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Abstract

Evidence of sex-related disparities in the care and outcomes of patients with acute coronary 

syndrome (ACS) emerged >30 years ago, and yet the mechanisms behind these sex-specific 

differences remain unclear. In this Review, we discuss the current literature on differences 

between women and men in the clinical presentation, pathophysiology, evaluation, management, 

and outcomes of ACS. Although the symptoms of ACS and the benefits of therapy generally 

overlap between women and men, women continue to receive less-aggressive invasive and 

pharmacological therapy than men. In addition, young women in particular have worse short-term 

and long-term outcomes than men. To understand better the mechanisms behind these continued 

disparities, we have identified areas of future research that need to be urgently addressed in fields 

that range from clinical evaluation and management, to increasing representation of women in 

research.

Cardiovascular disease is the leading cause of death in women as well as in men in the 

USA, accounting for >20% of deaths in both sexes1. Each year, an estimated 390,000 

women develop new and recurrent myocardial infarction (MI) and/or coronary heart 

disease in the USA alone2. Although deaths from cardiovascular disease have decreased 

over the past 3 decades, women in many parts of the world still have worse outcomes 

after acute coronary syndromes (ACS) than men (TABLE 1). Evidence of sex-related 

disparities in ACS prognosis emerged >30 years ago3; however, the mechanisms behind 

these differences remain unclear. These fundamental gaps in knowledge are compounded 

by the underrepresentation of women in cardiovascular clinical trials4. In this Review, we 

discuss the current, and sometimes conflicting, evidence for sex-related differences in the 

clinical presentation, pathophysiology, evaluation, management, and outcomes of ACS, and 

identify areas of future research that need to be urgently addressed.

Correspondence to E.D.P. eric.peterson@duke.edu.
Author contributions
N.J.P. researched data for the article. N.J.P. and E.D.P. contributed to the discussion of content, wrote the manuscript, and reviewed 
and edited the manuscript before submission.

Competing interests statement
The authors declare no competing interests.

FURTHER INFORMATION
Women’s Heart Alliance: https://fighttheladykiller.org

HHS Public Access
Author manuscript
Nat Rev Cardiol. Author manuscript; available in PMC 2022 December 16.

Published in final edited form as:
Nat Rev Cardiol. 2016 August ; 13(8): 471–480. doi:10.1038/nrcardio.2016.89.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://fighttheladykiller.org


Presentation

Type of ACS

ACS refers to a spectrum of pathological events that leads to myocardial ischaemia and 

sometimes myocardial injury. ACS encompasses three types of conditions: ST-segment 

elevation myocardial infarction (STEMI), which is characterized by complete thrombosis of 

a coronary artery and myocardial necrosis; non-ST-segment elevation myocardial infarction 

(NSTEMI), which refers to partial thrombosis of a coronary artery and myocardial necrosis; 

and unstable angina, in which the artery is partially occluded and myocardial necrosis has 

not yet occurred. Among patients with ACS, fewer women present with STEMI and more 

present with unstable angina compared with men. An analysis of the GUSTO IIb trial5 

showed that STEMI was significantly less frequent in women than in men (27.2% versus 

37.0%; P <0.001). In the groups of patients with NSTEMI or unstable angina, women 

were more likely to have unstable angina than men5. The higher rate of STEMI in men 

than in women was later confirmed in a sample of 78,254 patients from the Get With The 

Guidelines–Coronary Artery Disease registry6.

Baseline risk factors

Women with ACS have long been described as being ‘older and sicker’ than their male 

counterparts. A seminal analysis of the GUSTO IIb trial5 showed that women with ACS 

were older and had higher rates of traditional risk factors such as diabetes mellitus, 

hypertension, and previous congestive heart failure compared with men with ACS (FIG. 

1). These patterns have been confirmed by other studies from Australia7, Canada8, China9, 

South Korea10, the Middle East11, and the USA6,8, among others.

Of note, differences in baseline risk factors seem to vary by age. A study from the US 

National Registry of Myocardial Infarction, a registry including >1 million patients with MI 

between 1994 and 2006, showed that women aged <65 years were more likely to present 

with a history of diabetes, heart failure, or stroke, and with a higher Killip class than men 

in the same age group12. These differences in presentation were less pronounced or absent 

altogether as patients aged.

Diabetes, in particular, carries a differential risk of ACS between women and men. The 

INTERHEART study13, a global, case–control study in >27,000 participants, showed that 

women with diabetes were 4.3-times more likely to develop an MI than women without 

diabetes. By contrast, in men with diabetes the risk of MI was 2.7-times higher than in 

men without diabetes13. This finding was confirmed in prospective cohort studies and in 

two randomized clinical trials, which showed that the risk of coronary heart disease was 

significantly higher in women with diabetes than in men with diabetes14,15. The reason for 

the differential risk of diabetes between women and men is unknown.

Several lifestyle and psychosocial factors also carry a differential risk of ACS in women 

and men, particularly in young women. Obesity is more common in young (aged <55 

years) female patients with ACS than in their male counterparts (prevalence 51% versus 

45%; P = 0.0004)16, although this difference does not seem to exist in older women17. 

Smoking is a stronger risk factor for MI in women than in men (relative risk (RR) 3.3 
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versus 1.9), and the difference in risk is even greater in women aged <45 years (RR 7.1 

versus 2.3)18. Interestingly, smoking is the biggest risk factor for coronary plaque erosion, 

which is a particularly common mechanism of ACS in women19. Psychosocial factors 

such as depression also influence the relationship between patient sex and likelihood of 

ACS. Among patients with MI, depression is more common in women than in men20. This 

association is particularly pronounced in young women (aged <55 years), who are twice as 

likely to have depression compared with young men (prevalence 48% versus 24%)21.

Less traditional comorbidities also affect the likelihood of women developing ACS. In 

patients with STEMI, chronic kidney disease is approximately twofold more frequent in 

women than in men, and is associated with worse outcomes22,23. Menopause is thought to 

be an important risk factor in women because circulating oestrogen has a protective role 

on the vascular endothelium24. The incidence of acute MI rises sharply in women after 

menopause; however, the relationship between menopause, age, and cardiovascular events 

is difficult to unravel25. Although endogenous oestrogen seems to be protective, studies to 

examine the effect of exogenous oestrogen therapy on women after menopause show that 

hormone replacement therapy actually precipitates acute coronary events26,27. Of note, a 

controversial randomized, controlled trial by Schierbeck and colleagues found that women 

in early postmenopause might derive a cardiovascular benefit from hormone replacement 

therapy28. However, many investigators have questioned the methods and conclusions of 

this study29,30 and, therefore, the issue of exogenous oestrogen therapy in women in 

early postmenopause remains unresolved. Finally, oral contraceptive therapy has long been 

associated with an increased risk of venous thromboembolic events. A 15-year study of 

a large, Danish cohort showed that the absolute risk of MI in women taking hormonal 

contraception was low, but the relative risk was increased with larger doses of oestrogen, 

while being unaffected by progestin dose31.

Symptoms

The prevailing notion is that symptom presentation in women with acute MI is very different 

from that in men, and data from several large cohorts support this concept32. Specifically, 

the GRACE registry33 indicated that women were more likely to have atypical symptoms 

such as nausea than men. Similarly, a review of nine large cohort studies showed that the 

absence of chest pain was more common in women with ACS than in men (37% versus 

27%)32. This difference was accentuated when only small, single-centre investigations were 

considered (30% versus 17%)32. Women are also more likely to present with pain in the 

upper back, neck, arm, and jaw, and with dyspnoea, weakness, and a sense of dread34–37.

Other reviews of sex-specific differences in ACS symptom presentation have yielded 

conflicting or inconclusive results, in part owing to small, heterogeneous studies that often 

had methodological concerns38–44. Data from the US National Registry of Myocardial 

Infarction indicated that women presented without chest pain more frequently than men 

(42.0% versus 30.7%; P <0.001); however, symptom presentation substantially over-lapped 

between women and men, rendering generalizations about sex-based differences in ACS 

symptoms difficult to make12,38. Therefore, although some studies have shown differing 

proportions of various symptoms in women and men with ACS, overall both sexes 
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experience the same symptoms and, therefore, definitive conclusions on sex-specific 

differences in ACS symptom presentation cannot be drawn42.

Pathophysiology

Over the past 2 decades, mechanisms other than plaque rupture and thrombus formation 

have been increasingly recognized as the cause of a substantial proportion of ACS cases, 

especially in women45 (FIG. 2). Differing mechanisms of ACS that are more prevalent in 

women than in men include plaque erosion, coronary vasospasm, spontaneous coronary 

artery dissection, and stress-related (Takotsubo) cardiomyopathy.

Plaque erosion and coronary vasospasm

ACS can be caused by coronary thrombosis with or without occlusion of the artery. 

Thrombosis, in turn, is caused most commonly by plaque rupture, but can also be caused by 

plaque erosion46. In patients with MI, plaque rupture is considerably more common in men 

than women47. The PROSPECT study48 showed that women had smaller coronary lumens, 

less plaque rupture, and differing coronary plaque characteristics (less necrotic core and 

calcium content) compared with men. Women were also more likely to have plaque erosions 

without true plaque rupture48.

The pathophysiology of plaque erosion is postulated to be related to a multitude of 

mechanisms, including endothelial dysfunction, leukocyte activation, and inflammation19. 

Plaque erosion might also be related to coronary vasospasm, given that vasospasm can lead 

to damage and erosions in the endothelium49. Coronary vasospasm probably occurs as a 

result of transient sympathovagal imbalance and decreased bioavailability of nitric oxide or 

other vasoactive substances50–52. ACS caused by coronary artery spasm disproportionately 

affects women53. Nonfatal acute MI occurs in 25% of the population with coronary 

vasospasm54, although the prognosis in these patients is better than in those with obstructive 

CAD55. Treatment of coronary vasospasm generally consists of therapy with calcium-

channel blockers55.

Spontaneous coronary artery dissection

Spontaneous coronary artery dissection is an uncommon, noniatrogenic, and nontraumatic 

cause of ACS. Spontaneous coronary artery dissection occurs when the layers of the 

coronary arterial wall separate leading to the formation of intramural haematoma, 

compression of the true lumen, and impairment of anterograde flow56,57. Spontaneous 

coronary artery dissection is often associated with systemic disease processes that 

predispose arterial beds to injury, such as fibro muscular dysplasia, systemic lupus 

erythematosus, and various connective tissue disorders58. Overall, this condition is much 

more common in women than in men: approximately 70% of reported cases of spontaneous 

coronary artery dissection to date have occurred in women59. Spontaneous coronary artery 

dissection also seems to be associated with hormonal changes during pregnancy, leading 

to a substantial burden of disease in women in the peripartum period. Spontaneous 

coronary artery dissection is increasingly being recognized as an important cause of STEMI 

in women, accounting for 11% of cases60. Furthermore, women aged <50 years seem 
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to be at particular risk, given that 9% of female patients with ACS have spontaneous 

coronary artery dissection60. In terms of management, no prospective, randomized data are 

available to address how to treat patients with spontaneous coronary artery dissection58. 

A better understanding of the role of revascularization, antithrombotic medications, as 

well as other secondary prevention medications (such as β-blockers, angiotensin-converting-

enzyme inhibitors, and statins) in patients with this condition is urgently needed. Overall 

in-hospital mortality for spontaneous coronary artery dissection ranges from 1% to 5%60–62. 

However, female patients, and particularly women in the postpartum period, have the worst 

prognosis63,64.

Stress-related (Takotsubo) cardiomyopathy

Stress-related cardiomyopathy, also known as Takotsubo cardiomyopathy or transient apical 

ballooning syndrome, is a condition in which sudden, severe, reversible, left ventricular 

dysfunction is triggered by an acute emotional stress65. Takotsubo cardiomyopathy has 

been shown to account for up to 3% of all ACS cases66,67; however, this cardiomyopathy 

is far more common in women than in men68 and has a marked prevalence in women 

in postmenopause, in which Takotsubo cardiomyopathy accounts for 6% of ACS cases69. 

Few data exist on treatment effectiveness because the heart failure usually resolves within 

weeks45. Prognosis is generally good for patients who survive the initial acute phase of heart 

failure, and whether outcomes differ by sex is unknown.

Evaluation and management

Diagnosis

Cardiac troponin, a component of the contractile apparatus of the myocardium, is a sensitive 

and specific marker of cardiac muscle injury that has become a corner stone of ACS 

diagnosis. Interestingly, troponin levels at ACS presentation are on average lower in women 

than in men70. Lower cut-off values for troponin levels in women have been proposed 

for the new high-sensitivity assays for troponin, which might improve detection of MI 

in women70. Nevertheless, despite these new diagnostic tools and thresholds for troponin, 

evidence suggests that diagnosis of ACS is missed more often in women than in men. In a 

study of 10,689 patients who presented to US emergency departments with ACS symptoms, 

women were slightly more likely to be discharged without hospitalization than men (3.4% 

versus 1.4%; P = 0.05)71. Additionally, data from the US National Registry of Myocardial 

Infarction indicated that young women (aged <60 years) were given a diagnosis other than 

ACS at the time of admission more frequently than young men72. Further research into 

sex-specific thresholds for troponin and other biomarkers might improve ACS diagnosis in 

women.

Delay in presentation

Substantial evidence suggests that women present to the hospital for ACS treatment later 

than men73–75. One study from Hong Kong showed that the median delay time from the 

onset of ACS symptoms to arrival at the hospital was 15.6 h for men, while the median delay 

for women was 53.7 h76. The delay in presentation might contribute to poorer outcomes 

in women77. The reasons for the greater delay in presentation in women than in men 
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include lack of awareness, misinterpretation of symptoms, barriers to accessing care, fear, 

and embarrassment73,78,79.

Treatment

A preponderance of evidence suggests that, overall, evidence-based medications and 

invasive procedures are similarly effective in women and men with ACS80,81. However, 

women with ACS tend to receive fewer evidence-based medications and are less likely to 

have invasive interventions than their male counterparts6,82. The treatment strategies in both 

clinical trial and real-world settings are reviewed below.

Reperfusion therapy.—Results from clinical studies have shown that women and men 

with STEMI derive similar benefit from percutaneous coronary intervention (PCI) relative 

to fibrinolysis83,84. By contrast, the role of early invasive management in women with 

unstable angina or NSTEMI seems to be more nuanced. A meta-analysis of trials in the past 

2 decades suggested that men with NSTEMI derive a survival benefit from early invasive 

therapy compared with conservative care85. By contrast, no significant benefit was found 

in women with NSTEMI85. However, if the results are limited to patients with positive 

ACS biomarkers (for example, elevated troponin levels) both women and men had improved 

outcomes with early invasive treatment86,87. Despite these data, multiple community-based 

studies show that women with ACS are significantly less likely to receive angiography 

and/or PCI than men with ACS88. Among patients with STEMI, a study in the USA 

showed that fewer women received reperfusion therapy with primary PCI or fibrinolytic 

therapy compared with men (56.3% versus 73.0%; P <0.0001), and this disparity persisted 

after adjustment for clinical factors6. Women with STEMI are also less likely to receive 

rapid reperfusion therapy compared with men with STEMI, either by fibrinolytic therapy 

(door-to-needle time <30 min; 28.3% versus 35.2%; P = 0.0005) or with primary PCI 

(door-to-balloon time <90 min; 39.0% versus 44.8%; P <0.0001)6. Substantial evidence has 

shown that such sex-specific disparities in STEMI reperfusion therapy are not unique to the 

USA89–92. Among patients with NSTEMI aged ≤65 years, fewer women receive coronary 

intervention compared with their male counterparts, irrespective of angiographic findings93. 

Therefore, women with either STEMI or NSTEMI seem to receive less-aggressive invasive 

care than men with these conditions.

Pharmacological therapies.—Most antiplatelet therapies have similar benefits in both 

women and men with ACS. Although the use of aspirin for primary prevention is of 

uncertain benefit in women94,95, the use of aspirin at the time of ACS is of clear benefit 

in both sexes96. Clopidogrel, an oral antiplatelet agent, has also been shown to reduce 

adverse outcomes in both women and men with ACS who have undergone PCI97. By 

contrast, women and men might respond differently to glycoprotein IIb/IIIa inhibitors, an 

intravenous antiplatelet therapy. A large meta-analysis showed that men had a reduction 

in the risk of death or recurrent ACS events when taking glycoprotein IIb/IIIa inhibitors, 

but women did not98. However, similar to the findings with early invasive intervention, 

when the analysis was limited to individuals with confirmed ACS (those with elevated 

troponin levels), the sex-associated effect disappeared, and both men and women in this 

high-risk group had improved outcomes98. The benefit of antiplatelet therapy in ACS must 
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be weighed carefully against the risk of bleeding, which is higher in women than in men. 

A multitude of studies consistently show that women with ACS have higher bleeding risks 

than men with ACS99–103. This difference seems to be primarily attributable to sex-related 

differences in body surface area, drug metabolism, and pharmacokinetics.

Beyond antithrombotic therapy, a meta-analysis of β-blocker administration after MI showed 

similar benefits of these drugs in women and men104. Similarly, the long-term benefits of 

angiotensin-converting-enzyme inhibition after MI seem similar in both women and men, 

with a similar risk reduction for the composite of death, heart failure, and MI in both sexes 

(OR 0.71, 95% CI 0.65–0.77 and OR 0.79, 95% CI 0.67–0.93, respectively)105. The use 

of statin therapy is also similarly beneficial for women and men106,107 (RR ratio for major 

coronary events 0.77, 95% CI 0.64–0.94 versus RR ratio 0.74, 95% CI 0.69–0.79)107.

Despite a clear role for the above medications in the treatment of ACS, women still seem to 

receive less-aggressive medical therapy than men. A study of the ACC database of patients 

with ACS undergoing PCI between 2004 and 2006 showed that during hospitalization, 

fewer women received aspirin (adjusted OR 0.86, 95% CI 0.83–0.88) and glycoprotein 

IIa/IIIb inhibitors (adjusted OR 0.90, 95% CI 0.88–0.92) compared with men108. Similar 

disparities in therapy have been shown with thienopyridines and heparin8, β-blockers, and 

statins109. In many cases, the absolute differences in treatment between women and men 

were small6,33,110,111; however, the relationship consistently trended in the same direction, 

with women receiving less-aggressive care than men.

Outcomes

A substantial body of evidence supports a sex-related difference in short-term mortality 

after ACS, especially after STEMI. A meta-analysis including >136,000 patients from 11 

randomized clinical trials of ACS showed that women with STEMI had worse 30-day 

outcomes than men, but women with NSTEMI or unstable angina had better outcomes112. 

Similarly, a study including 78,254 patients showed that sex-related differences in in-

hospital mortality disappeared after adjustment for clinical factors; however, a disparity 

in patients with STEMI remained (10.2% versus 5.5%; P <0.0001)6. The reasons for the 

differing short-term prognosis by ACS type in women and men are unknown.

With regard to long-term outcomes, the evidence for a difference in mortality between 

female and male patients with ACS is conflicting. Some old studies suggest that no sex-

based differences in long-term mortality exist113, whereas other studies suggest that the 

crude death rates are different, and that this difference is attenuated after adjustment for 

baseline clinical factors. For example, a review including 39 studies published between 1966 

and 2012 showed that, compared with men, women had a higher unadjusted death rate 

after MI at both 5 and 10 years114. However, these differences were largely explained by 

sex-related differences in age, comorbidities, and treatment use114. Similarly, an analysis of 

a nationwide cohort in the Netherlands showed that long-term mortality differences between 

women and men were diminished, and even reversed, when baseline factors were taken into 

account115.
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A growing body of literature suggests that sex-related outcomes differ by age82. Young 

women (aged <50 years) have a twofold greater early risk of death after acute MI than 

similarly aged men72. Young women (aged <65 years) with acute MI have a 22% higher risk 

of 30-day hospital readmission than young men, even after adjustment for confounders116. 

These differences persist over time such that the 2-year mortality after an ACS event is 

significantly higher in women than men among patients aged <60 years, but not among older 

patients (aged ≥70 years)117. Similar results from a large cohort in Sweden lend validity to 

these findings118. The age-dependence of the relationship between patient sex and outcomes 

after ACS seems to hold true for patients with STEMI and patients with NSTEMI in the 

short-term119 and in the long-term120,121.

The VIRGO study122, published in 2015, indicated that young women (aged <55 years) 

with STEMI received reperfusion therapy less frequently and were more likely to have 

reperfusion delays than similarly aged men. Longer door-to-needle and door-to-balloon 

times, along with lower prescription rates of discharge medications (statins, angiotensin-

converting-enzyme inhibitors, and angiotensin-II-receptor blockers), in women than in men 

were also found among patients aged <45 years included in the AHA’s Get With The 

Guidelines–Coronary Artery Disease registry123. Similar results have been found in other 

studies124. Whether these differences in management contribute to the observed difference 

in outcomes between these two groups is unknown.

Women in clinical trials

Recommendations for ACS management in women are largely based on clinical trials 

that did not include an adequate number of women and that did not perform subgroup 

analyses by sex. In response to the widespread underrepresentation of women in clinical 

trials, both the NIH and the FDA issued mandates in 1993 for the inclusion of women in 

clinical trials125,126. Since then, although the absolute number of women in clinical trials has 

increased127, women remain markedly under-represented, particularly in ACS trials. Indeed, 

an analysis of randomized, controlled trials in ACS that were published between 1966 and 

2000 showed that the enrolment of women increased from 20% in studies published in 

1966–1990 to 25% in studies published in 1991–2000 (REF. 128). This level of enrolment 

was still far below the proportion of women with ACS reported for those years in the 

USA, where 43% of all patients with MI were women128. Similar initiatives to the 1993 

US mandates for promoting participation of women in clinical trials have been developed 

by other countries such as Canada (TABLE 2), but unlike the NIH policies, the inclusion 

of women in clinical studies was not mandatory. In addition, clinical trial guidelines from 

several countries do not address patient sex specifically (TABLE 2).

The reasons for the underrepresentation of women in ACS trials are unknown, but are 

likely to be multifaceted. Possible reasons include concern about the safety of women of 

childbearing potential, for pregnant women, and for their fetuses, although this explanation 

cannot account for the low enrolment of old women in cardiovascular trials129. Further 

explanations might include a general unwillingness of women to volunteer to participate in 

studies, or a higher tendency for women to withdraw from studies before their completion 

compared with men. However, the adequate enrolment of women in hypertension trials 
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discounts these claims, as does the enrolment of women in single-sex cardiovascular 

trials129. Other barriers to enrolling an adequate number of women in mixed-sex trials must 

be present and further research is needed to elucidate these barriers and how they can be 

addressed.

The NIH and the FDA mandates also stated that sex-specific analyses of drugs and 

treatments should be performed in clinical trials125,126 and yet, for example, not one of 

the trials included in a Cochrane review of ACS treatment strategies included data on 

sex-specific outcomes130,131. Beyond simply enrolling more female patients and performing 

more subgroup analyses by sex, leaders in the field have advocated for a more rigorous 

approach to understanding cardiovascular disease in women, in which studies are designed 

at the outset to have adequate power to analyse sex-based differences132. Such rigorously-

designed studies will be necessary to address the plethora of unknowns that remain with 

regard to ACS management and outcomes in women.

Future directions

In BOX 1 we outline the questions that we believe need to be studied most urgently to 

address the underlying reasons for the sex-based disparities in ACS. These important, but 

unanswered, questions span the entire clinical spectrum of ACS, from pathophysiology and 

presentation, to management and outcomes.

Beyond additional research on sex-related differences in ACS, advocacy and public policy 

that addresses sex gaps in ACS knowledge and care are also urgently needed. Although 

awareness of heart disease as the leading cause of death among women improved between 

1997 and 2012, the rate of awareness in 2012 remained dismal at only 56% of all women 

surveyed133. Furthermore, the heart disease awareness level of African-American women in 

2012 was similar to that of white women in 1997 (REF. 133), indicative of a dangerous 

and persistent racial disparity in awareness among women. Advocacy and educational 

programmes targeted to the general public, such as that of the Women’s Heart Alliance, 

are absolutely necessary, but are not sufficient. Evidence from the VIRGO study134 suggests 

that providers are 11% less likely to tell young women that they are at risk of heart disease 

compared with young men, and are also 16% less likely to discuss risk-factor modification 

with young women. This disparity highlights a cultural bias in medicine that must be 

directly addressed with both educational and policy tools. Potential interventions might 

include building educational courses on sex disparities into the medical school or residency 

curriculum, or recognizing providers who have high levels of prevention metrics in both 

women and men.

Conclusions

Women have more-varied pathophysiology underlying ACS events than men. In addition, 

cardiovascular risk factors have a differential effect in women, and some risk factors are 

more common in women than in men. This difference in pathophysiology and baseline risk 

factors, along with differential responses to therapy and sex-based variations in treatment 

patterns, might help to explain the differences in outcomes that are observed between 
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women and men. More investigation into sex-related differences in ACS mechanisms and 

the clinical care of women with ACS is urgently needed.
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Key points

• Women and men with acute coronary syndrome (ACS) tend to present with a 

similar constellation of symptoms, although at different rates

• Women often have alternative mechanisms of ACS, such as spontaneous 

coronary artery dissection and vasospasm, beyond the plaque rupture most 

typically seen in men

• Across the range of ACS, women generally receive less-aggressive invasive 

and pharmacological care than men

• Sex-related outcomes after ACS vary by age; young women have worse 

short-term and long-term outcomes than men, but old women have similar 

outcomes to those of old men

• Representation of women in clinical cardiovascular trials needs to increase 

in order to address the plethora of unknowns that remain about sex-related 

differences in ACS
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Box 1 |

Urgent research questions about sex-based differences in ACS

Presentation and baseline risk factors

• Are sex-based differences in the symptoms of acute coronary syndromes 

(ACS) large enough to warrant a change in clinical practice?

• Why does diabetes mellitus carry a greater relative risk of cardiovascular 

disease in women than in men?

• Do psychological and behavioural risk factors such as depression have a 

larger role in the development of cardiovascular disease in women than in 

men?

Pathophysiology

• Why is plaque erosion more common in women than in men, and how can 

plaque erosion be prevented?

• Does microvascular dysfunction have a major role in the development of 

coronary artery disease or ACS in women?

• Does the different pathophysiology of ACS in women correlate with 

differences in symptoms at presentation?

Evaluation and management

• Why are young women with ACS more often misdiagnosed at the time of 

presentation than young men?

• How should women with ACS and nonobstructive coronary artery disease on 

angiography be optimally managed?

• How should spontaneous coronary artery dissection be managed medically; is 

there a role for revascularization?

• What are the causes for women with ACS consistently receiving less-

aggressive invasive and pharmacological therapy than men?

• How can treatment rates in women be increased when appropriate?

Outcomes

• Why do women have worse short-term outcomes than men after ST-segment 

elevation myocardial infarction, but not after non-ST-segment elevation 

myocardial infarction or unstable angina?

• What are the mechanisms by which young, but not old, women with ACS 

have worse short-term and long-term outcomes than men in the same age 

group?

Representation in research
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• How can researchers be encouraged to include a greater proportion of women 

in cardiovascular trials?

• How can the inclusion of prespecified, sex-based analyses be promoted?

• Is there a role for incentive-based funding for the trials that include a 

representative proportion of women?
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Figure 1 |. Sex-specific differences in baseline risk factors for ACS.
Women have higher rates than men of traditional risk factors such as diabetes mellitus, 

hypertension, and obesity, and have differential lifestyle and psychosocial determinants. In 

addition, women have sex-specific risk factors such as pregnancy and menopause. ACS, 

acute coronary syndrome; MI, myocardial infarction; STEMI, non-ST-segment elevation 

myocardial infarction.
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Figure 2 |. Sex-specific differences in the pathophysiology of acute coronary syndrome.
A substantial proportion of acute coronary syndrome cases, especially in women, are 

caused by mechanisms other than plaque rupture and thrombus formation45. Plaque erosion, 

coronary vasospasm, spontaneous coronary artery dissection, and stress-related (Takotsubo) 

cardiomyopathy are more prevalent in women than in men.
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Table 1 |

Global trends in sex-based outcomes after acute coronary syndrome

Country Years Outcome Change in outcome over time in male 
patients

Change in outcome over time in 
female patients

Ref.

Denmark 1978–2012 1-year mortality From 50% to 9% From 53% to 15% 135

Israel 1981–1994 30-day mortality* From 17% to 11% From 24% to 15% 136

Japan 1979–2008 In-hospital mortality
From 16%

‡
 to 6% From 23%

‡
 to 12%

137

Sweden 1985–2004 28-day mortality 69% reduction 45% reduction 138

USA 1992–2010
30-day mortality

§ From 18% to 15% From 20% to 17% 139

*
Age-adjusted mortality.

‡
Value estimated from Figure in the cited paper.

§
Estimates are for an African-American population.
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