. The prevalence 
and impact of overweight and obesity in an Australian obstetric 
population. Med J Aust 2006; 184: 56–59.

57	 Gallagher D, Visser M, Sepúlveda D, Pierson RN, Harris T, 
Heymsfield SB. How useful is body mass index for comparison of 
body fatness across age, sex, and ethnic groups? Am J Epidemiol 
1996; 143: 228–39.

58	 Lai YH, Liu ME, Su CH, et al. Obesity-related changes in cardiac 
structure and function among Asian men and women. 
J Am Coll Cardiol 2017; 69: 2876–78.

59	 WHO Expert Consultation. Appropriate body-mass index for Asian 
populations and its implications for policy and intervention 
strategies. Lancet 2004; 363: 157–63.

60	 Bhupathiraju SN, Hu FB. Epidemiology of obesity and diabetes and 
their cardiovascular complications. Circ Res 2016; 118: 1723–35.

61	 Foreman KJ, Marquez N, Dolgert A, et al. Forecasting life expectancy, 
years of life lost, and all-cause and cause-specific mortality for 
250 causes of death: reference and alternative scenarios for 2016–40 
for 195 countries and territories. Lancet 2018; 392: 2052–90.

62	 Walli-Attaei M, Joseph P, Rosengren A, et al. Variations between 
women and men in risk factors, treatments, cardiovascular disease 
incidence, and death in 27 high-income, middle-income, and 
low-income countries (PURE): a prospective cohort study. Lancet 
2020; 396: 97–109.

63	 Lanas F, Avezum A, Bautista LE, et al. Risk factors for acute 
myocardial infarction in Latin America: the INTERHEART 
Latin American study. Circulation 2007; 115: 1067–74.

64	 Najjar RS, Moore CE, Montgomery BD. Consumption of a defined, 
plant-based diet reduces lipoprotein(a), inflammation, and other 
atherogenic lipoproteins and particles within 4 weeks. Clin Cardiol 
2018; 41: 1062–68.



The Lancet Commissions

42	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

65	 Turner-McGrievy GM, Davidson CR, Wingard EE, Wilcox S, 
Frongillo EA. Comparative effectiveness of plant-based diets for 
weight loss: a randomized controlled trial of five different diets. 
Nutrition 2015; 31: 350–58.

66	 Bellettiere J, LaMonte MJ, Evenson KR, et al. Sedentary behavior 
and cardiovascular disease in older women: the Objective Physical 
Activity and Cardiovascular Health (OPACH) study. Circulation 
2019; 139: 1036–46.

67	 Chomistek AK, Cook NR, Rimm EB, Ridker PM, Buring JE, Lee IM. 
Physical activity and incident cardiovascular disease in women: 
is the relation modified by level of global cardiovascular risk? 
J Am Heart Assoc 2018; 7: e008234.

68	 O’Neil A, Scovelle AJ, Milner AJ, Kavanagh A. Gender/sex as a social 
determinant of cardiovascular risk. Circulation 2018; 137: 854–64.

69	 Reimers AK, Schmidt SCE, Demetriou Y, Marzi I, Woll A. 
Parental and peer support and modelling in relation to domain-
specific physical activity participation in boys and girls from 
Germany. PLoS One 2019; 14: e0223928.

70	 Jefferis BJ, Sartini C, Lee IM, et al. Adherence to physical activity 
guidelines in older adults, using objectively measured physical 
activity in a population-based study. BMC Public Health 2014; 
14: 382.

71	 Huxley RR, Woodward M. Cigarette smoking as a risk factor for 
coronary heart disease in women compared with men: a systematic 
review and meta-analysis of prospective cohort studies. Lancet 2011; 
378: 1297–305.

72	 Anand SS, Islam S, Rosengren A, et al. Risk factors for myocardial 
infarction in women and men: insights from the INTERHEART 
study. Eur Heart J 2008; 29: 932–40.

73	 Collaborators GBDT. Smoking prevalence and attributable disease 
burden in 195 countries and territories, 1990–2015: a systematic 
analysis from the Global Burden of Disease Study 2015. Lancet 2017; 
389: 1885–906.

74	 Olie V, Pasquereau A, Assogba FAG, et al. Changes in tobacco-
related morbidity and mortality in French women: worrying trends. 
Eur J Public Health 2020; 30: 380–85.

75	 Guh JY, Chen HC, Tsai JF, Chuang LY. Betel-quid use is associated 
with heart disease in women. Am J Clin Nutr 2007; 85: 1229–35.

76	 Vidyasagaran AL, Siddiqi K, Kanaan M. Use of smokeless tobacco 
and risk of cardiovascular disease: a systematic review and meta-
analysis. Eur J Prev Cardiol 2016; 23: 1970–81.

77	 Qasim H, Karim ZA, Rivera JO, Khasawneh FT, Alshbool FZ. 
Impact of electronic cigarettes on the cardiovascular system. 
J Am Heart Assoc 2017; 6: e006353.

78	 Bhatnagar A, Whitsel LP, Ribisl KM, et al. Electronic cigarettes: 
a policy statement from the American Heart Association. 
Circulation 2014; 130: 1418–36.

79	 Burki TK. Latin America makes progress on tobacco control. 
Lancet Respir Med 2017; 5: 470.

80	 Honigberg MC, Zekavat SM, Aragam K. Association of premature 
natural and surgical menopause with incident cardiovascular 
disease. JAMA 2019; 322: 2411–21.

81	 Mendelsohn ME, Karas RH. Molecular and cellular basis of 
cardiovascular gender differences. Science 2005; 308: 1583–87.

82	 Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits of 
estrogen plus progestin in healthy postmenopausal women: 
principal results from the Women’s Health Initiative randomized 
controlled trial. JAMA 2002; 288: 321–33.

83	 Tepper NK, Godfrey EM, Folger SG, Whiteman MK, 
Marchbanks PA, Curtis KM. Hormonal contraceptive use among 
women of older reproductive age: considering risks and benefits. 
J Womens Health (Larchmt) 2018; 27: 413–17.

84	 Peters SA, Woodward M. Women’s reproductive factors and 
incident cardiovascular disease in the UK Biobank. Heart 2018; 
104: 1069–75.

85	 Greendale GA, Sternfeld B, Huang M, et al. Changes in body 
composition and weight during the menopause transition. 
JCI Insight 2019; 4: 124865.

86	 Zhao D, Guallar E, Ouyang P, et al. Endogenous sex hormones and 
incident cardiovascular disease in post-menopausal women. 
J Am Coll Cardiol 2018; 71: 2555–66.

87	 Zhu D, Chung HF, Dobson AJ, et al. Age at natural menopause and 
risk of incident cardiovascular disease: a pooled analysis of 
individual patient data. Lancet Public Health 2019; 4: e553–64.

88	 Honigberg MC, Zekavat SM, Aragam K, et al. Association of 
premature natural and surgical menopause with incident 
cardiovascular disease. JAMA 2019; 322: 2411.

89	 Kok HS, van Asselt KM, van der Schouw YT, et al. Heart disease 
risk determines menopausal age rather than the reverse. 
J Am Coll Cardiol 2006; 47: 1976–83.

90	 Manson JE, Chlebowski RT, Stefanick ML, et al. Menopausal 
hormone therapy and health outcomes during the intervention and 
extended poststopping phases of the Women’s Health Initiative 
randomized trials. JAMA 2013; 310: 1353–68.

91	 Rossouw JE, Prentice RL, Manson JE, et al. Postmenopausal 
hormone therapy and risk of cardiovascular disease by age and 
years since menopause. JAMA 2007; 297: 1465–77.

92	 Hodis HN, Mack WJ, Henderson VW, et al. Vascular effects of early 
versus late postmenopausal treatment with estradiol. N Engl J Med 
2016; 374: 1221–31.

93	 Hulley S, Grady D, Bush T, et al. Randomized trial of estrogen plus 
progestin for secondary prevention of coronary heart disease in 
postmenopausal women. Heart and Estrogen/progestin 
Replacement Study (HERS) Research Group. JAMA 1998; 
280: 605–13.

94	 Lundberg GP, Wenger NK. Menopause hormone therapy: what a 
cardiologist needs to know. July 18, 2019. https://www.acc.org/
latest-in-cardiology/articles/2019/07/17/11/56/menopause-hormone-
therapy (accessed April 23, 2021).

95	 Minissian MB, Kilpatrick S, Eastwood JA, et al. Association of 
spontaneous preterm delivery and future maternal cardiovascular 
disease. Circulation 2018; 137: 865–71.

96	 Leon LJ, McCarthy FP, Direk K, et al. Preeclampsia and 
cardiovascular disease in a large UK pregnancy cohort of linked 
electronic health records: a CALIBER study. Circulation 2019; 
140: 1050–60.

97	 Kramer CK, Campbell S, Retnakaran R. Gestational diabetes and 
the risk of cardiovascular disease in women: a systematic review 
and meta-analysis. Diabetologia 2019; 62: 905–14.

98	 Timpka S, Fraser A, Schyman T, et al. The value of pregnancy 
complication history for 10-year cardiovascular disease risk 
prediction in middle-aged women. Eur J Epidemiol 2018; 33: 1003–10.

99	 Mosca L, Linfante AH, Benjamin EJ, et al. National study of 
physician awareness and adherence to cardiovascular disease 
prevention guidelines. Circulation 2005; 111: 499–510.

100	 Practice Guideline. ACOG practice bulletin no. 206: use of hormonal 
contraception in women with coexisting medical conditions. 
Obstet Gynecol 2019; 133: e128–50.

101	 Farley TM, Meirik O, Chang CL, Poulter NR. Combined oral 
contraceptives, smoking, and cardiovascular risk. 
J Epidemiol Community Health 1998; 52: 775–85.

102	 Curtis KM, Mohllajee AP, Martins SL, Peterson HB. Combined oral 
contraceptive use among women with hypertension: a systematic 
review. Contraception 2006; 73: 179–88.

103	 Stampfer MJ, Willett WC, Colditz GA, Speizer FE, 
Hennekens CH. A prospective study of past use of oral 
contraceptive agents and risk of cardiovascular diseases. 
N Engl J Med 1988; 319: 1313–17.

104	 Bozdag G, Mumusoglu S, Zengin D, Karabulut E, Yildiz BO. 
The prevalence and phenotypic features of polycystic ovary 
syndrome: a systematic review and meta-analysis. Hum Reprod 2016; 
31: 2841–55.

105	 Boomsma CM, Eijkemans MJ, Hughes EG, Visser GH, Fauser BC, 
Macklon NS. A meta-analysis of pregnancy outcomes in women 
with polycystic ovary syndrome. Hum Reprod Update 2006; 
12: 673–83.

106	 Merz CNB, Shaw LJ, Azziz R, et al. Cardiovascular disease and 
10-year mortality in postmenopausal women with clinical features 
of polycystic ovary syndrome. J Womens Health 2016; 25: 875–81.

107	 Zhou Y, Wang X, Jiang Y, et al. Association between polycystic ovary 
syndrome and the risk of stroke and all-cause mortality: insights 
from a meta-analysis. Gynecol Endocrinol 2017; 33: 904–10.

108	 Zhao L, Zhu Z, Lou H, et al. Polycystic ovary syndrome (PCOS) and 
the risk of coronary heart disease (CHD): a meta-analysis. 
Oncotarget 2016; 7: 33715–21.

109	 Bentley-Lewis R, Seely E, Dunaif A. Ovarian hypertension: 
polycystic ovary syndrome. Endocrinol Metab Clin North Am 2011; 
40: 433–49, ix–x.



The Lancet Commissions

www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X	 43

110	 Daan NM, Louwers YV, Koster MP, et al. Cardiovascular and 
metabolic profiles amongst different polycystic ovary syndrome 
phenotypes: who is really at risk? Fertil Steril 2014; 
102: 1444–51.e3.

111	 Young L, Cho L. Unique cardiovascular risk factors in women. 
Heart 2019; 105: 1656–60.

112	 Fairweather D, Frisancho-Kiss S, Rose NR. Sex differences in 
autoimmune disease from a pathological perspective. Am J Pathol 
2008; 173: 600–09.

113	 Durante A, Bronzato S. The increased cardiovascular risk in 
patients affected by autoimmune diseases: review of the various 
manifestations. J Clin Med Res 2015; 7: 379–84.

114	 Schoenfeld SR, Lu L, Rai SK, Seeger JD, Zhang Y, Choi HK. 
Statin use and mortality in rheumatoid arthritis: a general 
population-based cohort study. Ann Rheum Dis 2016; 75: 1315–20.

115	 O’Neil A, Fisher AJ, Kibbey KJ, et al. Depression is a risk factor for 
incident coronary heart disease in women: an 18-year longitudinal 
study. J Affect Disord 2016; 196: 117–24.

116	 Wheeler A, Schrader G, Tucker G, Adams R, Tavella R, Beltrame JF. 
Prevalence of depression in patients with chest pain and 
non-obstructive coronary artery disease. Am J Cardiol 2013; 
112: 656–59.

117	 Prata J, Ramos S, Martins AQ, Rocha-Gonçalves F, Coelho R. 
Women with coronary artery disease: do psychosocial factors 
contribute to a higher cardiovascular risk? Cardiol Rev 2014; 
22: 25–29.

118	 Lespérance F, Frasure-Smith N, Talajic M, Bourassa MG. Five-year 
risk of cardiac mortality in relation to initial severity and one-year 
changes in depression symptoms after myocardial infarction. 
Circulation 2002; 105: 1049–53.

119	 Denollet J, Martens EJ, Smith OR, Burg MM. Efficient assessment 
of depressive symptoms and their prognostic value in myocardial 
infarction patients. J Affect Disord 2010; 120: 105–11.

120	 Xu X, Bao H, Strait KM, et al. Perceived stress after acute 
myocardial infarction: a comparison between young and middle-
aged women versus men. Psychosom Med 2017; 79: 50–58.

121	 Anand SS, Razak F, Davis AD, et al. Social disadvantage and 
cardiovascular disease: development of an index and analysis of age, 
sex, and ethnicity effects. Int J Epidemiol 2006; 35: 1239–45.

122	 Hare DL, Stewart AGO, Driscoll A, Mathews S, Toukhsati SR. 
Screening, referral and treatment of depression by Australian 
cardiologists. Heart Lung Circ 2020; 29: 401–04.

123	 Jha MK, Qamar A, Vaduganathan M, Charney DS, Murrough JW. 
Screening and management of depression in patients with 
cardiovascular disease: JACC state-of-the-art review. 
J Am Coll Cardiol 2019; 73: 1827–45.

124	 Garcia-Moreno C, Jansen HAFM, Ellsberg M, Heise L, Watts CH, 
on behalf of the WHO Multi-country Study on Women’s Health and 
Domestic Violence against Women Study Team. Prevalence of 
intimate partner violence: findings from the WHO multi-country 
study on women’s health and domestic violence. Lancet 2006; 
368: 1260–69.

125	 Scott-Storey KA. Abuse as a gendered risk factor for cardiovascular 
disease: a conceptual model. J Cardiovasc Nurs 2013; 28: E1–8.

126	 Wright EN, Hanlon A, Lozano A, Teitelman AM. The association 
between intimate partner violence and 30-year cardiovascular 
disease risk among young adult women. J Interpers Violence 2018; 
published online December 7. https://doi.org/10.1177/ 
0886260518816324.

127	 Wright EN, Hanlon A, Lozano A, Teitelman AM. The impact of 
intimate partner violence, depressive symptoms, alcohol 
dependence, and perceived stress on 30-year cardiovascular disease 
risk among young adult women: a multiple mediation analysis. 
Prev Med 2019; 121: 47–54.

128	 Breiding MJ, Black MC, Ryan GW. Chronic disease and health risk 
behaviors associated with intimate partner violence—18 US states/
territories, 2005. Ann Epidemiol 2008; 18: 538–44.

129	 Stene LE, Jacobsen GW, Dyb G, Tverdal A, Schei B. Intimate 
partner violence and cardiovascular risk in women: a population-
based cohort study. J Womens Health (Larchmt) 2013; 22: 250–58.

130	 Newton TL, Parker BC, Ho IK. Ambulatory cardiovascular 
functioning in healthy postmenopausal women with victimization 
histories. Biol Psychol 2005; 70: 121–30.

131	 Greenberg KL, Leiter E, Donchin M, Agbaria N, Karjawally M, 
Zwas DR. Cardiovascular health literacy and patient-physician 
communication intervention in women from disadvantaged 
communities. Eur J Prev Cardiol 2019; 26: 1762–70.

132	 Ghisi GLM, Chaves GSDS, Britto RR, Oh P. Health literacy and 
coronary artery disease: a systematic review. Patient Educ Couns 
2018; 101: 177–84.

133	 Berkman ND, Davis TC, McCormack L. Health literacy: what is it? 
J Health Commun 2010; 15 (suppl 2): 9–19.

134	 Diederichs C, Jordan S, Domanska O, Neuhauser H. Health literacy 
in men and women with cardiovascular diseases and its association 
with the use of health care services—results from the population-
based GEDA2014/2015EHIS survey in Germany. PLoS One 2018; 
13: e0208303.

135	 Clouston SAP, Manganello JA, Richards M. A life course approach 
to health literacy: the role of gender, educational attainment and 
lifetime cognitive capability. Age Ageing 2017; 46: 493–99.

136	 Kutner M, Greenberg E, Jin Y, Paulsen C. The health literacy of 
America’s Adults: results from the 2003 National Assessment of 
Adult Literacy. September, 2006. https://nces.ed.gov/pubs2006/ 
2006483.pdf (accessed April 23, 2021).

137	 Cheng C, Dunn M. Health literacy and the internet: a study on the 
readability of Australian online health information. 
Aust N Z J Public Health 2015; 39: 309–14.

138	 Gupta SS, Teede H, Aroni R. Spicing up your advice for south Asian 
and Anglo-Australians with type 2 diabetes and CVD: do cultural 
constructions of diet matter? Appetite 2018; 120: 679–97.

139	 Bourdrel T, Bind MA, Béjot Y, Morel O, Argacha JF. Cardiovascular 
effects of air pollution. Arch Cardiovasc Dis 2017; 110: 634–42.

140	 Newby DE, Mannucci PM, Tell GS, et al. Expert position paper on air 
pollution and cardiovascular disease. Eur Heart J 2015; 36: 83–93b.

141	 Miller KA, Siscovick DS, Sheppard L, et al. Long-term exposure to 
air pollution and incidence of cardiovascular events in women. 
N Engl J Med 2007; 356: 447–58.

142	 Hart JE, Chiuve SE, Laden F, Albert CM. Roadway proximity and risk 
of sudden cardiac death in women. Circulation 2014; 130: 1474–82.

143	 Argacha JF, Bourdrel T, van de Borne P. Ecology of the 
cardiovascular system: a focus on air-related environmental factors. 
Trends Cardiovasc Med 2018; 28: 112–26.

144	 Schultz WM, Kelli HM, Lisko JC, et al. Socioeconomic status and 
cardiovascular outcomes: challenges and interventions. Circulation 
2018; 137: 2166–78.

145	 Bleiweis R, Boesch D, Cawthorne Gaines A. The basic facts about 
women in poverty. Aug 3, 2020. https://www.americanprogress.
org/issues/women/reports/2020/08/03/488536/basic-facts-
women-poverty/ (accessed April 23, 2021).

146	 Kamphuis CB, Turrell G, Giskes K, Mackenbach JP, van Lenthe FJ. 
Socioeconomic inequalities in cardiovascular mortality and the role 
of childhood socioeconomic conditions and adulthood risk factors: 
a prospective cohort study with 17-years of follow up. 
BMC Public Health 2012; 12: 1045.

147	 Manrique-Garcia E, Sidorchuk A, Hallqvist J, Moradi T. 
Socioeconomic position and incidence of acute myocardial 
infarction: a meta-analysis. J Epidemiol Community Health 2011; 
65: 301–09.

148	 Rosengren A, Smyth A, Rangarajan S, et al. Socioeconomic status and 
risk of cardiovascular disease in 20 low-income, middle-income, and 
high-income countries: the Prospective Urban Rural Epidemiologic 
(PURE) study. Lancet Glob Health 2019; 7: e748–60.

149	 Stringhini S, Zaninotto P, Kumari M, Kivimäki M, Lassale C, 
Batty GD. Socio-economic trajectories and cardiovascular disease 
mortality in older people: the English Longitudinal Study of Ageing. 
Int J Epidemiol 2018; 47: 36–46.

150	 Backholer K, Peters SAE, Bots SH, Peeters A, Huxley RR, 
Woodward M. Sex differences in the relationship between 
socioeconomic status and cardiovascular disease: a systematic review 
and meta-analysis. J Epidemiol Community Health 2017; 71: 550–57.

151	 Jenkins KR, Ofstedal MB. The association between socioeconomic 
status and cardiovascular risk factors among middle-aged and older 
men and women. Women Health 2014; 54: 15–34.

152	 Loucks EB, Rehkopf DH, Thurston RC, Kawachi I. Socioeconomic 
disparities in metabolic syndrome differ by gender: evidence from 
NHANES III. Ann Epidemiol 2007; 17: 19–26.



The Lancet Commissions

44	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

153	 Gebreab SY, Diez Roux AV, Brenner AB, et al. The impact of 
lifecourse socioeconomic position on cardiovascular disease events 
in African Americans: the Jackson Heart Study. J Am Heart Assoc 
2015; 4: e001553.

154	 Drewnowski A, Specter SE. Poverty and obesity: the role of energy 
density and energy costs. Am J Clin Nutr 2004; 79: 6–16.

155	 Garfield C. Chapter 9—variations in family composition. 
In: Carey WB, Coleman WL, Crocker AC, Elias ER, Feldman HM 
eds. Developmental–behavioral pediatrics 4th edn. Philadelphia, 
PA: Saunders, 2009: 94–102.

156	 Wise LA, Krieger N, Zierler S, Harlow BL. Lifetime socioeconomic 
position in relation to onset of perimenopause. 
J Epidemiol Community Health 2002; 56: 851–60.

157	 Brindis CD, Freund KM. The ramifications of recent health policy 
actions for cardiovascular care of women: progress, threats, 
and opportunities. Clin Cardiol 2018; 41: 173–78.

158	 Cook NL, Ayanian JZ, Orav EJ, Hicks LS. Differences in specialist 
consultations for cardiovascular disease by race, ethnicity, gender, 
insurance status, and site of primary care. Circulation 2009; 
119: 2463–70.

159	 Spagnolo PA, Manson JE, Joffe H. Sex and gender differences in 
health: what the COVID-19 pandemic can teach us. Ann Intern Med 
2020; 173: 385–86.

160	 The sex, gender and COVID-19 project. The COVID-19 sex-
disaggregated data tracker. March 10, 2021. https://globalhealth5050.
org/the-sex-gender-and-covid-19-project/ (accessed April 23, 2021).

161	 Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R, Klein SL. 
Impact of sex and gender on COVID-19 outcomes in Europe. 
Biol Sex Differ 2020; 11: 29.

162	 UN Women. The shadow pandemic: violence against women 
during COVID-19. https://www.unwomen.org/en/news/in-focus/
in-focus-gender-equality-in-covid-19-response/violence-against-
women-during-covid-19 (accessed April 23, 2021).

163	 UN Women. Progress of the world’s women: 2019–2020 families in 
a changing world report—global factsheet. https://www.unwomen.
org/-/media/headquarters/attachments/sections/library/
publications/2019/poww-2019-fact-sheet-global-en.pdf?la=en&vs=0 
(accessed April 23, 2021).

164	 Klein SL, Jedlicka A, Pekosz A. The Xs and Y of immune responses 
to viral vaccines. Lancet Infect Dis 2010; 10: 338–49.

165	 Sharma G, Volgman AS, Michos ED. Sex differences in mortality 
from COVID-19 pandemic: are men vulnerable and women 
protected? JACC Case Rep 2020; 2: 1407–10.

166	 Gemmati D, Bramanti B, Serino ML, Secchiero P, Zauli G, Tisato V. 
COVID-19 and individual genetic susceptibility/receptivity: role of 
ACE1/ACE2 genes, immunity, inflammation and coagulation. 
Might the double x-chromosome in females be protective against 
SARS-CoV-2 compared to the single X-chromosome in males? 
Int J Mol Sci 2020; 21: E3474.

167	 Poluzzi E, Raschi E, Motola D, Moretti U, De Ponti F. Antimicrobials 
and the risk of torsades de pointes: the contribution from data 
mining of the US FDA adverse event reporting system. Drug Saf 
2010; 33: 303–14.

168	 Giudicessi JR, Noseworthy PA, Friedman PA, Ackerman MJ. 
Urgent guidance for navigating and circumventing the 
QTc-Prolonging and torsadogenic potential of possible 
pharmacotherapies for coronavirus disease 19 (COVID-19). 
Mayo Clin Proc 2020; 95: 1213–21.

169	 Abi-Gerges N, Philp K, Pollard C, Wakefield I, Hammond TG, 
Valentin JP. Sex differences in ventricular repolarization: from 
cardiac electrophysiology to Torsades de Pointes. 
Fundam Clin Pharmacol 2004; 18: 139–51.

170	 Ebong I, Breathett K. The cardiovascular disease epidemic in 
African American women: recognizing and tackling a persistent 
problem. J Womens Health (Larchmt) 2020; 29: 891–93.

171	 Adler NE, Stewart J. Health disparities across the lifespan: 
meaning, methods, and mechanisms. Ann N Y Acad Sci 2010; 
1186: 5–23.

172	 Braveman P. Health disparities and health equity: concepts and 
measurement. Annu Rev Public Health 2006; 27: 167–94.

173	 Navar-Boggan AM, Peterson ED, D’Agostino RB Sr, Pencina MJ, 
Sniderman AD. Using age- and sex-specific risk thresholds to guide 
statin therapy: one size may not fit all. J Am Coll Cardiol 2015; 
65: 1633–39.

174	 Piepoli MF, Hoes AW, Agewall S, et al. 2016 European guidelines on 
cardiovascular disease prevention in clinical practice: the Sixth Joint 
Task Force of the European Society of Cardiology and other societies 
on cardiovascular disease prevention in clinical practice (constituted 
by representatives of 10 societies and by invited experts) developed 
with the special contribution of the European Association for 
Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J 
2016; 37: 2315–81.

175	 Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline 
on the management of blood cholesterol: a report of the American 
College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. Circulation 2019; 139: e1082–143.

176	 Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA 
guideline on the primary prevention of cardiovascular disease: 
executive summary: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice 
Guidelines. J Am Coll Cardiol 2019; 74: 1376–414.

177	 Rossello X, Dorresteijn JA, Janssen A, et al. Risk prediction tools in 
cardiovascular disease prevention: a report from the ESC 
Prevention of CVD Programme led by the European Association of 
Preventive Cardiology (EAPC) in collaboration with the Acute 
Cardiovascular Care Association (ACCA) and the Association of 
Cardiovascular Nursing and Allied Professions (ACNAP). 
Eur J Prev Cardiol 2019; 26: 1534–44.

178	 Lloyd-Jones DM, Braun LT, Ndumele CE, et al. Use of risk 
assessment tools to guide decision-making in the primary 
prevention of atherosclerotic cardiovascular disease: a special report 
from the American Heart Association and American College of 
Cardiology. J Am Coll Cardiol 2019; 73: 3153–67.

179	 Mosca L, Mochari-Greenberger H, Dolor RJ, Newby LK, Robb KJ. 
Twelve-year follow-up of American women’s awareness of 
cardiovascular disease risk and barriers to heart health. 
Circ Cardiovasc Qual Outcomes 2010; 3: 120–27.

180	 American College of Cardiology and American Heart Association. 
ASCVD risk estimator. https://tools.acc.org/ldl/ascvd_risk_
estimator/index.html#!/calulate/estimator/ (accessed 
April 23, 2021).

181	 von Dadelszen P, Magee LA. Strategies to reduce the global burden 
of direct maternal deaths. Obstet Med 2017; 10: 5–9.

182	 Maas AHEM. Maintaining cardiovascular health: an approach 
specific to women. Maturitas 2019; 124: 68–71.

183	 Shaw LJ, Shaw RE, Merz CN, et al. Impact of ethnicity and gender 
differences on angiographic coronary artery disease prevalence and 
in-hospital mortality in the American College of Cardiology–
National Cardiovascular Data Registry. Circulation 2008; 
117: 1787–801.

184	 Bairey Merz CN, Pepine CJ, Walsh MN, et al. Ischemia and no 
obstructive coronary artery disease (INOCA): developing evidence-
based therapies and research agenda for the next decade. Circulation 
2017; 135: 1075–92.

185	 Shaw LJ, Merz CN, Pepine CJ, et al. The economic burden of 
angina in women with suspected ischemic heart disease: 
results from the National Institutes of Health—National Heart, 
Lung, and Blood Institute—sponsored Women’s Ischemia 
Syndrome Evaluation. Circulation 2006; 114: 894–904.

186	 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; 
5: 773–86.

187	 Jespersen L, Hvelplund A, Abildstrøm SZ, et al. Stable angina 
pectoris with no obstructive coronary artery disease is associated 
with increased risks of major adverse cardiovascular events. 
Eur Heart J 2012; 33: 734–44.

188	 Padro T, Manfrini O, Bugiardini R, et al. ESC Working Group on 
Coronary Pathophysiology and Microcirculation position paper on 
‘coronary microvascular dysfunction in cardiovascular disease’. 
Cardiovasc Res 2020; 116: 741–55.

189	 Kunadian V, Chieffo A, Camici PG, et al. An EAPCI expert 
consensus document on ischaemia with non-obstructive coronary 
arteries in collaboration with European Society of Cardiology 
Working Group on Coronary Pathophysiology & Microcirculation 
endorsed by Coronary Vasomotor Disorders International Study 
Group. Eur Heart J 2020; 41: 3504–20.



The Lancet Commissions

www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X	 45

190	 Hung MY, Hsu KH, Hung MJ, Cheng CW, Cherng WJ. Interactions 
among gender, age, hypertension and C-reactive protein in coronary 
vasospasm. Eur J Clin Invest 2010; 40: 1094–103.

191	 Jones E, Eteiba W, Merz NB. Cardiac syndrome X and microvascular 
coronary dysfunction. Trends Cardiovasc Med 2012; 22: 161–68.

192	 Ong P, Camici PG, Beltrame JF, et al. International standardization 
of diagnostic criteria for microvascular angina. Int J Cardiol 2018; 
250: 16–20.

193	 Lanza GA, Crea F. Primary coronary microvascular dysfunction: 
clinical presentation, pathophysiology, and management. 
Circulation 2010; 121: 2317–25.

194	 Taqueti VR, Di Carli MF. Coronary microvascular disease 
pathogenic mechanisms and therapeutic options: JACC state-of-the-
art review. J Am Coll Cardiol 2018; 72: 2625–41.

195	 Bortone AS, Hess OM, Eberli FR, et al. Abnormal coronary 
vasomotion during exercise in patients with normal coronary 
arteries and reduced coronary flow reserve. Circulation 1989; 
79: 516–27.

196	 Mosseri M, Yarom R, Gotsman MS, Hasin Y. Histologic evidence 
for small-vessel coronary artery disease in patients with angina 
pectoris and patent large coronary arteries. Circulation 1986; 
74: 964–72.

197	 Beltrame JF, Crea F, Kaski JC, et al. International standardization of 
diagnostic criteria for vasospastic angina. Eur Heart J 2017; 
38: 2565–68.

198	 Ford TJ, Stanley B, Sidik N, et al. 1-year outcomes of angina 
management guided by invasive coronary function testing 
(CorMicA). JACC Cardiovasc Interv 2020; 13: 33–45.

199	 Knuuti J, Wijns W, Saraste A, et al. ESC Guidelines for the 
diagnosis and management of chronic coronary syndromes. 
Eur Heart J 2020; 41: 407–77.

200	 Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC 
guidelines on the management of stable coronary artery disease: 
the Task Force on the management of stable coronary artery 
disease of the European Society of Cardiology. Eur Heart J 2013; 
34: 2949–3003.

201	 Khuddus MA, Pepine CJ, Handberg EM, et al. An intravascular 
ultrasound analysis in women experiencing chest pain in the 
absence of obstructive coronary artery disease: a substudy from the 
National Heart, Lung and Blood Institute-sponsored Women’s 
Ischemia Syndrome Evaluation (WISE). J Interv Cardiol 2010; 
23: 511–19.

202	 Pasupathy S, Air T, Dreyer RP, Tavella R, Beltrame JF. Systematic 
review of patients presenting with suspected myocardial 
infarction and nonobstructive coronary arteries. Circulation 2015; 
131: 861–70.

203	 Reynolds HR, Maehara A, Kwong RY, et al. Coronary optical 
coherence tomography and cardiac magnetic resonance imaging to 
determine underlying causes of myocardial infarction with 
nonobstructive coronary arteriesin women. Circulation 2021; 
143: 624–40.

204	 Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the 
management of acute myocardial infarction in patients presenting 
with ST-segment elevation: the Task Force for the management of 
acute myocardial infarction in patients presenting with ST-segment 
elevation of the European Society of Cardiology (ESC). Eur Heart J 
2018; 39: 119–77.

205	 Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of 
myocardial infarction. Eur Heart J 2012; 33: 2551–67.

206	 Collet JP, Thiele H, Barbato E, et al. 2020 ESC Guidelines for the 
management of acute coronary syndromes in patients presenting 
without persistent ST-segment elevation. Eur Heart J 2020; 
published online Aug 29. https://doi.org/10.1093/eurheartj/
ehaa575.

207	 Tamis-Holland JE, Jneid H, Reynolds HR, et al. Contemporary 
diagnosis and management of patients with myocardial infarction 
in the absence of obstructive coronary artery disease: a scientific 
statement from the American Heart Association. Circulation 2019; 
139: e891–908.

208	 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 Cardiovasc Qual Outcomes 2017; 10: e003443.

209	 Bainey KR, Welsh RC, Alemayehu W, et al. Population-level 
incidence and outcomes of myocardial infarction with 
non-obstructive coronary arteries (MINOCA): insights from the 
Alberta contemporary acute coronary syndrome patients invasive 
treatment strategies (COAPT) study. Int J Cardiol 2018; 264: 12–17.

210	 Kang WY, Jeong MH, Ahn YK, et al. Are patients with 
angiographically near-normal coronary arteries who present as 
acute myocardial infarction actually safe? Int J Cardiol 2011; 
146: 207–12.

211	 Planer D, Mehran R, Ohman EM, et al. Prognosis of patients with 
non-ST-segment-elevation myocardial infarction and nonobstructive 
coronary artery disease: propensity-matched analysis from the 
Acute Catheterization and Urgent Intervention Triage Strategy trial. 
Circ Cardiovasc Interv 2014; 7: 285–93.

212	 Andersson HB, Pedersen F, Engstrøm T, et al. Long-term survival 
and causes of death in patients with ST-elevation acute coronary 
syndrome without obstructive coronary artery disease. Eur Heart J 
2018; 39: 102–10.

213	 Grodzinsky A, Arnold SV, Gosch K, et al. Angina frequency after 
acute myocardial infarction in patients without obstructive coronary 
artery disease. Eur Heart J Qual Care Clin Outcomes 2015; 1: 92–99.

214	 Hayes SN, Kim ESH, Saw J, et al. Spontaneous coronary artery 
dissection: current state of the science: a scientific statement 
from the American Heart Association. Circulation 2018; 
137: e523–57.

215	 Nishiguchi T, Tanaka A, Ozaki Y, et al. Prevalence of spontaneous 
coronary artery dissection in patients with acute coronary 
syndrome. Eur Heart J Acute Cardiovasc Care 2016; 5: 263–70.

216	 Saw J. Spontaneous coronary artery dissection. Can J Cardiol 2013; 
29: 1027–33.

217	 Saw J, Mancini GBJ, Humphries KH. Contemporary review on 
spontaneous coronary artery dissection. J Am Coll Cardiol 2016; 
68: 297–312.

218	 Saw J, Aymong E, Mancini GB, Sedlak T, Starovoytov A, Ricci D. 
Nonatherosclerotic coronary artery disease in young women. 
Can J Cardiol 2014; 30: 814–19.

219	 Nakashima T, Noguchi T, Haruta S, et al. Prognostic impact of 
spontaneous coronary artery dissection in young female patients 
with acute myocardial infarction: a report from the Angina Pectoris-
Myocardial Infarction Multicenter Investigators in Japan. 
Int J Cardiol 2016; 207: 341–48.

220	 Rashid HN, Wong DT, Wijesekera H, et al. Incidence and 
characterisation of spontaneous coronary artery dissection as a 
cause of acute coronary syndrome—a single-centre Australian 
experience. Int J Cardiol 2016; 202: 336–38.

221	 Elkayam U, Jalnapurkar S, Barakkat MN, et al. Pregnancy-
associated acute myocardial infarction: a review of contemporary 
experience in 150 cases between 2006 and 2011. Circulation 2014; 
129: 1695–702.

222	 Saw J, Ricci D, Starovoytov A, Fox R, Buller CE. Spontaneous 
coronary artery dissection: prevalence of predisposing conditions 
including fibromuscular dysplasia in a tertiary center cohort. 
JACC Cardiovasc Interv 2013; 6: 44–52.

223	 Saw J, Aymong E, Sedlak T, et al. Spontaneous coronary artery 
dissection: association with predisposing arteriopathies and 
precipitating stressors and cardiovascular outcomes. 
Circ Cardiovasc Interv 2014; 7: 645–55.

224	 Prasad M, Tweet MS, Hayes SN, et al. Prevalence of extracoronary 
vascular abnormalities and fibromuscular dysplasia in patients with 
spontaneous coronary artery dissection. Am J Cardiol 2015; 
115: 1672–77.

225	 Saw J, Humphries K, Aymong E, et al. Spontaneous coronary artery 
dissection: clinical outcomes and risk of recurrence. 
J Am Coll Cardiol 2017; 70: 1148–58.

226	 Tweet MS, Hayes SN, Codsi E, Gulati R, Rose CH, Best PJM. 
Spontaneous coronary artery dissection associated with pregnancy. 
J Am Coll Cardiol 2017; 70: 426–35.

227	 Henkin S, Negrotto SM, Tweet MS, et al. Spontaneous coronary 
artery dissection and its association with heritable connective tissue 
disorders. Heart 2016; 102: 876–81.

228	 Saw J, Starovoytov A, Humphries K, et al. Canadian Spontaneous 
Coronary Artery Dissection cohort study: in-hospital and 30-day 
outcomes. Eur Heart J 2019; 40: 1188–97.



The Lancet Commissions

46	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

229	 Chou AY, Prakash R, Rajala J, et al. The first dedicated cardiac 
rehabilitation program for patients with spontaneous coronary 
artery dissection: description and initial results. Can J Cardiol 2016; 
32: 554–60.

230	 European Society of Cardiology. Spontaneous Coronary Arterious 
Dissection (SCAD) Registry. https://www.escardio.org/Research/
Registries-&-surveys/Observational-research-programme/
spontaneous-coronary-arterious-dissection-scad-registry (accessed 
April 23, 2021).

231	 O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA 
guideline for the management of ST-elevation myocardial 
infarction: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 2013; 61: e78–140.

232	 Kaul P, Armstrong PW, Sookram S, Leung BK, Brass N, Welsh RC. 
Temporal trends in patient and treatment delay among men and 
women presenting with ST-elevation myocardial infarction. 
Am Heart J 2011; 161: 91–97.

233	 Kang SH, Suh JW, Yoon CH, et al. Sex differences in management 
and mortality of patients with ST-elevation myocardial infarction 
(from the Korean Acute Myocardial Infarction National Registry). 
Am J Cardiol 2012; 109: 787–93.

234	 Pagidipati NJ, Peterson ED. Acute coronary syndromes in women 
and men. Nat Rev Cardiol 2016; 13: 471–80.

235	 Lichtman JH, Leifheit-Limson EC, Watanabe E, et al. Symptom 
recognition and healthcare experiences of young women with acute 
myocardial infarction. Circ Cardiovasc Qual Outcomes 2015; 
8 (suppl 1): S31–38.

236	 Melberg T, Kindervaag B, Rosland J. Gender-specific ambulance 
priority and delays to primary percutaneous coronary intervention: 
a consequence of the patients’ presentation or the management at 
the emergency medical communications center? Am Heart J 2013; 
166: 839–45.

237	 Dey S, Flather MD, Devlin G, et al. Sex-related differences in the 
presentation, treatment and outcomes among patients with acute 
coronary syndromes: the Global Registry of Acute Coronary Events. 
Heart 2009; 95: 20–26.

238	 Mahmoud KD, Gu YL, Nijsten MW, et al. Interhospital transfer 
due to failed prehospital diagnosis for primary percutaneous 
coronary intervention: an observational study on incidence, 
predictors, and clinical impact. Eur Heart J Acute Cardiovasc Care 
2013; 2: 166–75.

239	 Hao Y, Liu J, Liu J, et al. Sex differences in in-hospital management 
and outcomes of patients with acute coronary syndrome. Circulation 
2019; 139: 1776–85.

240	 Jackson AM, Zhang R, Findlay I, et al. Healthcare disparities for 
women hospitalized with myocardial infarction and angina. 
Eur Heart J Qual Care Clin Outcomes 2020; 6: 156–65.

241	 Wilkinson C, Bebb O, Dondo TB, et al. Sex differences in quality 
indicator attainment for myocardial infarction: a nationwide cohort 
study. Heart 2019; 105: 516–23.

242	 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; 71: 2122–32.

243	 Wei J, Mehta PK, Grey E, et al. Sex-based differences in quality of 
care and outcomes in a health system using a standardized STEMI 
protocol. Am Heart J 2017; 191: 30–36.

244	 Barakat K, Wilkinson P, Suliman A, Ranjadayalan K, Timmis A. 
Acute myocardial infarction in women: contribution of 
treatment variables to adverse outcome. Am Heart J 2000; 
140: 740–46.

245	 Eitel I, Desch S, de Waha S, et al. Sex differences in myocardial 
salvage and clinical outcome in patients with acute reperfused 
ST-elevation myocardial infarction: advances in cardiovascular 
imaging. Circ Cardiovasc Imaging 2012; 5: 119–26.

246	 Jackson EA, Moscucci M, Smith DE, et al. The association of sex 
with outcomes among patients undergoing primary percutaneous 
coronary intervention for ST elevation myocardial infarction in the 
contemporary era: insights from the Blue Cross Blue Shield of 
Michigan Cardiovascular Consortium (BMC2). Am Heart J 2011; 
161: 106–12.e1.

247	 Cenko E, Yoon J, Kedev S, et al. Sex differences in outcomes after 
STEMI: effect modification by treatment strategy and age. 
JAMA Intern Med 2018; 178: 632–39.

248	 Alabas OA, Gale CP, Hall M, et al. Sex differences in treatments, 
relative survival, and excess mortality following acute myocardial 
infarction: national cohort study using the SWEDEHEART registry. 
J Am Heart Assoc 2017; 6: e007123.

249	 Vaccarino V, Parsons L, Every NR, Barron HV, Krumholz HM. 
Sex-based differences in early mortality after myocardial infarction. 
National Registry of Myocardial Infarction 2 Participants. 
N Engl J Med 1999; 341: 217–25.

250	 De Luca L, Marini M, Gonzini L, et al. Contemporary trends and 
age-specific sex differences in management and outcome for 
patients with ST-Segment elevation myocardial infarction. 
J Am Heart Assoc 2016; 5: e004202.

251	 Bugiardini R, Ricci B, Cenko E, et al. Delayed care and mortality 
among women and men with myocardial infarction. 
J Am Heart Assoc 2017; 6: e005968.

252	 Akhter N, Milford-Beland S, Roe MT, Piana RN, Kao J, Shroff A. 
Gender differences among patients with acute coronary syndromes 
undergoing percutaneous coronary intervention in the American 
College of Cardiology–National Cardiovascular Data Registry 
(ACC–NCDR). Am Heart J 2009; 157: 141–48.

253	 Kosmidou I, Redfors B, Selker HP, et al. Infarct size, left ventricular 
function, and prognosis in women compared to men after primary 
percutaneous coronary intervention in ST-segment elevation 
myocardial infarction: results from an individual patient-level 
pooled analysis of 10 randomized trials. Eur Heart J 2017; 
38: 1656–63.

254	 Mehta S, Granger CB, Henry TD, et al. Reducing system delays in 
treatment of ST elevation myocardial infarction and confronting the 
challenges of late presentation in low and middle-income countries. 
Indian Heart J 2017; 69 (suppl 1): S1–5.

255	 Leifheit-Limson EC, D’Onofrio G, Daneshvar M, et al. 
Sex differences in cardiac risk factors, perceived risk, and health 
care provider discussion of risk and risk modification among young 
patients with acute myocardial infarction: the VIRGO study. 
J Am Coll Cardiol 2015; 66: 1949–57.

256	 Cenko E, Ricci B, Kedev S, et al. Invasive versus conservative 
strategy in acute coronary syndromes: the paradox in women’s 
outcomes. Int J Cardiol 2016; 222: 1110–15.

257	 Hochman JS, Tamis JE, Thompson TD, et al. Sex, clinical 
presentation, and outcome in patients with acute coronary 
syndromes. Global Use of Strategies to Open Occluded Coronary 
Arteries in Acute Coronary Syndromes IIb Investigators. 
N Engl J Med 1999; 341: 226–32.

258	 Sarma AA, Braunwald E, Cannon CP, et al. Outcomes of women 
compared with men after non-ST-segment elevation acute coronary 
syndromes. J Am Coll Cardiol 2019; 74: 3013–22.

259	 Champney KP, Frederick PD, Bueno H, et al. The joint 
contribution of sex, age and type of myocardial infarction on 
hospital mortality following acute myocardial infarction. Heart 
2009; 95: 895–99.

260	 Canto JG, Rogers WJ, Goldberg RJ, et al. Association of age and sex 
with myocardial infarction symptom presentation and in-hospital 
mortality. JAMA 2012; 307: 813–22.

261	 Yandrapalli S, Nabors C, Goyal A, Aronow WS, Frishman WH. 
modifiable risk factors in young adults with first myocardial 
infarction. J Am Coll Cardiol 2019; 73: 573–84.

262	 Vaccarino V, Sullivan S, Hammadah M, et al. Mental stress-
induced-myocardial ischemia in young patients with recent 
myocardial infarction: sex differences and mechanisms. Circulation 
2018; 137: 794–805.

263	 Pelletier R, Khan NA, Cox J, et al. Sex versus gender-related 
characteristics: which predicts outcome after acute coronary 
syndrome in the young? J Am Coll Cardiol 2016; 67: 127–35.

264	 Benjamin EJ, Muntner P, Alonso A, et al. Heart disease and stroke 
statistics-2019 update: a report from the American Heart 
Association. Circulation 2019; 139: e56–528.

265	 Lam CSP, Arnott C, Beale AL, et al. Sex differences in heart failure. 
Eur Heart J 2019; 40: 3859–3868c.

266	 Ceia F, Fonseca C, Mota T, et al. Prevalence of chronic heart failure 
in southwestern Europe: the EPICA study. Eur J Heart Fail 2002; 
4: 531–39.

267	 Gerber Y, Weston SA, Redfield MM, et al. A contemporary appraisal 
of the heart failure epidemic in Olmsted County, Minnesota, 
2000 to 2010. JAMA Intern Med 2015; 175: 996–1004.



The Lancet Commissions

www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X	 47

268	 Ho JE, Enserro D, Brouwers FP, et al. Predicting heart failure with 
preserved and reduced ejection fraction: the International 
Collaboration on Heart Failure Subtypes. Circ Heart Fail 2016; 
9: e003116.

269	 Lawson CA, Zaccardi F, Squire I, et al. 20-year trends in cause-
specific heart failure outcomes by sex, socioeconomic status, and 
place of diagnosis: a population-based study. Lancet Public Health 
2019; 4: e406–20.

270	 Bahrami H, Bluemke DA, Kronmal R, et al. Novel metabolic risk 
factors for incident heart failure and their relationship with obesity: 
the MESA (Multi-Ethnic Study of Atherosclerosis) study. 
J Am Coll Cardiol 2008; 51: 1775–83.

271	 Ohkuma T, Komorita Y, Peters SAE, Woodward M. Diabetes as a 
risk factor for heart failure in women and men: a systematic review 
and meta-analysis of 47 cohorts including 12 million individuals. 
Diabetologia 2019; 62: 1550–60.

272	 Eaton CB, Pettinger M, Rossouw J, et al. Risk factors for incident 
hospitalized heart failure with preserved versus reduced ejection 
fraction in a multiracial cohort of postmenopausal women. 
Circ Heart Fail 2016; 9: e002883.

273	 Savji N, Meijers WC, Bartz TM, et al. The association of obesity and 
cardiometabolic traits with incident HFpEF and HFrEF. 
JACC Heart Fail 2018; 6: 701–09.

274	 Taylor CJ, Ordóñez-Mena JM, Roalfe AK, et al. Trends in survival 
after a diagnosis of heart failure in the United Kingdom 
2000–2017: population based cohort study. BMJ 2019; 364: l223.

275	 Rutledge T, Reis VA, Linke SE, Greenberg BH, Mills PJ. Depression 
in heart failure a meta-analytic review of prevalence, intervention 
effects, and associations with clinical outcomes. J Am Coll Cardiol 
2006; 48: 1527–37.

276	 Khariton Y, Nassif ME, Thomas L, et al. Health status disparities by 
sex, race/ethnicity, and socioeconomic status in outpatients with 
heart failure. JACC Heart Fail 2018; 6: 465–73.

277	 Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for 
the diagnosis and treatment of acute and chronic heart failure: 
the Task Force for the diagnosis and treatment of acute and chronic 
heart failure of the European Society of Cardiology (ESC) developed 
with the special contribution of the Heart Failure Association (HFA) 
of the ESC. Eur Heart J 2016; 37: 2129–200.

278	 Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA 
focused update of the 2013 ACCF/AHA guideline for the 
management of heart failure: a report of the American College of 
Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines and the Heart Failure Society of America. 
Circulation 2017; 136: e137–61.

279	 Packer M, Anker SD, Butler J, et al. Cardiovascular and renal 
outcomes with empagliflozin in heart failure. N Engl J Med 2020; 
383: 1413–24.

280	 McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in 
patients with heart failure and reduced ejection fraction. 
N Engl J Med 2019; 381: 1995–2008.

281	 Rossello X, Ferreira JP, Pocock SJ, et al. Sex differences in 
mineralocorticoid receptor antagonist trials: a pooled analysis of 
three large clinical trials. Eur J Heart Fail 2020; 22: 834–44.

282	 Shekelle PG, Rich MW, Morton SC, et al. Efficacy of angiotensin-
converting enzyme inhibitors and beta-blockers in the management 
of left ventricular systolic dysfunction according to race, gender, 
and diabetic status: a meta-analysis of major clinical trials. 
J Am Coll Cardiol 2003; 41: 1529–38.

283	 Jochmann N, Stangl K, Garbe E, Baumann G, Stangl VJEHJ. 
Female-specific aspects in the pharmacotherapy of chronic 
cardiovascular diseases. Eur Heart J 2005; 26: 1585–95.

284	 Luzier AB, Killian A, Wilton JH, Wilson MF, Forrest A, Kazierad DJ. 
Gender-related effects on metoprolol pharmacokinetics and 
pharmacodynamics in healthy volunteers. Clin Pharmacol Ther 
1999; 66: 594–601.

285	 Santema BT, Ouwerkerk W, Tromp J, et al. Identifying optimal 
doses of heart failure medications in men compared with women: 
a prospective, observational, cohort study. Lancet 2019; 
394: 1254–63.

286	 McMurray JJV, Jackson AM, Lam CSP, et al. Effects of sacubitril–
valsartan versus valsartan in women compared with men with heart 
failure and preserved ejection fraction: insights from 
PARAGON-HF. Circulation 2020; 141: 338–51.

287	 Linde C, Cleland JGF, Gold MR, et al. The interaction of sex, height, 
and QRS duration on the effects of cardiac resynchronization 
therapy on morbidity and mortality: an individual-patient data 
meta-analysis. Eur J Heart Fail 2018; 20: 780–91.

288	 Arshad A, Moss AJ, Foster E, et al. Cardiac resynchronization 
therapy is more effective in women than in men: the MADIT-CRT 
(Multicenter Automatic Defibrillator Implantation Trial with 
Cardiac Resynchronization Therapy) trial. J Am Coll Cardiol 2011; 
57: 813–20.

289	 Moss AJ, Hall WJ, Cannom DS, et al. Cardiac-resynchronization 
therapy for the prevention of heart-failure events. N Engl J Med 
2009; 361: 1329–38.

290	 Arshad A, Moss AJ, Foster E, et al. Cardiac resynchronization therapy 
is more effective in women than in men: the MADIT-CRT 
(Multicenter Automatic Defibrillator Implantation Trial with Cardiac 
Resynchronization Therapy) trial. J Am Coll Cardiol 2011; 57: 813–20.

291	 Zareba W, Klein H, Cygankiewicz I, et al. Effectiveness of cardiac 
resynchronization therapy by QRS morphology in the Multicenter 
Automatic Defibrillator Implantation Trial–Cardiac Resynchronization 
Therapy (MADIT–CRT). Circulation 2011; 123: 1061–72.

292	 Varma N, Manne M, Nguyen D, He J, Niebauer M, Tchou P. 
Probability and magnitude of response to cardiac resynchronization 
therapy according to QRS duration and gender in nonischemic 
cardiomyopathy and LBBB. Heart Rhythm 2014; 11: 1139–47.

293	 Linde C, Stahlberg M, Benson L, et al. Gender, underutilization of 
cardiac resynchronization therapy, and prognostic impact of QRS 
prolongation and left bundle branch block in heart failure. Europace 
2015; 17: 424–31.

294	 Randolph TC, Hellkamp AS, Zeitler EP, et al. Utilization of cardiac 
resynchronization therapy in eligible patients hospitalized for heart 
failure and its association with patient outcomes. Am Heart J 2017; 
189: 48–58.

295	 Wong SC, Sleeper LA, Monrad ES, et al. Absence of gender 
differences in clinical outcomes in patients with cardiogenic shock 
complicating acute myocardial infarction. A report from the 
SHOCK Trial Registry. J Am Coll Cardiol 2001; 38: 1395–401.

296	 Rubini Gimenez M, Zeymer U, Desch S, et al. Sex-specific 
management in patients with acute myocardial infarction and 
cardiogenic shock: a substudy of the CULPRIT-SHOCK trial. 
Circ Cardiovasc Interv 2020; 13: e008537.

297	 Cenko E, van der Schaar M, Yoon J, et al. Sex-related differences in 
heart failure after ST-segment elevation myocardial infarction. 
J Am Coll Cardiol 2019; 74: 2379–89.

298	 Udell JA, Koh M, Qiu F, et al. Outcomes of women and men 
with acute coronary syndrome treated with and without percutaneous 
coronary revascularization. J Am Heart Assoc 2017; 6: e004319.

299	 Kaul P, Ezekowitz JA, Armstrong PW, et al. Incidence of heart 
failure and mortality after acute coronary syndromes. Am Heart J 
2013; 165: 379–85.e2.

300	 Joseph SM, Brisco MA, Colvin M, Grady KL, Walsh MN, Cook JL. 
Women with cardiogenic shock derive greater benefit from early 
mechanical circulatory support: an update from the cVAD registry. 
J Interv Cardiol 2016; 29: 248–56.

301	 Kurowski V, Kaiser A, von Hof K, et al. Apical and midventricular 
transient left ventricular dysfunction syndrome (tako-tsubo 
cardiomyopathy): frequency, mechanisms, and prognosis. Chest 
2007; 132: 809–16.

302	 Sy F, Basraon J, Zheng H, Singh M, Richina J, Ambrose JA. 
Frequency of Takotsubo cardiomyopathy in postmenopausal 
women presenting with an acute coronary syndrome. Am J Cardiol 
2013; 112: 479–82.

303	 Wedekind H, Möller K, Scholz KH. Tako-tsubo cardiomyopathy. 
Incidence in patients with acute coronary syndrome. Herz 2006; 
31: 339–46 (in German).

304	 Abdulla I, Kay S, Mussap C, et al. Apical sparing in tako-tsubo 
cardiomyopathy. Intern Med J 2006; 36: 414–18.

305	 Medina de Chazal H, Del Buono MG, Keyser-Marcus L, et al. 
Stress cardiomyopathy diagnosis and treatment: JACC state-of-the-
art review. J Am Coll Cardiol 2018; 72: 1955–71.

306	 Lyon AR, Bossone E, Schneider B, et al. Current state of 
knowledge on Takotsubo syndrome: a position statement from the 
Taskforce on Takotsubo Syndrome of the Heart Failure 
Association of the European Society of Cardiology. Eur J Heart Fail 
2016; 18: 8–27.



The Lancet Commissions

48	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

307	 Ghadri JR, Cammann VL, Templin C. The International Takotsubo 
Registry: rationale, design, objectives, and first results. 
Heart Fail Clin 2016; 12: 597–603.

308	 Gili S, Cammann VL, Schlossbauer SA, et al. Cardiac arrest in 
takotsubo syndrome: results from the InterTAK Registry. 
Eur Heart J 2019; 40: 2142–51.

309	 Templin C, Ghadri JR, Diekmann J, et al. Clinical features and 
outcomes of Takotsubo (stress) cardiomyopathy. N Engl J Med 2015; 
373: 929–38.

310	 Lyon AR, Rees PS, Prasad S, Poole-Wilson PA, Harding SE. 
Stress (Takotsubo) cardiomyopathy—a novel pathophysiological 
hypothesis to explain catecholamine-induced acute myocardial 
stunning. Nat Clin Pract Cardiovasc Med 2008; 5: 22–29.

311	 Paur H, Wright PT, Sikkel MB, et al. High levels of circulating 
epinephrine trigger apical cardiodepression in a β2-adrenergic 
receptor/Gi-dependent manner: a new model of Takotsubo 
cardiomyopathy. Circulation 2012; 126: 697–706.

312	 Sliwa K, Hilfiker-Kleiner D, Petrie MC, et al. Current state of 
knowledge on aetiology, diagnosis, management, and therapy of 
peripartum cardiomyopathy: a position statement from the Heart 
Failure Association of the European Society of Cardiology Working 
Group on peripartum cardiomyopathy. Eur J Heart Fail 2010; 
12: 767–78.

313	 Hilfiker-Kleiner D, Haghikia A, Nonhoff J, Bauersachs J. 
Peripartum cardiomyopathy: current management and future 
perspectives. Eur Heart J 2015; 36: 1090–97.

314	 Isogai T, Kamiya CA. Worldwide incidence of peripartum 
cardiomyopathy and overall maternal mortality. Int Heart J 2019; 
60: 503–11.

315	 Brar SS, Khan SS, Sandhu GK, et al. Incidence, mortality, and racial 
differences in peripartum cardiomyopathy. Am J Cardiol 2007; 
100: 302–04.

316	 Kolte D, Khera S, Aronow WS, et al. Temporal trends in incidence 
and outcomes of peripartum cardiomyopathy in the United States: 
a nationwide population-based study. J Am Heart Assoc 2014; 
3: e001056.

317	 Azibani F, Sliwa K. Peripartum cardiomyopathy: an update. 
Curr Heart Fail Rep 2018; 15: 297–306.

318	 Sliwa K, Blauwet L, Tibazarwa K, et al. Evaluation of 
bromocriptine in the treatment of acute severe peripartum 
cardiomyopathy: a proof-of-concept pilot study. Circulation 2010; 
121: 1465–73.

319	 Hilfiker-Kleiner D, Haghikia A, Berliner D, et al. Bromocriptine for 
the treatment of peripartum cardiomyopathy: a multicentre 
randomized study. Eur Heart J 2017; 38: 2671–79.

320	 Haghikia A, Podewski E, Libhaber E, et al. Phenotyping and 
outcome on contemporary management in a German cohort of 
patients with peripartum cardiomyopathy. Basic Res Cardiol 2013; 
108: 366.

321	 Davis MB, Arany Z, McNamara DM, Goland S, Elkayam U. 
Peripartum cardiomyopathy: JACC state-of-the-art review. 
J Am Coll Cardiol 2020; 75: 207–21.

322	 Stapel B, Kohlhaas M, Ricke-Hoch M, et al. Low STAT3 
expression sensitizes to toxic effects of β-adrenergic receptor 
stimulation in peripartum cardiomyopathy. Eur Heart J 2017; 
38: 349–61.

323	 Elkayam U, Schäfer A, Chieffo A, et al. Use of Impella heart pump 
for management of women with peripartum cardiogenic shock. 
Clin Cardiol 2019; 42: 974–81.

324	 Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, et al. 
2018 ESC Guidelines for the management of cardiovascular 
diseases during pregnancy. Eur Heart J 2018; 39: 3165–241.

325	 Sliwa K, Petrie MC, Hilfiker-Kleiner D, et al. Long-term prognosis, 
subsequent pregnancy, contraception and overall management of 
peripartum cardiomyopathy: practical guidance paper from the 
Heart Failure Association of the European Society of Cardiology 
Study Group on Peripartum Cardiomyopathy. Eur J Heart Fail 2018; 
20: 951–62.

326	 Hilfiker-Kleiner D, Haghikia A, Masuko D, et al. Outcome of 
subsequent pregnancies in patients with a history of peripartum 
cardiomyopathy. Eur J Heart Fail 2017; 19: 1723–28.

327	 Elkayam U. Risk of subsequent pregnancy in women with a 
history of peripartum cardiomyopathy. J Am Coll Cardiol 2014; 
64: 1629–36.

328	 McNamara DM, Elkayam U, Alharethi R, et al. Clinical outcomes 
for peripartum cardiomyopathy in north america: results of the 
IPAC Study (Investigations of Pregnancy-Associated 
Cardiomyopathy). J Am Coll Cardiol 2015; 66: 905–14.

329	 Kerpen K, Koutrolou-Sotiropoulou P, Zhu C, et al. Disparities in 
death rates in women with peripartum cardiomyopathy between 
advanced and developing countries: a systematic review and meta-
analysis. Arch Cardiovasc Dis 2019; 112: 187–98.

330	 Alasnag M, Truesdell AG, Williams H, et al. Mechanical circulatory 
support: a comprehensive review with a focus on women. 
Curr Atheroscler Rep 2020; 22: 11.

331	 Zafar F, Villa CR, Morales DL, et al. Does small size matter with 
continuous flow devices?: analysis of the INTERMACS database of 
adults with BSA ≤1.5 m2. JACC Heart Fail 2017; 5: 123–31.

332	 Loyaga-Rendon RY, Pamboukian SV, Tallaj JA, et al. Outcomes of 
patients with peripartum cardiomyopathy who received mechanical 
circulatory support. Data from the Interagency Registry for 
Mechanically Assisted Circulatory Support. Circ Heart Fail 2014; 
7: 300–09.

333	 Khush KK, Cherikh WS, Chambers DC, et al. The International 
Thoracic Organ Transplant Registry of the Interna-tional Society for 
Heart and Lung Transplantation: thirty-fifth Adult Heart 
Transplantation Report–2018; focus theme: multiorgan 
transplantation. J Heart Lung Transplant 2018; 37: 1155-68.

334	 Kaczmarek I, Meiser B, Beiras-Fernandez A, et al. Gender does 
matter: gender-specific outcome analysis of 67 855 heart transplants. 
Thorac Cardiovasc Surg 2013; 61: 29–36.

335	 Farrell SR, Ross JL, Howlett SE. Sex differences in mechanisms of 
cardiac excitation-contraction coupling in rat ventricular myocytes. 
Am J Physiol Heart Circ Physiol 2010; 299: H36–45.

336	 Barajas-Martinez H, Haufe V, Chamberland C, et al. 
Larger dispersion of INa in female dog ventricle as a mechanism 
for gender-specific incidence of cardiac arrhythmias. Cardiovasc Res 
2009; 81: 82–89.

337	 Mason SA, MacLeod KT. Cardiac action potential duration and 
calcium regulation in males and females. 
Biochem Biophys Res Commun 2009; 388: 565–70.

338	 Linde C, Bongiorni MG, Birgersdotter-Green U, et al. 
Sex differences in cardiac arrhythmia: a consensus document of the 
European Heart Rhythm Association, endorsed by the Heart 
Rhythm Society and Asia Pacific Heart Rhythm Society. Europace 
2018; 20: 1565–65ao.

339	 Ackerman MJ, Priori SG, Willems S, et al. HRS/EHRA expert 
consensus statement on the state of genetic testing for the 
channelopathies and cardiomyopathies this document was 
developed as a partnership between the Heart Rhythm Society 
(HRS) and the European Heart Rhythm Association (EHRA). 
Heart Rhythm 2011; 8: 1308–39.

340	 Priori SG, Schwartz PJ, Napolitano C, et al. Risk stratification in the 
long-QT syndrome. N Engl J Med 2003; 348: 1866–74.

341	 Kutyifa V, Daimee UA, McNitt S, et al. Clinical aspects of the three 
major genetic forms of long QT syndrome (LQT1, LQT2, LQT3). 
Ann Noninvasive Electrocardiol 2018; 23: e12537.

342	 Roden DM. Drug-induced prolongation of the QT interval. 
N Engl J Med 2004; 350: 1013–22.

343	 Al-Khatib SM, LaPointe NM, Kramer JM, Califf RM. What clinicians 
should know about the QT interval. JAMA 2003; 289: 2120–27.

344	 Coughtrie AL, Behr ER, Layton D, Marshall V, Camm AJ, 
Shakir SAJBo. Drugs and life-threatening ventricular arrhythmia 
risk: results from the DARE study cohort. BMJ Open 2017; 
7: e016627.

345	 Kong MH, Fonarow GC, Peterson ED, et al. Systematic review of 
the incidence of sudden cardiac death in the United States. 
J Am Coll Cardiol 2011; 57: 794–801.

346	 Hayashi M, Shimizu W, Albert CM. The spectrum of epidemiology 
underlying sudden cardiac death. Circ Res 2015; 116: 1887–906.

347	 Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden cardiac 
death in the United States, 1989 to 1998. Circulation 2001; 
104: 2158–63.

348	 Stecker EC, Reinier K, Marijon E, et al. Public health burden of 
sudden cardiac death in the United States. Circ Arrhythm Electrophysiol 
2014; 7: 212–17.

349	 Myerburg RJ, Junttila MJ. Sudden cardiac death caused by coronary 
heart disease. Circulation 2012; 125: 1043–52.



The Lancet Commissions

www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X	 49

350	 Simmons A, Pimentel R, Lakkireddy D. Sudden cardiac death in 
women. Rev Cardiovasc Med 2012; 13: e37–42.

351	 Haukilahti MAE, Holmström L, Vähätalo J, et al. Sudden cardiac 
death in women. Circulation 2019; 139: 1012–21.

352	 Kim LK, Looser P, Swaminathan RV, et al. Sex‐based disparities in 
incidence, treatment, and outcomes of cardiac arrest in the 
United States, 2003–2012. J Am Heart Assoc 2016; 5: e003704.

353	 Helviz Y, Ong M, Einav S. Cardiac arrest, gender and resuscitation 
outcomes. Intensive Care Med 2019; 45: 278–81.

354	 Wissenberg M, Hansen CM, Folke F, et al. Survival after out-of-
hospital cardiac arrest in relation to sex: a nationwide registry-based 
study. Resuscitation 2014; 85: 1212–18.

355	 Blom MT, Oving I, Berdowski J, van Valkengoed IGM, Bardai A, 
Tan HL. Women have lower chances than men to be resuscitated 
and survive out-of-hospital cardiac arrest. Eur Heart J 2019; 
40: 3824–34.

356	 Bergau L, Seegers J, Zabel M. Sex differences in ICD benefit. 
J Electrocardiol 2014; 47: 869–73.

357	 Ghanbari H, Dalloul G, Hasan R, et al. Effectiveness of implantable 
cardioverter-defibrillators for the primary prevention of sudden 
cardiac death in women with advanced heart failure: a meta-analysis 
of randomized controlled trials. Arch Intern Med 2009; 169: 1500–06.

358	 Schrage B, Uijl A, Benson L, et al. Association between use of 
primary-prevention implantable cardioverter-defibrillators and 
mortality in patients with heart failure: a prospective propensity 
score-matched analysis from the Swedish Heart Failure Registry. 
Circulation 2019; 140: 1530–39.

359	 Curtis LH, Al-Khatib SM, Shea AM, Hammill BG, Hernandez AF, 
Schulman KA. Sex differences in the use of implantable 
cardioverter-defibrillators for primary and secondary prevention of 
sudden cardiac death. JAMA 2007; 298: 1517–24.

360	 MacFadden DR, Crystal E, Krahn AD, et al. Sex differences in 
implantable cardioverter-defibrillator outcomes: findings from a 
prospective defibrillator database. Ann Intern Med 2012; 156: 195–203.

361	 Al-Khatib SM, Stevenson WG, Ackerman MJ, et al. 2017 
AHA/ACC/HRS guideline for management of patients with 
ventricular arrhythmias and the prevention of sudden cardiac death: 
a report of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines and the 
Heart Rhythm Society. J Am Coll Cardiol 2018; 72: e91–e220.

362	 Priori SG, Blomstrom-Lundqvist C, Mazzanti A, et al. 2015 ESC 
Guidelines for the management of patients with ventricular 
arrhythmias and the prevention of sudden cardiac death: the Task 
Force for the Management of Patients with Ventricular Arrhythmias 
and the Prevention of Sudden Cardiac Death of the European Society 
of Cardiology (ESC) endorsed by: Association for European Paediatric 
and Congenital Cardiology (AEPC). Europace 2015; 17: 1601–87.

363	 Lloyd-Jones DM, Wang TJ, Leip EP, et al. Lifetime risk for 
development of atrial fibrillation: the Framingham Heart Study. 
Circulation 2004; 110: 1042–46.

364	 Heeringa J, van der Kuip DA, Hofman A, et al. Prevalence, 
incidence and lifetime risk of atrial fibrillation: the Rotterdam study. 
Eur Heart J 2006; 27: 949–53.

365	 Guo Y, Tian Y, Wang H, Si Q, Wang Y, Lip GYH. Prevalence, 
incidence, and lifetime risk of atrial fibrillation in China: 
new insights into the global burden of atrial fibrillation. Chest 2015; 
147: 109–19.

366	 Goette A, Kalman JM, Aguinaga L, et al. EHRA/HRS/APHRS/
SOLAECE expert consensus on atrial cardiomyopathies: definition, 
characterization, and clinical implication. Heart Rhythm 2017; 
14: e3–40.

367	 Leone O, Boriani G, Chiappini B, et al. Amyloid deposition as a 
cause of atrial remodelling in persistent valvular atrial fibrillation. 
Eur Heart J 2004; 25: 1237–41.

368	 Akoum N, Mahnkopf C, Kholmovski EG, Brachmann J, 
Marrouche NF. Age and sex differences in atrial fibrosis among 
patients with atrial fibrillation. Europace 2018; 20: 1086–92.

369	 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; 532: h7013.

370	 Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide 
epidemiology of atrial fibrillation: a Global Burden of Disease 2010 
Study. Circulation 2014; 129: 837–47.

371	 Curtis AB, Gersh BJ, Corley SD, et al. Clinical factors that influence 
response to treatment strategies in atrial fibrillation: the Atrial 
Fibrillation Follow-up Investigation of Rhythm Management 
(AFFIRM) study. Am Heart J 2005; 149: 645–49.

372	 Marrouche NF, Kheirkhahan M, Brachmann J. Catheter ablation for 
atrial fibrillation with heart failure. N Engl J Med 2018; 379: 492.

373	 Packer DL, Mark DB, Robb RA, et al. Effect of catheter ablation vs 
antiarrhythmic drug therapy on mortality, stroke, bleeding, and 
cardiac arrest among patients with atrial fibrillation: the CABANA 
randomized clinical trial. JAMA 2019; 321: 1261–74.

374	 Russo AM, Zeitler EP, Giczewska A, et al. Association between sex 
and treatment outcomes of atrial fibrillation ablation versus drug 
therapy: results from the CABANA trial. Circulation 2021; 143: 661–72.

375	 Avgil Tsadok M, Gagnon J, Joza J, et al. Temporal trends and sex 
differences in pulmonary vein isolation for patients with atrial 
fibrillation. Heart Rhythm 2015; 12: 1979–86.

376	 Singh SM, D’Avila A, Aryana A, et al. Persistent atrial fibrillation 
ablation in females: insight from the MAGIC-AF Trial. 
J Cardiovasc Electrophysiol 2016; 27: 1259–63.

377	 Nielsen PB, Skjøth F, Overvad TF, Larsen TB, Lip GYH. Female sex 
is a risk modifier rather than a risk factor for stroke in atrial 
fibrillation: should we use a CHA2DS2-VA score rather than 
CHA2DS2-VASc? Circulation 2018; 137: 832–40.

378	 Lane DA, Lip GY. Female gender is a risk factor for stroke and 
thromboembolism in atrial fibrillation patients. Thromb Haemost 
2009; 101: 802–05.

379	 Lang C, Seyfang L, Ferrari J, et al. Do women with atrial fibrillation 
experience more severe strokes? Results from the Austrian Stroke 
Unit Registry. Stroke 2017; 48: 778–80.

380	 Apostolakis S, Sullivan RM, Olshansky B, Lip GYH. Factors 
affecting quality of anticoagulation control among patients with 
atrial fibrillation on warfarin: the SAMe-TT₂R₂ score. Chest 2013; 
144: 1555–63.

381	 Proietti M, Lip GY. Simple decision-making between a vitamin K 
antagonist and a non-vitamin K antagonist oral anticoagulant: using 
the SAMe-TT2R2 score. Eur Heart J Cardiovasc Pharmacother 2015; 
1: 150–52.

382	 Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical 
risk stratification for predicting stroke and thromboembolism in 
atrial fibrillation using a novel risk factor-based approach: the euro 
heart survey on atrial fibrillation. Chest 2010; 137: 263–72.

383	 Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the 
efficacy and safety of new oral anticoagulants with warfarin in 
patients with atrial fibrillation: a meta-analysis of randomised trials. 
Lancet 2014; 383: 955–62.

384	 Kassim NA, Althouse AD, Qin D, Leef G, Saba S. Gender 
differences in management and clinical outcomes of atrial 
fibrillation patients. J Cardiol 2017; 69: 195–200.

385	 Bartus K, Han FT, Bednarek J, et al. Percutaneous left atrial 
appendage suture ligation using the LARIAT device in patients with 
atrial fibrillation: initial clinical experience. J Am Coll Cardiol 2013; 
62: 108–18.

386	 Holmes DR, Reddy VY, Turi ZG, et al. Percutaneous closure of the 
left atrial appendage versus warfarin therapy for prevention of 
stroke in patients with atrial fibrillation: a randomised 
non-inferiority trial. Lancet 2009; 374: 534–42.

387	 Holmes DR Jr, 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; 64: 1–12.

388	 Tzikas A, Shakir S, Gafoor S, et al. Left atrial appendage occlusion for 
stroke prevention in atrial fibrillation: multicentre experience with 
the AMPLATZER cardiac plug. EuroIntervention 2016; 11: 1170–79.

389	 Perez MV, Mahaffey KW, Hedlin H, et al. Large-scale assessment of 
a smartwatch to identify atrial fibrillation. N Engl J Med 2019; 
381: 1909–17.

390	 GBD 2013 Mortality and Causes of Death Collaborators. Global, 
regional, and national age-sex specific all-cause and cause-specific 
mortality for 240 causes of death, 1990–2013: a systematic analysis 
for the Global Burden of Disease Study 2013. Lancet 2015; 
385: 117–71.

391	 Reeves MJ, Bushnell CD, Howard G, et al. Sex differences in stroke: 
epidemiology, clinical presentation, medical care, and outcomes. 
Lancet Neurol 2008; 7: 915–26.



The Lancet Commissions

50	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

392	 Kissela B, Schneider A, Kleindorfer D, et al. Stroke in a biracial 
population: the excess burden of stroke among blacks. Stroke 2004; 
35: 426–31.

393	 Arnao V, Acciarresi M, Cittadini E, Caso V. Stroke incidence, 
prevalence and mortality in women worldwide. Int J Stroke 2016; 
11: 287–301.

394	 Di Carlo A, Lamassa M, Baldereschi M, et al. Sex differences in the 
clinical presentation, resource use, and 3-month outcome of acute 
stroke in Europe: data from a multicenter multinational hospital-
based registry. Stroke 2003; 34: 1114–19.

395	 Reid JM, Dai D, Gubitz GJ, Kapral MK, Christian C, Phillips SJ. 
Gender differences in stroke examined in a 10-year cohort of 
patients admitted to a Canadian teaching hospital. Stroke 2008; 
39: 1090–95.

396	 Schumacher HC, Bateman BT, Boden-Albala B, et al. Use of 
thrombolysis in acute ischemic stroke: analysis of the Nationwide 
Inpatient Sample 1999 to 2004. Ann Emerg Med 2007; 50: 99–107.

397	 Phan HT, Blizzard CL, Reeves MJ, et al. Sex differences in 
long-term mortality after stroke in the INSTRUCT (INternational 
STRoke oUtComes sTudy): a meta-analysis of individual 
participant data. Circ Cardiovasc Qual Outcomes 2017; 
10: e003436.

398	 Phan HT, Blizzard CL, Reeves MJ, et al. Sex differences in long-
term quality of life among survivors after stroke in the INSTRUCT. 
Stroke 2019; 50: 2299–2306.

399	 Dong JY, Zhang YH, Tong J, Qin LQ. Depression and risk of stroke: 
a meta-analysis of prospective studies. Stroke 2012; 43: 32–37.

400	 Pan A, Sun Q, Okereke OI, Rexrode KM, Hu FB. Depression and 
risk of stroke morbidity and mortality: a meta-analysis and 
systematic review. JAMA 2011; 306: 1241–49.

401	 Kapral MK, Fang J, Hill MD, et al. Sex differences in stroke care and 
outcomes: results from the Registry of the Canadian Stroke 
Network. Stroke 2005; 36: 809–14.

402	 Peters SAE, Carcel C, Millett ERC, Woodward M. Sex differences in 
the association between major risk factors and the risk of stroke in 
the UK Biobank cohort study. Neurology 2020; 95: e2715–26.

403	 Smith EE. Clinical presentations and epidemiology of vascular 
dementia. Clin Sci (Lond) 2017; 131: 1059–68.

404	 Wolters FJ, Ikram MA. Epidemiology of vascular dementia. 
Arterioscler Thromb Vasc Biol 2019; 39: 1542–49.

405	 GBD 2016 Dementia Collaborators. Global, regional, and national 
burden of Alzheimer’s disease and other dementias, 1990–2016: 
a systematic analysis for the Global Burden of Disease Study 2016. 
Lancet Neurol 2019; 18: 88–106.

406	 Song P, Rudan D, Zhu Y, et al. Global, regional, and national 
prevalence and risk factors for peripheral artery disease in 2015: 
an updated systematic review and analysis. Lancet Glob Health 2019; 
7: e1020–30.

407	 Conen D, Everett BM, Kurth T, et al. Smoking, smoking cessation, 
[corrected] and risk for symptomatic peripheral artery disease in 
women: a cohort study. Ann Intern Med 2011; 154: 719–26.

408	 Kengne AP, Echouffo-Tcheugui JB. Differential burden of 
peripheral artery disease. Lancet Glob Health 2019; 7: e980–81.

409	 Fowkes FGR, Aboyans V, Fowkes FJI, McDermott MM, 
Sampson UKA, Criqui MH. Peripheral artery disease: epidemiology 
and global perspectives. Nat Rev Cardiol 2017; 14: 156–70.

410	 Sigvant B, Wiberg-Hedman K, Bergqvist D, et al. A population-
based study of peripheral arterial disease prevalence with special 
focus on critical limb ischemia and sex differences. J Vasc Surg 
2007; 45: 1185–91.

411	 McDermott MM, Greenland P, Liu K, et al. Sex differences in 
peripheral arterial disease: leg symptoms and physical functioning. 
J Am Geriatr Soc 2003; 51: 222–28.

412	 Vouyouka AG, Egorova NN, Salloum A, et al. Lessons learned from 
the analysis of gender effect on risk factors and procedural 
outcomes of lower extremity arterial disease. J Vasc Surg 2010; 
52: 1196–202.

413	 Lo RC, Bensley RP, Dahlberg SE, et al. Presentation, treatment, 
and outcome differences between men and women undergoing 
revascularization or amputation for lower extremity peripheral 
arterial disease. J Vasc Surg 2014; 59: 409–18.e3.

414	 Miller SM, Sumpio BJ, Miller MS, Erben Y, Cordova AC, Sumpio BE. 
Higher inpatient mortality for women after intervention for lifestyle 
limiting claudication. Ann Vasc Surg 2019; 58: 54–62.

415	 Nguyen LL, Brahmanandam S, Bandyk DF, et al. Female gender 
and oral anticoagulants are associated with wound complications in 
lower extremity vein bypass: an analysis of 1404 operations for 
critical limb ischemia. J Vasc Surg 2007; 46: 1191–97.

416	 Jain AK, Velazquez-Ramirez G, Goodney PP, Edwards MS, 
Corriere MA. Gender-based analysis of perioperative outcomes 
associated with lower extremity bypass. Am Surg 2011; 77: 844–49.

417	 Nguyen LL, Hevelone N, Rogers SO, et al. Disparity in outcomes of 
surgical revascularization for limb salvage: race and gender are 
synergistic determinants of vein graft failure and limb loss. 
Circulation 2009; 119: 123–30.

418	 Lefebvre KM, Chevan J. The persistence of gender and racial 
disparities in vascular lower extremity amputation: an examination 
of HCUP-NIS data (2002–2011). Vasc Med 2015; 20: 51–59.

419	 Hirsch AT, Murphy TP, Lovell MB, et al. Gaps in public knowledge 
of peripheral arterial disease: the first national PAD public 
awareness survey. Circulation 2007; 116: 2086–94.

420	 Lovell M, Harris K, Forbes T, et al. Peripheral arterial disease: 
lack of awareness in Canada. Can J Cardiol 2009; 25: 39–45.

421	 Bush RL, Kallen MA, Liles DR, Bates JT, Petersen LA. Knowledge 
and awareness of peripheral vascular disease are poor among 
women at risk for cardiovascular disease. J Surg Res 2008; 
145: 313–19.

422	 Jelani QU, Petrov M, Martinez SC, Holmvang L, Al-Shaibi K, 
Alasnag M. Peripheral arterial disease in women: an overview of 
risk factor profile, clinical features, and outcomes. 
Curr Atheroscler Rep 2018; 20: 40.

423	 Hirsch AT, Allison MA, Gomes AS, et al. A call to action: women 
and peripheral artery disease: a scientific statement from the 
American Heart Association. Circulation 2012; 125: 1449–72.

424	 Crousillat DR, Wood MJ. Valvular heart disease and heart failure in 
women. Heart Fail Clin 2019; 15: 77–85.

425	 Watkins DA, Johnson CO, Colquhoun SM, et al. Global, regional, 
and national burden of rheumatic heart disease, 1990–2015. 
N Engl J Med 2017; 377: 713–22.

426	 Bates ER. Treatment options in severe aortic stenosis. Circulation 
2011; 124: 355–59.

427	 Fuchs C, Mascherbauer J, Rosenhek R, et al. Gender differences in 
clinical presentation and surgical outcome of aortic stenosis. Heart 
2010; 96: 539–45.

428	 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; 68: 2733–44.

429	 Kodali S, Williams MR, Doshi D, et al. Sex-specific differences at 
presentation and outcomes among patients undergoing 
transcatheter aortic valve replacement: a cohort study. 
Ann Intern Med 2016; 164: 377–84.

430	 Brennan JM, Bryant A, Boero I, et al. Race and sex-based disparities 
persist in the treatment of patients with severe, symptomatic aortic 
valve stenosis. J Am Coll Cardiol 2019; 73: 1207.

431	 Dodson JA, Wang Y, Desai MM, et al. Outcomes for mitral valve 
surgery among Medicare fee-for-service beneficiaries, 1999 to 2008. 
Circ Cardiovasc Qual Outcomes 2012; 5: 298–307.

432	 Rankin JS, Hammill BG, Ferguson TB Jr, et al. Determinants of 
operative mortality in valvular heart surgery. 
J Thorac Cardiovasc Surg 2006; 131: 547–57.

433	 Vassileva CM, McNeely C, Mishkel G, Boley T, Markwell S, 
Hazelrigg S. Gender differences in long-term survival of Medicare 
beneficiaries undergoing mitral valve operations. Ann Thorac Surg 
2013; 96: 1367–73.

434	 Song HK, Grab JD, O’Brien SM, Welke KF, Edwards F, 
Ungerleider RM. Gender differences in mortality after mitral valve 
operation: evidence for higher mortality in perimenopausal women. 
Ann Thorac Surg 2008; 85: 2040–44.

435	 Fox CS, Vasan RS, Parise H, et al. Mitral annular calcification 
predicts cardiovascular morbidity and mortality: the Framingham 
Heart Study. Circulation 2003; 107: 1492–96.

436	 Fox CS, Larson MG, Vasan RS, et al. Cross-sectional association of 
kidney function with valvular and annular calcification: 
the Framingham heart study. J Am Soc Nephrol 2006; 17: 521–27.

437	 Guerrero M, Dvir D, Himbert D, et al. Transcatheter mitral valve 
replacement in native mitral valve disease with severe mitral 
annular calcification: results from the first multicenter global 
registry. JACC Cardiovasc Interv 2016; 9: 1361–71.



The Lancet Commissions

www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X	 51

438	 Guerrero M, Urena M, Himbert D, et al. 1-year outcomes of 
transcatheter mitral valve replacement in patients with severe 
mitral annular calcification. J Am Coll Cardiol 2018; 71: 1841–53.

439	 Yoon SH, Whisenant BK, Bleiziffer S, et al. Outcomes of 
transcatheter mitral valve replacement for degenerated 
bioprostheses, failed annuloplasty rings, and mitral annular 
calcification. Eur Heart J 2019; 40: 441–51.

440	 Guerrero M, Vemulapalli S, Xiang Q, et al. Thirty-day outcomes of 
transcatheter mitral valve replacement for degenerated mitral 
bioprostheses (valve-in-valve), failed surgical rings (valve-in-ring), 
and native valve with severe mitral annular calcification (valve-in-
mitral annular calcification) in the United States: data from the 
Society of Thoracic Surgeons/American College of Cardiology/
Transcatheter Valve Therapy Registry. Circ Cardiovasc Interv 2020; 
13: e008425.

441	 Guerrero M, Wang DD, Eleid MF, et al. Prospective study of TMVR 
using balloon-expandable aortic transcatheter valves in MAC: MITRAL 
trial 1-year outcomes. JACC Cardiovasc Interv 2021; 14: 830–45.

442	 Zühlke L, Karthikeyan G, Engel ME, et al. Clinical outcomes in 
3343 children and adults with rheumatic heart disease from 
14 low- and middle-income countries: two-year follow-up of the 
Global Rheumatic Heart Disease Registry (the REMEDY study). 
Circulation 2016; 134: 1456–66.

443	 Lilyasari O, Prakoso R, Kurniawati Y, et al. Clinical profile and 
management of rheumatic heart disease in children and young 
adults at a tertiary cardiac center in Indonesia. Front Surg 2020; 7: 47.

444	 Marijon E, Mirabel M, Celermajer DS, Jouven X. Rheumatic heart 
disease. Lancet 2012; 379: 953–64.

445	 Zühlke LJ, Beaton A, Engel ME, et al. Group A streptococcus, acute 
rheumatic fever and rheumatic heart disease: epidemiology and 
clinical considerations. Curr Treat Options Cardiovasc Med 2017; 19: 15.

446	 Zühlke L, Engel ME, Karthikeyan G, et al. Characteristics, 
complications, and gaps in evidence-based interventions in 
rheumatic heart disease: the Global Rheumatic Heart Disease 
Registry (the REMEDY study). Eur Heart J 2015; 36: 1115–22a.

447	 Sudeep DD, Sredhar K. The descriptive epidemiology of acute 
rheumatic fever and rheumatic heart disease in low and middle-
income countries. Am J Epidemiol Infect Dis 2013; 1: 34–40.

448	 Zhang W, Mondo C, Okello E, et al. Presenting features of newly 
diagnosed rheumatic heart disease patients in Mulago Hospital: 
a pilot study. Cardiovasc J Afr 2013; 24: 28–33.

449	 Sliwa K, Carrington M, Mayosi BM, Zigiriadis E, Mvungi R, 
Stewart S. Incidence and characteristics of newly diagnosed 
rheumatic heart disease in urban African adults: insights from the 
heart of Soweto study. Eur Heart J 2010; 31: 719–27.

450	 Okello E, Kakande B, Sebatta E, et al. Socioeconomic and 
environmental risk factors among rheumatic heart disease patients 
in Uganda. PLoS One 2012; 7: e43917.

451	 Zühlke LJ, Engel ME. The importance of awareness and education 
in prevention and control of RHD. Glob Heart 2013; 8: 235–39.

452	 Gaede L, Aarberge L, Brandon Bravo Bruinsma G, et al. Heart Valve 
Disease Awareness Survey 2017: what did we achieve since 2015? 
Clin Res Cardiol 2019; 108: 61–67.

453	 Kassebaum NJ, Lopez AD, Murray CJ, Lozano R. A comparison of 
maternal mortality estimates from GBD 2013 and WHO. Lancet 
2014; 384: 2209–10.

454	 Alkema L, Chou D, Hogan D, et al. Global, regional, and national 
levels and trends in maternal mortality between 1990 and 2015, 
with scenario-based projections to 2030: a systematic analysis by the 
UN Maternal Mortality Estimation Inter-Agency Group. Lancet 2016; 
387: 462–74.

455	 Sliwa K, Anthony J. Late maternal deaths: a neglected responsibility. 
Lancet 2016; 387: 2072–73.

456	 Roos-Hesselink J, Baris L, Johnson M, et al. Pregnancy outcomes in 
women with cardiovascular disease: evolving trends over 10 years in 
the ESC Registry of Pregnancy and Cardiac disease (ROPAC). 
Eur Heart J 2019; 40: 3848–55.

457	 Sliwa K, Baris L, Sinning C, et al. Pregnant women with 
uncorrected congenital heart disease: heart failure and mortality. 
JACC Heart Fail 2020; 8: 100–10.

458	 Canobbio MM, Warnes CA, Aboulhosn J, et al. Management of 
pregnancy in patients with complex congenital heart disease: 
a scientific statement for healthcare professionals from the 
American Heart Association. Circulation 2017; 135: e50–87.

459	 Pessel C, Bonanno C. Valve disease in pregnancy. Semin Perinatol 
2014; 38: 273–84.

460	 van Hagen IM, Thorne SA, Taha N, et al. Pregnancy outcomes in 
women with rheumatic mitral valve disease: results from the Registry 
of Pregnancy and Cardiac Disease. Circulation 2018; 137: 806–16.

461	 Sharma JB, Yadav V, Mishra S, et al. Comparative study on maternal 
and fetal outcome in pregnant women with rheumatic heart disease 
and severe mitral stenosis undergoing percutaneous balloon mitral 
valvotomy before or during pregnancy. Indian Heart J 2018; 
70: 685–89.

462	 Xu Z, Fan J, Luo X, et al. Anticoagulation regimens during 
pregnancy in patients with mechanical heart valves: a systematic 
review and meta-analysis. Can J Cardiol 2016; 32: 1248.e1–9.

463	 Steinberg ZL, Dominguez-Islas CP, Otto CM, Stout KK, 
Krieger EV. Maternal and fetal outcomes of anticoagulation in 
pregnant women with mechanical heart valves. J Am Coll Cardiol 
2017; 69: 2681–91.

464	 Nishimura RA, Otto CM, Bonow RO, et al. 2014 AHA/ACC 
guideline for the management of patients with valvular heart 
disease: executive summary: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 2014; 63: 2438–88.

465	 Belton S, Kruske S, Jackson Pulver L, et al. Rheumatic heart disease 
in pregnancy: how can health services adapt to the needs of 
Indigenous women? A qualitative study. Aust N Z J Obstet Gynaecol 
2018; 58: 425–31.

466	 Chang AY, Nabbaale J, Nalubwama H, et al. Motivations of women 
in Uganda living with rheumatic heart disease: a mixed methods 
study of experiences in stigma, childbearing, anticoagulation, 
and contraception. PLoS One 2018; 13: e0194030.

467	 Zühlke L, Acquah L. Pre-conception counselling for key 
cardiovascular conditions in Africa: optimising pregnancy 
outcomes. Cardiovasc J Afr 2016; 27: 79–83.

468	 Sliwa K, Libhaber E, Elliott C, et al. Spectrum of cardiac disease in 
maternity in a low-resource cohort in South Africa. Heart 2014; 
100: 1967–74.

469	 Mocumbi AO, Sliwa K, Soma-Pillay P. Medical disease as a cause of 
maternal mortality: the pre-imminence of cardiovascular pathology. 
Cardiovasc J Afr 2016; 27: 84–88.

470	 Noone A, Howlader N, Krapcho M, et al. SEER Cancer Statistics 
Review (CSR) 1975–2015. Sept 10, 2018. https://seer.cancer.gov/
archive/csr/1975_2015/ (accessed April 23, 2021).

471	 Patnaik JL, Byers T, DiGuiseppi C, Dabelea D, Denberg TD. 
Cardiovascular disease competes with breast cancer as the leading 
cause of death for older females diagnosed with breast cancer: 
a retrospective cohort study. Breast Cancer Res 2011; 13: R64.

472	 Eschenhagen T, Force T, Ewer MS, et al. Cardiovascular side effects 
of cancer therapies: a position statement from the Heart Failure 
Association of the European Society of Cardiology. Eur J Heart Fail 
2011; 13: 1–10.

473	 Cameron D, Piccart-Gebhart MJ, Gelber RD, et al. 11 years’ 
follow-up of trastuzumab after adjuvant chemotherapy in 
HER2-positive early breast cancer: final analysis of the HERceptin 
Adjuvant (HERA) trial. Lancet 2017; 389: 1195–205.

474	 Romond EH, Jeong JH, Rastogi P, et al. Seven-year follow-up 
assessment of cardiac function in NSABP B-31, a randomized trial 
comparing doxorubicin and cyclophosphamide followed by 
paclitaxel (ACP) with ACP plus trastuzumab as adjuvant therapy for 
patients with node-positive, human epidermal growth factor 
receptor 2-positive breast cancer. J Clin Oncol 2012; 30: 3792–99.

475	 Cheng YJ, Nie XY, Ji CC, et al. Long-term cardiovascular risk after 
radiotherapy in women with breast cancer. J Am Heart Assoc 2017; 
6: e005633.

476	 Taylor C, Correa C, Duane FK, et al. Estimating the risks of breast 
cancer radiotherapy: evidence from modern radiation doses to the 
lungs and heart and from previous randomized trials. J Clin Oncol 
2017; 35: 1641–49.

477	 Borges N, Samir R. Radiation-induced CAD: incidence, diagnosis, 
and management outcomes. May 25, 2018. https://www.acc.org/
latest-in-cardiology/articles/2018/05/24/01/44/radiation-induced-cad 
(accessed April 23, 2021).

478	 Lee M-O, Song S-H, Jung S, et al. Effect of ionizing radiation 
induced damage of endothelial progenitor cells in vascular 
regeneration. Arterioscler Thromb Vasc Biol 2012; 32: 343–52.



The Lancet Commissions

52	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

479	 Lee MS, Finch W, Mahmud E. Cardiovascular complications of 
radiotherapy. Am J Cardiol 2013; 112: 1688–96.

480	 Alastuey I, Noé A, Chiaramello C, Montemuiño S, Pardo J. 
Low-dose radiation-induced acute pericarditis (AP) in breast cancer 
patient. Rep Pract Oncol Radiother 2013; 18: S179–80.

481	 Berry GJ, Jorden M. Pathology of radiation and anthracycline 
cardiotoxicity. Pediatr Blood Cancer 2005; 44: 630–37.

482	 Hamood R, Hamood H, Merhasin I, Keinan-Boker L. Risk of 
cardiovascular disease after radiotherapy in survivors of breast 
cancer: a case-cohort study. J Cardiol 2019; 73: 280–91.

483	 Zamorano JL, Lancellotti P, Rodriguez Muñoz D, et al. 2016 ESC 
Position Paper on cancer treatments and cardiovascular toxicity 
developed under the auspices of the ESC Committee for Practice 
Guidelines: The Task Force for cancer treatments and 
cardiovascular toxicity of the European Society of Cardiology (ESC). 
Eur Heart J 2016; 37: 2768–801.

484	 Armenian SH, Lacchetti C, Barac A, et al. Prevention and 
monitoring of cardiac dysfunction in survivors of adult cancers: 
American Society of Clinical Oncology clinical practice guideline. 
J Clin Oncol 2017; 35: 893–911.

485	 Merkatz RB. Inclusion of women in clinical trials: a historical 
overview of scientific, ethical, and legal issues. 
J Obstet Gynecol Neonatal Nurs 1998; 27: 78–84.

486	 Parekh A, Fadiran EO, Uhl K, Throckmorton DC. Adverse effects in 
women: implications for drug development and regulatory policies. 
Expert Rev Clin Pharmacol 2011; 4: 453–66.

487	 Jin X, Chandramouli C, Allocco B, Gong E, Lam CSP, Yan LL. 
Women’s participation in cardiovascular clinical trials from 
2010 to 2017. Circulation 2020; 141: 540–48.

488	 Melloni C, Berger JS, Wang TY, et al. Representation of women in 
randomized clinical trials of cardiovascular disease prevention. 
Circ Cardiovasc Qual Outcomes 2010; 3: 135–42.

489	 Yusuf S, Bosch J, Dagenais G, et al. Cholesterol lowering in 
intermediate-risk persons without cardiovascular disease. 
N Engl J Med 2016; 374: 2021–31.

490	 Yusuf S, Joseph P, Dans A, et al. Polypill with or without aspirin in 
persons without cardiovascular disease. N Engl J Med 2021; 
384: 216–28.

491	 Peterson ED, Lytle BL, Biswas MS, Coombs L. Willingness to 
participate in cardiac trials. Am J Geriatr Cardiol 2004; 13: 11–15.

492	 Ding EL, Powe NR, Manson JE, Sherber NS, Braunstein JB. 
Sex differences in perceived risks, distrust, and willingness to 
participate in clinical trials: a randomized study of 
cardiovascular prevention trials. Arch Intern Med 2007; 
167: 905–12.

493	 Cheung AM, Lee Y, Kapral M, et al. Barriers and motivations for 
women to participate in cardiovascular trials. J Obstet Gynaecol Can 
2008; 30: 332–37.

494	 Lloyd-Williams F, Mair F, Shiels C, et al. Why are patients in 
clinical trials of heart failure not like those we see in everyday 
practice? J Clin Epidemiol 2003; 56: 1157–62.

495	 National Institutes of Health. Consideration of sex as a biological 
variable in NIH-funded research. June 9, 2015. https://grants.nih.
gov/grants/guide/notice-files/not-od-15-102.html (accessed 
April 23, 2021).

496	 Heidari S, Babor TF, De Castro P, Tort S, Curno M. Sex and gender 
equity in research: rationale for the SAGER guidelines and 
recommended use. Res Integr Peer Rev 2016; 1: 2.

497	 Australian Institute of Health and Welfare. The health of Australia’s 
females. Dec 10, 2019. https://www.aihw.gov.au/reports/men-
women/female-health/contents/who-are (accessed April 23, 2021).

498	 Australian Commission on Safety and Quality in Health Care and 
Australian Institute of Health and Welfare. The Third Australian 
Atlas of Healthcare Variation. Dec 11, 2018. https://www.
safetyandquality.gov.au/sites/default/files/migrated/The-Third-
Australian-Atlas-of-Healthcare-Variation-2018.pdf (accessed 
April 23, 2021).

499	 Jordan S, Wilson A, Dobson A. Management of heart conditions in 
older rural and urban Australian women. Intern Med J 2011; 
41: 722–29.

500	 Australian Institute of Health and Welfare. Cardiovascular disease. 
Jul 15, 2020. https://www.aihw.gov.au/reports/heart-stroke-vascular-
diseases/cardiovascular-health-compendium/contents/how-many-
australians-have-cardiovascular-disease (accessed April 23, 2021).

501	 McGrady M, Krum H, Carrington MJ, et al. Heart failure, ventricular 
dysfunction and risk factor prevalence in Australian Aboriginal 
peoples: the Heart of the Heart Study. Heart 2012; 98: 1562–67.

502	 Piers LS, Rowley KG, Soares MJ, O’Dea K. Relation of adiposity and 
body fat distribution to body mass index in Australians of 
Aboriginal and European ancestry. Eur J Clin Nutr 2003; 57: 956–63.

503	 Australian Institute of Health and Welfare. Aboriginal and Torres 
Strait Islander adolescent and youth health and wellbeing 2018. 
Nov 29, 2018. https://www.aihw.gov.au/reports/indigenous-
australians/atsi-adolescent-youth-health-wellbeing-2018/contents/
table-of-contents (accessed April 23, 2021).

504	 Australian Institute of Health and Welfare. Indicators of 
socioeconomic inequalities in cardiovascular disease, diabetes and 
chronic kidney disease. Jan 31, 2019. https://www.aihw.gov.au/
reports/social-determinants/indicators-socioeconomic-inequalities/
summary (accessed April 23, 2021).

505	 Calabria B, Korda RJ, Lovett RW, et al. Absolute cardiovascular 
disease risk and lipid-lowering therapy among Aboriginal and 
Torres Strait Islander Australians. Med J Aust 2018; 209: 35–41.

506	 Carapetis JR, Steer AC, Mulholland EK, Weber M. The global 
burden of group A streptococcal diseases. Lancet Infect Dis 2005; 
5: 685–94.

507	 Australian Institute of Health and Welfare. Aboriginal and Torres 
Strait Islander Health Performance Framework 2006 report—
detailed analyses. June, 2007. https://www.aihw.gov.au/getmedia/
f5fbce97-63d1-465d-b047-42caf30fc85d/atsihpf06r.pdf.
aspx?inline=true (accessed April 23, 2021).

508	 Wilson N. Rheumatic heart disease in indigenous populations—
New Zealand experience. Heart Lung Circ 2010; 19: 282–88.

509	 Rabanal KS, Meyer HE, Tell GS, et al. Can traditional risk factors 
explain the higher risk of cardiovascular disease in South Asians 
compared to Europeans in Norway and New Zealand? Two cohort 
studies. BMJ Open 2017; 7: e016819.

510	 Woodward M, Tsukinoki-Murakami R, Murakami Y, et al. 
The epidemiology of stroke amongst women in the Asia-Pacific 
region. Womens Health (Lond) 2011; 7: 305–17.

511	 Martiniuk AL, Lee CM, Lawes CM, et al. Hypertension: its prevalence 
and population-attributable fraction for mortality from cardiovascular 
disease in the Asia-Pacific region. J Hypertens 2007; 25: 73–79.

512	 Gupta R, Gupta VP, Prakash H, Agrawal A, Sharma KK, 
Deedwania PC. 25-Year trends in hypertension prevalence, 
awareness, treatment, and control in an Indian urban population: 
Jaipur Heart Watch. Indian Heart J 2018; 70: 802–07.

513	 Choi HM, Kim HC, Kang DR. Sex differences in hypertension 
prevalence and control: analysis of the 2010–2014 Korea National 
Health and Nutrition Examination Survey. PLoS One 2017; 
12: e0178334.

514	 Naing C, Yeoh PN, Wai VN, Win NN, Kuan LP, Aung K. 
Hypertension in Malaysia: an analysis of trends from the national 
surveys 1996 to 2011. Medicine (Baltimore) 2016; 95: e2417.

515	 Bhalla V, Fong CW, Chew SK, Satku K. Changes in the levels of 
major cardiovascular risk factors in the multi-ethnic population 
in Singapore after 12 years of a national non-communicable 
disease intervention programme. Singapore Med J 2006; 
47: 841–50.

516	 Singapore Heart Foundation. Women and Heart Disease. 2020. 
https://www.myheart.org.sg/my-heart/heart-statistics/women-
and-heart-disease/(accessed April 23, 2021).

517	 Rajadurai J, Lopez EA, Rahajoe AU, Goh PP, Uboldejpracharak Y, 
Zambahari R. Women’s cardiovascular health: perspectives from 
south-east Asia. Nat Rev Cardiol 2012; 9: 464–77.

518	 Dewi FS, Weinehall L, Ohman A. ‘Maintaining balance and 
harmony’: Javanese perceptions of health and cardiovascular 
disease. Glob Health Action 2010; 3: 3.

519	 Grace C, Begum R, Subhani S, Kopelman P, Greenhalgh T. 
Prevention of type 2 diabetes in British Bangladeshis: qualitative 
study of community, religious, and professional perspectives. BMJ 
2008; 337: a1931.

520	 Motlagh B, O’Donnell M, Yusuf S. Prevalence of cardiovascular risk 
factors in the Middle East: a systematic review. 
Eur J Cardiovasc Prev Rehabil 2009; 16: 268–80.

521	 WHO. WHO Statistical Information System (WHOSIS): world 
health statistics 2009. 2009. https://www.who.int/whosis/
whostat/2009/en/ (accessed April 23, 2021).



The Lancet Commissions

www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X	 53

522	 Musaiger AO. Overweight and obesity in eastern mediterranean 
region: prevalence and possible causes. J Obes 2011; 2011: 407237.

523	 WHO. Health promotion: more physical activity. 2008. http://www.
who.int/dietphysicalactivity/factsheet_inactivity/en/ (accessed 
May 11, 2021).

524	 WHO. Noncommunicable diseases and their risk factors—global 
school-based student health survey (GSHS). 2015. https://www.who.
int/ncds/surveillance/gshs/en/ (accessed April 23, 2021).

525	 Roudi-Fahimi F, Moghadam VM. Empowering women, developing 
society: female education in the Middle East and north Africa. 
Al-Raida 2006; 23–24: 4–11.

526	 Klasen S, Lamanna F. The impact of gender inequality in 
education and employment on economic growth: new evidence 
for a panel of countries. Fem Econ 2009; 3: 91–132.

527	 Mobaraki AEH, Söderfeldt B. Gender inequity in Saudi Arabia and 
its role in public health. East Mediterr Health J 2010; 16: 113–18.

528	 Alshahrani H, McConkey R, Wilson J, Youssef M, Fitzsimons D. 
Female gender doubles pre-hospital delay times for patients 
experiencing ST segment elevation myocardial infarction in 
Saudi Arabia. Eur J Cardiovasc Nurs 2014; 13: 399–407.

529	 Maziak W. The crisis of health in a crisis ridden region. 
Int J Public Health 2009; 54: 349–55.

530	 Movsisyan NK, Vinciguerra M, Medina-Inojosa JR, 
Lopez-Jimenez F. Cardiovascular diseases in central and eastern 
europe: a call for more surveillance and evidence-based health 
promotion. Ann Glob Health 2020; 86: 21.

531	 Forster T, Kentikelenis A, Bambra C. Health inequalities in Europe: 
setting the stage for progressive policy action. Oct 9, 2018. 
https://www.feps-europe.eu/resources/publications/629:health-
inequalities-in-europe-setting-the-stage-for-progressive-policy-
action.html (accessed April 23, 2021).

532	 WHO. European health information gateway—tobacco smoking. 
2020. https://gateway.euro.who.int/en/indicators/h2020_2-tobacco-
smoking/ (accessed April 23, 2021).

533	 WHO. Empower women: facing the challenge of tobacco use in 
europe. 2015. https://www.euro.who.int/__data/assets/pdf_
file/0019/271162/EmpowerWomenFacingChallengeTobaccoUse1.
pdf (accessed April 23, 2021).

534	 Eurostat. Tobacco consumption statistics 2014. June 3, 2020. 
https://ec.europa.eu/eurostat/statistics-explained/index.php/
Tobacco_consumption_statistics#:~:text=In%202014%2C%206%20
%25%20of %20the,13%20%25%20consumed%20less%20than%20
20 (accessed April 23, 2021).

535	 Tao L, Pu C, Shen S, et al. Tendency for age-specific mortality with 
hypertension in the European Union from 1980 to 2011. 
Int J Clin Exp Med 2015; 8: 1611–23.

536	 WHO. Global Health Observatory data repository—raised total 
cholesterol (≥5.0 mmol/L) data by WHO region. Data for 2008.
https://apps.who.int/gho/data/view.main.2570?lang=en (accessed 
April 23, 2021).

537	 WHO. Global Health Observatory data repository—prevalence of 
obesity among adults, BMI ≥ 30, crude estimates by WHO region. 
Sept 22, 2017. https://apps.who.int/gho/data/view.main.
BMI30CREGv?lang=en (accessed April 23, 2021).

538	 WHO. Global Health Observatory data repository—mean body 
mass index trends among adults, crude (kg/m²) estimates by 
country. Sept 27, 2017. https://apps.who.int/gho/data/view.main.
BMIMEANADULTCv?lang=en (accessed April 23, 2021).

539	 Barreto SM, Miranda JJ, Figueroa JP, et al. Epidemiology in 
Latin America and the Caribbean: current situation and challenges. 
Int J Epidemiol 2012; 41: 557–71.

540	 Pan American Health Organization and WHO. Mortality in the 
Americas. https://www.paho.org/salud-en-las-americas-
2017/?tag=cardiovascular-diseases (accessed April 23, 2021).

541	 Tejero ME. Cardiovascular disease in Latin American women. 
Nutr Metab Cardiovasc Dis 2010; 20: 405–11.

542	 Mehta R, Zubirán R, Martagón AJ, et al. The panorama of familial 
hypercholesterolemia in Latin America: a systematic review. 
J Lipid Res 2016; 57: 2115–29.

543	 Santos RD, Lorenzatti AJ, Barros CF, Escobar E. Clinical 
perspective: have the results of recent clinical trials of lipid-lowering 
therapies influenced the way we should practice? A Latin American 
perspective of current issues in clinical lipidology. J Clin Lipidol 
2011; 5: 124–32.

544	 Escobedo J, Schargrodsky H, Champagne B, et al. Prevalence of the 
metabolic syndrome in Latin America and its association with 
sub-clinical carotid atherosclerosis: the CARMELA cross sectional 
study. Cardiovasc Diabetol 2009; 8: 52.

545	 Lecours N, Hallen G. Addressing the evidence gap to stimulate 
tobacco control in Latin America and the Caribbean. 
Rev Panam Salud Publica 2016; 40: 202–03.

546	 Champagne BM, Sebrié EM, Schargrodsky H, Pramparo P, 
Boissonnet C, Wilson E. Tobacco smoking in seven 
Latin American cities: the CARMELA study. Tob Control 2010; 
19: 457–62.

547	 Escobedo J, Buitrón LV, Velasco MF, et al. High prevalence of 
diabetes and impaired fasting glucose in urban Latin America: 
the CARMELA Study. Diabet Med 2009; 26: 864–71.

548	 Ministry of Health of Chile. National Health Survey 2016–2017 first 
results. November, 2017. https://www.minsal.cl/wp-content/
uploads/2017/11/ENS-2016-17_PRIMEROS-RESULTADOS.pdf 
(accessed April 23, 2021; in Spanish).

549	 Alegre-Díaz J, Herrington W, López-Cervantes M, et al. Diabetes 
and cause-specific mortality in Mexico City. N Engl J Med 2016; 
375: 1961–71.

550	 Saldarriaga C, Bedoya L, Gómez L, Hurtado L, Mejía J, González N. 
Knowledge of the risk of a myocardial infarction presentation and 
barriers to a healthy life style in a population of Medellin, Colombia. 
Rev Colomb Cardiol 2016; 23: 163–67.

551	 Castro A, Savage V, Kaufman H. Assessing equitable care for 
Indigenous and Afrodescendant women in Latin America. 
Rev Panam Salud Publica 2015; 38: 96–109.

552	 Chagas disease in Latin America: an epidemiological update based 
on 2010 estimates. Wkly Epidemiol Rec 2015; 90: 33–43.

553	 Bern C. Chagas’ Disease. N Engl J Med 2015; 373: 456–66.
554	 Barceló A. Cardiovascular diseases in Latin America and the 

Caribbean. Lancet 2006; 368: 625–26.
555	 Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and 

stroke statistics—2018 update: a report from the American Heart 
Association. Circulation 2018; 137: e67–492.

556	 Gudmundsdottir H, Høieggen A, Stenehjem A, Waldum B, Os I. 
Hypertension in women: latest findings and clinical implications. 
Ther Adv Chronic Dis 2012; 3: 137–46.

557	 Centres for Disease Control and Prevention. HUS 2018 trend 
tables—table 26: normal weight, overweight, and obesity among 
adults aged 20 and over, by selected characteristics: United States, 
selected years 1988–1994 through 2013–2016. https://www.cdc.gov/
nchs/data/hus/2018/026.pdf (accessed April 23, 2021).

558	 Centers for Disease Control and Prevention. National Diabetes 
Statistics Report, 2020—estimates of diabetes and its burden in 
the United States. Aug 28, 2020. https://www.cdc.gov/diabetes/
data/statistics-report/index.html?CDC_AA_
refVal=https%3A%2F%2Fwww.cdc.gov%2Fdiabetes%2Fdata%2Fs
tatistics%2Fstatistics-report.html (accessed April 23, 2021).

559	 Carnethon MR, Pu J, Howard G, et al. Cardiovascular health in 
African Americans: a scientific statement from the American Heart 
Association. Circulation 2017; 136: e393–423.

560	 Kochanek KD, Murphy SL, Xu J, Arias E. National vital statistics 
reports—deaths: final data for 2017. June 24, 2019. https://www.cdc.
gov/nchs/data/nvsr/nvsr68/nvsr68_09-508.pdf (accessed 
April 23, 2021).

561	 Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke 
statistics—2014 update: a report from the American Heart 
Association. Circulation 2014; 129: e28–292.

562	 Heron M. National vital statistics reports—deaths: leading causes 
for 2016. July 26, 2018. https://www.cdc.gov/nchs/data/nvsr/nvsr67/
nvsr67_06.pdf (accessed April 23, 2021).

563	 Balfour PC Jr, Ruiz JM, Talavera GA, Allison MA, Rodriguez CJ. 
Cardiovascular disease in Hispanics/Latinos in the United States. 
J Lat Psychol 2016; 4: 98–113.

564	 DuMonthier A, Childers C, Milli J. The status of Black women 
in the United States—executive summary. June 7, 2017. 
https://iwpr.org/wp-content/uploads/2020/08/SOBW_
ExecutiveSummary_Digital-2.pdf (accessed April 23, 2021).

565	 Green S. Violence against Black women—many types, far-reaching 
effects. July 13, 2017. https://iwpr.org/iwpr-issues/race-ethnicity-
gender-and-economy/violence-against-black-women-many-types-
far-reaching-effects/ (accessed April 23, 2021).



The Lancet Commissions

54	 www.thelancet.com   Published online May 16, 2021   https://doi.org/10.1016/S0140-6736(21)00684-X

566	 Muncan B. Cardiovascular disease in racial/ethnic minority 
populations: illness burden and overview of community-based 
interventions. Public Health Rev 2018; 39: 32.

567	 US National Center for Chronic Disease Prevention and Health 
Promotion. 2004 Surgeon General’s report: the health 
consequences of smoking. July 15, 2015. https://www.cdc.gov/
tobacco/data_statistics/sgr/2004/index.htm (accessed 
April 23, 2021).

568	 Lloyd-Jones DM, Hong Y, Labarthe D, et al. Defining and setting 
national goals for cardiovascular health promotion and disease 
reduction: the American Heart Association’s strategic Impact Goal 
through 2020 and beyond. Circulation 2010; 121: 586–613.

569	 US Department of Health and Human Services—Health 
Resources and Services Administration. Women’s health USA 
2011. October, 2011. https://mchb.hrsa.gov/sites/default/files/
mchb/Data/NSCH/whusa2011-oct2011.pdf (accessed 
April 23, 2021).

570	 Smedley BD, Stith AY, Nelson AR, eds. Unequal treatment: 
confronting racial and ethnic disparities in health care. Washington, 
DC: National Academies Press, 2003.

571	 Cappuccio FP, Miller MA. Cardiovascular disease and hypertension 
in sub-Saharan Africa: burden, risk and interventions. 
Intern Emerg Med 2016; 11: 299–305.

572	 Gómez-Olivé FX, Ali SA, Made F, et al. Regional and sex differences 
in the prevalence and awareness of hypertension: an H3Africa 
AWI-Gen study across 6 sites in sub-Saharan Africa. Glob Heart 
2017; 12: 81–90.

573	 Sliwa K, Wilkinson D, Hansen C, et al. Spectrum of heart disease 
and risk factors in a black urban population in South Africa 
(the Heart of Soweto Study): a cohort study. Lancet 2008; 371: 915–22.

574	 Tibazarwa K, Ntyintyane L, Sliwa K, et al. A time bomb of 
cardiovascular risk factors in South Africa: results from the Heart of 
Soweto Study “Heart Awareness Days”. Int J Cardiol 2009; 
132: 233–39.

575	 Sliwa K, Carrington MJ, Klug E, et al. Predisposing factors and 
incidence of newly diagnosed atrial fibrillation in an urban African 
community: insights from the Heart of Soweto Study. Heart 2010; 
96: 1878–82.

576	 Stewart S, Wilkinson D, Hansen C, et al. Predominance of heart 
failure in the Heart of Soweto Study cohort: emerging challenges 
for urban African communities. Circulation 2008; 118: 2360–67.

577	 Sliwa K, Lyons J, Carrington MJ, Pretorius S, Stewart S. Differential 
lipid profiles according to ethnicity in the heart of Soweto study 
cohort of de novo presentations of heart disease. Eur Heart J 2011; 
32: 61.

578	 Cresswell JA, Campbell OM, De Silva MJ, Slaymaker E, Filippi V. 
Maternal obesity and caesarean delivery in sub-Saharan Africa. 
Trop Med Int Health 2016; 21: 879–85.

579	 Ngwenya NA, Ramukumba TS. Prevalence of adolescent obesity at 
a high school in the City of Tshwane. Curationis 2017; 40: e1–7.

580	 Otang-Mbeng W, Otunola GA, Afolayan AJ. Lifestyle factors and 
co-morbidities associated with obesity and overweight in Nkonkobe 
Municipality of the Eastern Cape, South Africa. J Health Popul Nutr 
2017; 36: 22.

581	 Adeboye B, Bermano G, Rolland C. Obesity and its health impact in 
Africa: a systematic review. Cardiovasc J Afr 2012; 23: 512–21.

582	 Macia E, Cohen E, Gueye L, Boetsch G, Duboz P. Prevalence of 
obesity and body size perceptions in urban and rural Senegal: 
new insight on the epidemiological transition in west Africa. 
Cardiovasc J Afr 2017; 28: 324–30.

583	 African Tobacco Control Alliance. Big tobacco tiny targets: tobacco 
industry targets schools in Africa. November, 2016. https://atca-
africa.org/images/Regional-repport/ATCA-TIA-Regional-report.pdf 
(accessed April 23, 2021).

584	 Kandala NB, Shell-Duncan B. Trends in female genital mutilation/
cutting in Senegal: what can we learn from successive household 
surveys in sub-Saharan African countries? Int J Equity Health 2019; 
18: 25.

585	 Oertelt-Prigione S. Putting gender into sex- and gender-sensitive 
medicine. EClinicalMedicine 2020; 20: 100305.

© 2021 Elsevier Ltd. All rights reserved.


	The Lancet women and cardiovascular disease Commission: reducing the global burden by 2030
	Introduction
	Aim of the Lancet Commission

	Global burden of cardiovascular disease in women: insights from the GBD Study
	The value and limitations of big data
	Cardiovascular disease prevalence in women
	Cardiovascular disease mortality in women
	Cardiovascular disease subtypes and metabolic risk factors in women

	Cardiovascular risk factors in women
	Well established risk factors
	Sex-specific risk factors
	Under-recognised risk factors in women
	Cardiovascular risk assessment in women
	Prevention of cardiovascular disease in women

	Overview of disease states
	Ischaemic heart disease
	Heart failure
	Arrhythmia
	Vascular disease
	Valvular heart disease
	Cardiovascular disease and pregnancy
	Cardiovascular disease and cancer: cardio-oncology for women
	The under-representation of women and under-reporting of sex-specific data in cardiovascular clinical trials

	Review of specific global areas
	Australia and New Zealand
	Asia
	The Middle East and north Africa
	Europe
	Latin America
	Sub-Saharan Africa

	Limitations of this Commission article
	Looking forwards
	References


