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Abstract

There are sex-related differences in the epidemiology, presentation, diagnostic testing, and 

management of Ischemic heart disease (IHD) in women compared with men. The adjusted 

morbidity and mortality are persistently higher, particularly in younger women and blacks. Women 

have more angina but less obstructive CAD which affects delays in presentation and diagnosis 

and testing accuracy. The non-biological factors play a significant role in access to care, IHD 

management, and guideline adherence. Future research focus includes sex-specific outcomes, 

characterization of the biologic differences and implementation science around quality of clinical 

care.
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Ischemic heart disease (IHD) remains the leading cause of death in men and women. 

However, the manifestation of disease, treatment and health outcomes are influenced by 

both sex and gender factors. Sex differences are based on biological factors whereas 

gender differences are based on behavior, individual identity, and sociocultural roles. (1) 

Cardiovascular health and prevention strategies are impacted by both sex and gender factors. 

Women between the ages of 45 −74 have a higher mortality after a first myocardial 
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infarction (MI) when compared to men. (2) Women with IHD have higher morbidity and 

experience chronic angina symptoms, more hospitalization and have overall worse health 

status. Also, there are female specific conditions that increase the risk of IHD such as early 

menopause, adverse pregnancy outcomes and cardiotoxic breast cancer treatments. Early 

detection and implementation of guideline directed treatment of IHD reduces morbidity 

and mortality and may be particularly important for women who may present with 

atypical symptoms. (3) The term IHD encompasses both obstructive and nonobstructive 

coronary artery disease. The later is more inclusive of disorders, such as microvascular and 

endothelial dysfunction, more commonly found in women and the broader definition may 

improve the undertreatment and ultimately morbidity and mortality in women, Therefore, it 

is imperative that clinicians understand the sex-specific IHD differences in women to help 

improve outcomes.

Epidemiology of sex/gender differences

Public awareness of IHD symptoms has increased and is greater in women than men (54.4% 

versus 45.6%). (4) However, awareness varies by sociodemographic factors. Among younger 

(<55 years of age) patients hospitalized with myocardial infarction, only 48.7% of females 

and 52.9% of males were previously told they were at risk for IHD. (5) Similarly, in a 

national sample, only 21% of women reported discussions about IHD risk with their doctors 

- rates were lowest among Hispanic women. (6) Approximately 50% of women are aware 

that heart disease is the number one cause of death in women. (7) Higher cardiovascular risk, 

younger age and low socioeconomic status are associated with reduced knowledge of IHD. 

(8)

The prevalence of CAD is higher for men than women (8.3% versus 6.2%) and increases 

with age. The average age for first MI in women is 72.0 years compared to 65.6 years for 

men. (2) Also, the incidence of MI or fatal IHD in women increases with age with a higher 

incidence in Black women than White women at all ages. (2) (Table 1) This pattern was 

found in another study with three large cohorts; however, these differences. (9)

Yet, IHD related deaths are lower in women than men overall. As of 2018, the age-adjusted 

death rates per 100,000 for Non-Hispanic White women, Non-Hispanic Black women and 

Hispanic Black women were 64.9, 79.7 and 50.3, respectively. (2) Despite lower rates of 

IHD in women, when women have a IHD event, their mortality is higher. Using data pooled 

from several epidemiological cohorts, it is estimated that within 1 year of a first MI, 23% of 

women and 18% of men will die; within 5 years, 47% of women and 36% of men will die. 

(2)

Differences in mortality rates are greatest at the younger age groups. Since 2000 there has 

been minimal improvement in IHD mortality (−1% estimated annual percentage change) in 

young women (<55 years of age). (8) In hospital mortality with acute MI is higher in women 

and is influenced by age, race and ethnicity. (10) Among those less than 65 years of age, 

in-hospital mortality rates are highest for Hispanic women (3.7%) when compared to Black 

(3.1%) and White women (2.5%). (7)
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Morbidity associated with IHD is higher in women. Women have more symptoms, more 

frequent hospitalizations, worse health status and more complications after procedures. (11) 

Some of the difference in women is due to higher burden of nonobstructive coronary disease. 

From the large, prospective ACC CathPCI Registry, women with stable angina and with 

ASC had lower risk-adjusted OR for obstructive CAD (0.34 and 0.47 respectively) and 

Black women had the lowest OR. (12) Similar finding were noted in the WISE trial, yet 

equal or greater degrees of ischemia and mortality. (13) The lack of data on treatment 

options for endothelial and microvascular dysfunction and spontaneous coronary artery 

dissection contributes to morbidity.

In sum, there are significant sex-differences in the incidence, prevalence and outcome of 

IHD with increased understanding of the broader spectrum of nonobstructive CAD and 

unique pathophysiology of atherosclerosis including more plaque erosion in women.

Presentation, Risk Assessment and Treatment

Sex differences exist in the presentation of IHD. Women less often report chest pain and 

diaphoresis and more often complain of back pain, jaw pain, epigastric pain, palpitations, 

lightheadedness; the additional, nonspecific symptoms can mislead both patients and 

providers. The National Registry of Myocardial Infarction demonstrated that 42% of men 

vs. 31% of women presented with chest pain in the setting of myocardial infarction. (14) In 

the VIRGO trial, the poorer 1-year outcomes among middle-aged women (<55) were largely 

attributed to less frequent reporting of typical chest pain. (15) This atypical presentation 

in women as well as social and behavioral barriers contributes to delays in seeking care, 

diagnosis and delivery of appropriate treatment strategies, resulting in worse outcomes.

Men and women share similar modifiable traditional cardiac risk factors for IHD, but 

diabetes and smoking are more potent in women. (16) Additionally, women are at increased 

risk due to female-specific risk-enhancing factor such as early menopause, inflammatory 

diseases (systemic lupus erythematosus, rheumatoid arthritis), pregnancy complications 

(preeclampsia, gestational diabetes) and cardiotoxic breast cancer treatment. (TABLE 

2) These have been included in the 2018 AHA/ACC Cholesterol Guidelines and 2019 

ACC/AHA primary prevention Guidelines to be consider in the discussion with patients for 

assessment and treatment. (17)

There are sex-specific limitations to the traditional 10-year ASCVD risk calculator. It is 

less reliable for women because it does not identify high risk women under the age of 

40, does not consider sex-specific risk factor potency or risk enhancers, and can over or 

underestimate risk due to late onset of CVD in women. (18)

Still, there remains an implementation gap with women having lower rates of assessment, 

education and treatment for primary and secondary prevention. Primary care physicians 

ranked heart disease after weight issues and breast health as their top clinical priority for 

women. (19) Also, women were 65% less likely to have assessment of their smoking status, 

body habitus, blood pressure and lipid profile (20) and less likely to be prescribed statin and 

antiplatelet therapy, compared with men. (21) With established IHD, women were less likely 
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to achieve guideline-directed secondary prevention targets for lipids (OR, 0.5), glucose (OR, 

0.78), physical activity (OR, 0.74), or body mass index (OR, 0.82). (22) The undertreatment 

is worse for younger women, young women (35–54 years) were 37% less likely to be 

prescribed antihypertensive, statin and antiplatelet medications than men in the same age 

group. (22) Also, women were 32% less likely be referred to cardiac rehab and 36% less 

likely to enroll in cardiac rehabilitation. (21)

Diagnostic Testing

Because women have higher burden of traditional risk factors and sex-specific risk 

enhancing factors and have more nonobstructive disease on angiography, accurate risk 

stratification and early identification is paramount. Coronary artery calcium has emerged 

as one of the more powerful predictors of subclinical atherosclerosis, and to effectively 

risk stratify women, particularly those with an intermediate Framingham risk score (FRS). 

(23) The MESA study revealed CAC was present in 32% of women who was previously 

classified as low CHD risk by FRS. Moreover, 4% had CAC ≥300 Agatston score 

reclassifying them high risk. (24)

Diagnostic imaging has an expanded role in the evaluation of symptomatic women to detect 

the full spectrum of IHD including nonobstructive CAD and ischemia from endothelial 

and microvascular dysfunction. (3) With Bayesian analysis of pretest probability of disease, 

each of the diagnostic modalities have comparable diagnostic accuracies as well as specific 

benefits and limitations that are of importance in women. (TABLE 3)

A sex- specific limitation in SPECT MPI is lower cardiac mass in women causing lower 

sensitivity for ischemia, and less accurate transient ischemic dilation evaluation. Specificity 

is also reduced due to dense breast, and/or obesity in women. (25) Stress positron emission 

tomography (PET) improves the diagnostic accuracy and prognostic value by evaluating the 

coronary microvasculature and macrovasculature with quantification of absolute myocardial 

blood flow and coronary flow reserve. Also, emerging areas in cardiac magnetic resonance 

(CMR) such as perfusion and metabolic imaging, blood oxygenation level-dependent 

imaging for microvascular disease, CMR spectroscopy, and exercise CMR show early 

promise for detection of IHD in women. (26)

Women with symptoms and/or ischemia on functional testing may undergo anatomic 

assessment by catheterization or CTA and have been shown to have a lower prevalence 

of obstructive CAD.

Complete diagnostic evaluation should include workup for vasospasm, microvascular 

dysfunction and coronary embolism. Spontaneous coronary artery dissection should also be 

suspected in young women presenting with ACS, particularly peripartum. (27) Importantly, 

the prognosis with symptomatic, nonobstructive disease is worse in women.

Sex specific Recommendations in Guidelines

Current ACC/AHA and ESC guidelines for the treatment of IHD offer recommendations 

which in general are not different between men and women but have added descriptive 

Solola-Nussbaum et al. Page 4

J Am Coll Cardiol. Author manuscript; available in PMC 2023 April 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sections on sex- based differences. (TABLE 4) The 2013 ACCF/AHA ST elevation 

myocardial infarction (STEMI) guidelines highlight that 30% of patients presenting with 

STEMI are women and they remain undertreated despite universal recommendations 

for treatment. (28) Based on NCDR ACTION Registry data, women had longer door-to-

fibrinolysis and door-to-balloon times and longer median first medical contact to device 

times compared to men (80 v. 75 min) (29) particularly in younger women. (30)

The 2014 AHA/ACC guidelines for non- ST elevation acute coronary syndrome (NSTE-

ACS) offer a strong recommendation for an early invasive strategy in women with high-risk 

features. (31) For pregnant patients, revascularization is reasonable if an ischemia-guided 

strategy is ineffective in managing life-threatening complications.

The 2012 ACC/AHA guideline for stable ischemic heart disease and the 2014 Focused 

Update do not distinguish recommendations in terms of use of anti-ischemic medications, 

PCI to relieve symptoms, or revascularization with CABG to improve survival in left main 

or 3-vessel disease. (32) Randomized controlled trial data showed no sex differences in the 

benefits of goal directed medical therapy compared to goal directed medical therapy plus 

PCI (though few women were enrolled). (33) As no clinical trials have shown a reduction 

in cardiovascular risk or improved clinical outcomes from hormone therapy, the guidelines 

warn against estrogen therapy in postmenopausal women (Class III, LOE A No Benefit). 

(34) The 2011 ACCF/AHA/SCAI Guideline for percutaneous coronary intervention (PCI) 

highlight that woman have a 25–80% higher risk of in-hospital PCI mortality compared to 

men, due in part to higher procedural complications and greater number of risk factors. (35, 

36) Drug-eluting stent is preferred without distinction by sex, given data on similar efficacy 

in clinical trial subgroup analyses. (37)

The 2011 ACCF/AHA Guideline for Coronary Artery Bypass Graft Surgery note that most 

recommendations for CABG in women are extrapolated from studies that predominantly 

studied men. (38) Studies of women receiving CABG demonstrate higher periprocedural 

morbidity and mortality, but these do not translate into worse longer-term outcomes. (39) 

Potential reasons for the higher periprocedural complications include older age, later or 

more severe presentation, smaller body surface area or coronary dimensions, and higher 

bleeding risk. With regards to the procedure itself, women are less likely to be completely 

revascularized and less likely to receive internal mammary arterial grafting, particularly 

bilateral. (40)

The Under-representation of Women in Cardiovascular Clinical Trials

Women have historically been underrepresented in cardiovascular clinical trials, which has 

resulted in uncertainty about the efficacy and safety of many therapies in women and has 

limited the potential to provide sex-specific guidelines and recommendations. Between 2010 

and 2017, only 38.2% of all cardiovascular trial participants were female, with studies 

on acute coronary syndrome showing the most prominent under-representation of women 

(26.9% female participants). (41) In addition, sex-specific data of cardiovascular clinical 

trials are under-reported. Clinical trials need to prioritize inclusion of female subjects so 

that our recommendations for women are grounded in sex-specific data. (42) Statistically 
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powered sex-specific subgroup analyses must be included in the study design, and the study 

population needs to be large enough to draw clinically relevant conclusions separately for 

women and men. (43) Ongoing mandates for inclusion of women from the NIH and other 

funding bodies are vital and must be followed. Additionally, given that female minorities 

present with unique biologic and social determinants of health, studies that evaluate the 

interplay between race and sex must be prioritized.

Strategies to increase the proportion of female participants in cardiovascular clinical trials 

include strict enforcement of existing mandates and policies, avoiding exclusion criteria that 

affect women more than men, or caps for men enrollment after a certain level of male 

participation is reached. It is also crucial to investigate and address barriers for women to 

participate in clinical trials and offer flexible hours or at-home follow-up. Including the 

primary care physician and family in the discussion about the risk and benefits of trial 

participation may further facilitate enrollment and retention of women in cardiovascular 

clinical trials.

Implementation Challenges and Solutions

The limited availability of robust data on women with CHD might also contribute 

to the ongoing challenge of implementing timely and appropriate guideline-driven 

treatment in women. Part of the solution also lies in improving gender representation 

among cardiovascular providers themselves. Despite evidence that patient-physician gender 

concordance and a more gender equitable physician workforce may result in improved 

cardiovascular outcomes, only 3% of PCIs are performed by women. (44) Dedicated 

efforts to reduce conscious and unconscious gender bias are required if we are to increase 

implementation of guideline-based therapy for all patients regardless of sex.

We recommend:

• Dedicated efforts to train providers may help to reduce delays to initial diagnosis. 

(45)

• Patient- oriented efforts to increase awareness in women, such as the AHA Go 

Red for Women campaign, may also reduce prehospital delays.

• Standardized approaches to care can elevate all quality, such as the ACC/AHA 

Door to Balloon Alliance helped to standardize timely PCI through partnership 

between hospitals, providers, and payers. (46)

• Risk prediction tools that are tailored to women should be further developed and 

consider the differential risk of traditional risk factors and emerging risk factors, 

such as early menopause, pregnancy related factors, and autoimmune disorders.

• Technical procedural approaches that may have advantages in women, such as 

radial access to reduce bleeding, should be further studied, and implemented.

• Further research to better characterize diagnostic and treatment options for the 

spectrum of nonobstructive CAD is needed.
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• Ongoing mandates for inclusion of women and minorities as research subjects 

and investigators is needed.

Conclusions

In summary, there are well characterized differences in epidemiology, presentation, 

diagnostic testing, and management in women compared with men. Though women 

typically present at an older age and with more comorbidities, adjusted morbidity and 

mortality for all ages remains unacceptably high. The clinical presentation of IHD may be 

more varied in women leading to delays in recognition and in care by both patients and 

providers. Women have lower prevalence of obstructive CAD, but do not have a better 

prognosis. There are sex-specific differences in diagnostic testing modalities and those that 

can assess for nonobstructive disease such as endothelial and microvascular dysfunction are 

need refinement. The management of acute and chronic IHD as well as primary prevention, 

should be driven by our guidelines, the implementation of which still lags to a greater degree 

in women compared with men. Non-biological factors play a significant role in access to 

care, IHD screening, management, disease progression and outcome for women. We must 

focus research not only on the biology of the disease and quality of clinical care, but also on 

social science and public policy that effect the social determinants of health which drive over 

80% of health outcomes.

Research must include more women of all age and racial groups; specific methodologies for 

recruiting women and minorities into clinical trials is needed. Targeted efforts to increase 

women cardiologists, researchers and principal investigators, mandates to report on sex-

based differences in clinical trials, and open data access to patient level data for subsequent 

larger, meta -analysis can help drive progress. Lastly, ongoing education of the public and 

providers is needed to close these gaps in care and outcomes. (Central illustration)
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ABBREVIATIONS:

IHD Ischemic heart disease

MI Myocardial infarction

CAD Coronary Artery Disease
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SPECT Single-photon emission tomography

MPI Myocardial perfusion imaging

CMR Cardiac magnetic resonance

CTA Computed tomography angiography

NSTE-ACS Non- ST elevation acute coronary syndrome

CABG Coronary artery bypass graft surgery

PCI Percutaneous coronary intervention
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Highlights.

• There are differences in the presentation, diagnosis, and management of 

ischemic heart disease in man and women.

• Women more often have nonobstructive coronary disease than men but face 

higher morbidity and mortality.

• Initiatives to address sex-based differences in clinical research could improve 

outcomes for women with ischemic heart disease.
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Central Illustration: Sex-Related Differences in Ischemic Heart Disease.
Visual diagram illustrating the epidemiology, presentation, diagnostic testing, and 

management of ischemic heart disease (IHD) in women as well as the means to improve 

the future care of IHD in women.
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