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June 2011
Dear Colleague,
Cardiovascular disease (CVD), a term used to describe diseases of the heart or blood vessels, is the
leading cause of death for women in the United States, causing 8.6 million deaths among women annually 1, 2. Experts estimate that one in two women will die of heart disease or stroke, compared with
one in 25 women who will die of breast cancer. Despite the fact that more women than men die each
year of heart disease 2, and that there are known sex differences in symptoms and treatment, medical
treatment of women has not changed substantially nor has it resulted in appropriate research into the
distinct sex differences that exist in CVD. Time is of the essence. CVD death rates are increasing for
women under age 55, despite an overall decrease in death rates from CVD in recent years.
Conducting appropriate sex or race/ethnicity specific differences research and analysis of CVD trial
results has been difficult due to insufficient recruitment of women and minorities into the trials. This
has contributed to a lack of understanding of sex difference in CVD. Improved participation rates of
women and minorities in CVD trials research would result in more appropriate prevention and early
detection, accurate diagnosis and proper treatment of all women with heart disease.
In 2006, the Society for Women’s Health Research (SWHR), a national organization whose mission
is to improve the health of all women through research, education and advocacy and WomenHeart:
The National Coalition for Women with Heart Disease, the nation’s only patient centered organization
serving the 8 million American women living with heart disease, joined forces to address issues in
women’s heart health. SWHR and WomenHeart consulted with cardiovascular experts to identify the
top 10 unanswered research questions concerning the prevention, diagnosis and treatment of heart
disease in women. The results were published as the 10Q Report: Advancing Women’s Heart Health
through Improved Research, Diagnosis and Treatment (February 2006).
Despite this 2006 alert, these and other questions still lack answers; thus the SWHR and WomenHeart
are issuing an updated 2011 10Q Report. In a time of limited budgets and a need to focus research
funding appropriately, it is imperative that we obtain answers to the questions posed in this report.
The 2011 10Q Report is a call to action to members of Congress, administration officials, researchers,
health care providers and women about important unanswered questions in the prevention, diagnosis
and treatment of women with heart disease.
Sincerely,

Sharonne N. Hayes, MD
Mayo Clinic
Rochester, MN

Nanette K. Wenger, MD
Emory University School of Medicine
Atlanta, GA

Phyllis Greenberger, M.S.W.
President and CEO
The Society for Women’s Health Research

Lisa M. Tate
CEO WomenHeart: The National Coalition
for Women with Heart Disease
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Executive Summary

The 2011 10Q Report presents a consensus by leading experts on the top ten questions in cardiovascular care for women. The report provides a road map for future research concerning women’s
cardiovascular health. Answers to the following ten questions should improve early detection, accurate
diagnosis and treatment for women living with or at risk of heart disease.
1. What factors influence or explain disparities in cardiovascular disease epidemiology and disease
outcomes between men and women?
2. What are the best strategies to assess, modify, and prevent a woman’s risk of heart disease?
3. What are the most accurate and effective approaches to assess and recognize chest pain and other
symptoms suggesting coronary heart disease in women?
4. What role does a woman’s reproductive history and menopausal hormone therapy play in the
development of heart disease?
5. What are the risk factors for cardiovascular disorders associated with pregnancy and how are they
best treated?
6. What is the best method for studying sex differences in vascular injury so that cardiovascular repair
therapies may be improved?
7. What are the most effective treatments for diastolic heart failure (heart failure with preserved
pumping function of the heart) in women?
8. Why are young women more likely than men to die after a heart attack or after surgical
revascularization procedure?
9. How do psychosocial factors affect cardiovascular disease in women?
10. What biological variables are most influential in the development and clinical outcomes of heart
disease and what can be done to reduce mortality rates in women?
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RECOMMENDATIONS

Despite the large number of women dying from CVD each year, women are underrepresented in cardiovascular clinical trials. Only one-third of cardiovascular clinical trials report sex-specific results,
despite Food and Drug Administration regulations requiring sex stratification. This makes it difficult
for researchers and clinicians to draw accurate conclusions about benefits or risks for women for a
particular drug or device. Women are more likely than men to have delayed diagnosis and treatment
due to heart attack symptoms that are overlooked or unrecognized. Women also are less likely than
men to receive cardiovascular diagnostic tests and are less often prescribed life-saving therapy with
aspirin, beta blockers, or statins.
More sex specific research and policies that increase access to affordable, high quality care for
women will make a significant contribution to women’s heart health. Changes must also be made to
improve clinical training programs and continuing education so that clinicians recognize sex-specific
symptoms of heart disease and use evidence-based cardiovascular guidelines in the treatment of
women. The following recommendations are derived from the ten questions presented in this report.

Science

The biological determinants of the sex-based disparity in the presentation, course and outcome of
CVD have to be further studied.
Sex-specific predictive tests and tools for the early detection of CVD have to be developed and/or
refined.
The link between reproductive history (e.g., pregnancy, pregnancy complications) and CVD has to
be further explored.
Sex-differences in the psychosocial risk factors for the onset and course of CVD have to be studied.

Policy

The proportion of funding by the National Institutes of Health for heart disease and stroke research
should be increased to more accurately reflect the impact of heart disease and stroke on morbidity
and mortality rates in the United States.
Funding for the National Heart, Lung and Blood Institute should be increased and research dollars
should be specifically targeted to minimize the burden of cardiovascular disease in women.
Congress should pass the HEART for Women Act, which requires GAO to conduct a study investigating compliance with the Food and Drug Administration requirements for presentation of clinical study
safety and effectiveness data by sex, age, and racial subgroup, extends the WISEWOMAN program, and
requires the DHHS to prepare and submit to the Congress a report on women with heart disease.
Comparative effectiveness trials should be funded to determine the most effective diagnostic tests
and treatments of CVD in women.
Funding agencies need to include the study of female animals where appropriate as a requisite for
scientific excellence.

Education

Federal officials, industry experts, health care providers, and clinical researchers should increase
efforts to ensure that all women are advised of their risk of heart disease and of clinical trials on
cardiovascular disease, and that data are analyzed and reported by sex.
Efforts should be made to design and disseminate appropriate educational tools for health care
professionals and consumers, regarding the sex-specific differences in the signs and symptoms of
heart disease.
3

1. What factors influence or explain disparities in
cardiovascular disease epidemiology and disease
outcomes between men and women?
Coronary heart disease (CHD), the most common form of cardiovascular disease (CVD), is caused by accumulation of plaque in the walls of the arteries, narrowing the vessels that supply blood and oxygen to the heart.
Women and men with CHD present with different symptoms, are often treated differently and have different outcomes. For instance, women are 1.5 times more likely than men to die within the year following a heart attack.
Similarly, women with angina have twice the morbidity and mortality risk as men. Women, and particularly
young women, have twice the morbidity and mortality of men following coronary artery bypass graft surgery,
and twice the incidence of heart failure as men. These disparities are compounded by women of racial and
ethnic minorities having poorer outcomes than Caucasian women2.
Women develop clinical manifestations of CHD about 10 years later than men, and at all ages the prevalence
of coronary disease is lower among women than men3. But despite a lower prevalence of CHD and despite less
obstruction in their coronary arteries, women have higher rates of morbidity and mortality from coronary heart
disease than men2.
Although morbidity and mortality rates are decreasing for both women and men, the decrease in mortality
has been less prominent for women, and mortality has increased in women younger than age 554. Research
suggests this may be due to women’s hesitancy to seek care with known symptoms or not recognizing atypical symptoms. When women do seek care, they are also more likely than men to have substantial heart health
risks, such as hypertension, hyperlipidemia, depression and diabetes5.
Until research can explain these differences, and treatment can be specifically targeted to address these differences, disparities between women and men will remain. Therefore, CHD research should include consideration of sex differences such as the effects of premenopausal sex hormones6; the vasculature, including the
distribution of atherosclerotic lesions; women’s predisposition to bleeding complications7; and disparities in the
delivery of care related either to sex bias or to lack of access to care8.
Most importantly, heart disease and stroke continue to receive disproportionately low funding from the National
Institutes of Health (NIH) compared with other diseases. Despite representing 25 percent of all deaths in the
US, heart disease and stroke receive only four percent of NIH funding. (See figure below.)
		

HEART DISEASE
& STROKE
Still Receive
Disproportionately Low
NIH Funding
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2. What are the best strategies to assess, modify,
and prevent a woman’s risk of heart disease?
Both women and men have heart attacks and stroke, but the standard methods for risk prediction of coronary
heart disease (CHD) have not been as effective in women as in men. Approximately 64 percent of women who
die suddenly of CHD had no previous symptoms9, and traditional risk factors and scores underestimate CHD risk
in women. Therefore, determining efficient and accurate ways to identify CHD risk in women is essential.
The Framingham Risk Score has been used for many years to estimate the risk of healthy individuals having a
cardiac event and the need for prevention strategies10. The traditional risk factors identified by the Framingham
Study include elevated total and low-density lipoprotein cholesterol, low high-density lipoprotein cholesterol, diabetes, hypertension, cigarette smoking, and age. A 10-year estimated risk of total cardiovascular events can be
predicted for a given patient based on these major risk factors. Numerous research studies, however, have shown
that the Framingham Risk Score fails to identify risk in a large number of women. Even up to age 80, more than
three quarters of women are considered “low risk” by the Framingham Risk Score11.
For women suspected of having CHD, diagnostic tests are less accurate than they are in men. Although the
American College of Cardiology and the American Heart Association recommend an exercise ECG as the initial
diagnostic test for CHD12, it is less accurate in detecting CHD in women13.
Many questions remain about how to prevent CHD in women. Aspirin, for example, has been a mainstay of the
primary prevention of CHD for men since publication of the Physicians Health Study in 1988 (conducted on
22,000 predominately white male physicians)14. However, the use of aspirin as a preventive therapy for women
was not studied until the Women’s Health Study (WHS), published in 200515. WHS results showed that aspirin
had no effect on lowering the risk of a heart attack for women; however, it was associated with a decrease in risk
for stroke in women.
Survival and quality of life for women with CHD or at risk of CHD could be greatly improved with advances in the
development of sex-specific diagnostic and preventive strategies and risk assessment methods.

Approximately
64 percent of women who
die suddenly of CHD had
no previous symptoms,
and traditional risk
factors and scores
underestimate
CHD risk in women.
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3. What are the most accurate and effective approaches
to assess and recognize chest pain and other symptoms
suggesting coronary heart disease in women?
The accurate evaluation of women with symptoms of myocardial ischemia (inadequate blood supply to heart
muscle) associated with CHD represents a significant clinical challenge. Angina, defined as chest pain,
pressure, or discomfort of cardiac origin, is the most common symptom of myocardial ischemia. While more
women than men have angina16, women also experience other less typical symptoms of myocardial ischemia
including shortness of breath, malaise, fatigue, and non-chest pain symptoms. This can present a confusing
picture and delay making an accurate diagnosis. For many women this results in numerous and repeated tests
prior to a definitive diagnosis and increased anxiety and depression17.
Although more evidence for the use of cardiac diagnostic testing in women has become available within the
last decade18, there remains little comparative effectiveness research as to the optimal strategy to effectively
diagnose suspected cardiac symptoms in women. The current diagnostic strategy to detect CHD focuses on
detecting obstructions (plaque) in the coronary arteries. But women are less likely to have obstructive lesions
and may instead have symptoms provoked by vascular dysfunction or atherosclerotic changes that do not
obstruct blood flow1.
Therefore, the optimal diagnostic test is one that can identify myocardial ischemia and the etiology of symptoms
even for women with non-obstructive coronary artery disease. Stress myocardial perfusion (SPECT), stress
positron emission tomography (PET), stress echocardiography, stress cardiovascular magnetic resonance
(CMR) imaging and coronary computed tomographic angiography (CCTA) are imaging techniques that have
shown evidence or promise to help provide an accurate diagnosis, assess the extent and severity of the burden of
atherosclerotic plaque and myocardial ischemia, or provide definitive information for the prognosis for women
suspected of having CHD17. Each of these modalities has known strengths and limitations, such as ionizing
radiation exposure in SPECT and CCTA, but the lack of sex-specific data means that we do not know which of
these or other tests are the most appropriate, safe and effective for women19.
Comparative effectiveness research is needed to determine the most efficient and accurate modalities for the
detection of CHD and etiology of symptoms in women. With this knowledge, targeted diagnostic plans could
diagnose ischemia and minimize radiation.
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4. What role does a woman’s reproductive history and
menopausal hormone therapy play in the development
of heart disease?
Hormones present prior to menopause may protect against coronary heart disease and may explain the
approximately 10-year later onset of CHD in women4.
Increases in cardiovascular risk have been reported in women with an above-average number of children,
and women who have disturbances in ovarian function; however, the mechanisms that link the premenopausal
hormonal environment to cardiovascular risk are not well understood 20, 21. The cardiovascular impact of oral
contraceptives is mixed. Oral contraceptives increase a woman’s risk of blood clot formation, but long-term use
may protect against plaque formation22. Oral contraceptives vary by type and dose of estrogen and progestin;
few long term data are available for the newer formulations.
Disorders such as gestational diabetes, hypertension, preeclampsia, or eclampsia that commonly occur
during pregnancy significantly increase the risk of a cardiovascular event later in life. Research into these
complications of pregnancy is needed to improve pregnancy outcomes and guide efforts to improve risk factors
and lower cardiovascular risk after pregnancy.
Cardiovascular risk factors in women increase in the menopausal years. It remains controversial whether these
changes in risk factors are related to chronologic aging, changes in the hormonal environment, or both 23.
Menopausal hormone therapy had been widely used in an attempt to restore the hormonal environment to
the pre-menopausal state not only to treat menopausal symptoms, but also to “turn back the clock” regarding
cardiovascular risk24. Clinical trials to date have not shown that hormone therapy offers protection from
cardiovascular events, and in fact, they have shown potential harm in older women 25.
Many unanswered questions regarding potential benefits and risks of menopausal hormonal treatment
specifically relating to CVD remain. The type, timing, dosage, route of administration, and duration of therapy
are important considerations, as are the potential differences among subgroups of women. All women would
benefit from a better understanding of the associations between reproductive hormones, cardiovascular health,
and hormone therapy risks and guidance regarding appropriate actions to take to protect their heart health.

Disorders such as gestational
diabetes, hypertension,
preeclampsia, or eclampsia
that commonly occur during
pregnancy significantly
increase the risk of a
cardiovascular event
later in life.
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5. What are the risk factors for cardiovascular
disorders associated with pregnancy and
how are they best treated?
Cardiovascular disorders associated with pregnancy are common. One in five women in the United States has
gestational diabetes, hypertension, preeclampsia, or eclampsia during at least one pregnancy. With the increases
in maternal age, obesity and diabetes, the number of women at risk for these disorders during pregnancy
will continue to rise. Most women and many healthcare providers are unaware that these disorders during
pregnancy significantly increase the risk of a cardiovascular event later in life26, 27.
Pregnancy is a time of dramatic change in a woman and in many respects mimics an early cardio metabolic
“stress test”28. Accommodations for the growing fetus increase the size and number of blood vessels; create
changes in blood volume, heart size and pumping capacity; and increase the vulnerability of blood vessels to
injury29. Preexisting or previously undiagnosed congenital cardiovascular conditions, such as arrhythmias,
valve and muscle abnormalities may first become apparent during the cardiovascular demands of pregnancy28,30.
Pregnancy is an especially vulnerable time for women with conditions such as auto-immune and clotting
disorders that may also affect the heart.
Several cardiovascular disorders are unique to or predominantly affect women during pregnancy or during the
peripartum period. These include spontaneous dissection of the aorta or coronary arteries; and peripartum
cardiomyopathy31, a poorly understood condition where the heart’s ability to pump blood is compromised in the
late stages of pregnancy or shortly after delivery. These conditions often occur suddenly and catastrophically,
threatening the lives of both mother and child.
Health care providers face a critical knowledge gap regarding optimal care of both mother and child when
cardiovascular disease complicates pregnancy. This is because reproductive potential and pregnancy are often
considered absolute exclusion criteria for participation in cardiovascular clinical trials. Even the best practice
for resuscitation of a woman presenting with sudden cardiac arrest in late pregnancy is unknown32. Health
practitioners often perform diagnostic and therapeutic interventions on these two vulnerable patients, with little
or no scientific evidence to support their decisions33.
Increased funding to address cardiovascular complications in pregnancy would:
Promote the development of better methods (e.g., genetic test, bio-markers) to predict at-risk women
and prevent complications earlier and more effectively;
Expand the knowledge of how to lower a woman’s cardiovascular risk during pregnancy
without placing the fetus at risk, and throughout her life;
Include pregnancy complications in risk scoring for women;
Encourage the use of multi-center and multi-ethnic registries to better understand
how treating the mother impacts the child’s future health;
Optimally treat the rare, but often fatal complications of pregnancy such as heart attack, stroke, arterial
dissection and cardiac arrest;
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Provide valuable insights into the physiology of blood vessel growth during pregnancy
and its potential for restoring blood flow to affected organs after heart attack or stroke.

6. What is the best method for studying sex differences
in vascular injury so that cardiovascular repair
therapies may be improved?
There are fundamental biological differences in the blood vessels of females and males that contribute to
differences in how cardiovascular diseases develop, progress and respond to treatment. Recommendations put
forward in 2001 by the Institute of Medicine stated that results from studies in the basic sciences could not be
translated to improving human health without attention to the sex, hormonal status, and age of the laboratory
animals – including their cells or tissues - used in the experiments34.
There remains a lack of information regarding basic physiological processes affecting the function of blood
vessels in female animals. The three areas of research with the highest potential to impact women’s health are
studies in physiology, pharmacology, and endocrinology. A survey of scientific articles published in 2009 found
that 60 percent of studies in these three areas used only male animals35. Sex differences must be considered in
all phases of research, and the priorities of funding agencies have to include the study of female animals as a
requisite for scientific excellence36.
Researchers’ efforts must be directed toward understanding the basic biology of sex differences in the functions
of blood vessels and the heart to reduce disparities in CVD outcomes. When these basic sex differences in the
function and response of blood vessels and heart tissue are better understood, effective, personalized, sex
specific therapies can be targeted to reduce disparities in CVD outcomes between women and men.

Researchers’ efforts must be
directed toward understanding the basic biology of sex
differences in the functions
of blood vessels and the
heart to reduce disparities
in CVD outcomes.
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7. What are the most effective treatments for
diastolic heart failure (heart failure with preserved
pumping function of the heart) in women?
Diastolic heart failure is the accumulation of fluid in the body caused by stiffening of the heart. When the heart
does not relax fully, the cavity inside the heart remains small and is unable to fill with the amount of blood
needed to circulate around the body. Patients feel short of breath and may complain of chest pain, leg swelling,
and the need for extra pillows to breathe at night. Their symptoms and signs are similar to patients with systolic
heart failure caused by a weakened heart37 (often referred to as heart failure with impaired systolic function)
and their prognosis is poor.37, 38 In fact the morbidity and mortality caused by diastolic heart failure (often
referred to as heart failure with preserved systolic function) is very similar to systolic heart failure and together
the estimated health care cost is over 39 billion dollars in the United States for 20104.
Identifying the most effective treatment for diastolic heart failure remains an important question given the
predominance of women with diastolic heart failure39, lack of specific therapies 40-42, and high morbidity and
mortality associated with this problem37, 38.
Treatment for diastolic heart failure remains limited and few drugs have been shown to be beneficial based on
randomized clinical studies42. Contrast this with systolic heart failure which affects more men than women and
has numerous effective therapies that improve morbidity and mortality43. This likely explains why survival has
improved and hospitalizations have declined for systolic heart failure patients over the last fifteen years and the
prognosis of patients with diastolic heart failure has not changed. The paucity of research has been attributed
to a lack of consensus on who to enroll in diastolic heart failure studies, since no one diagnostic study defines
the disease. This was a barrier previously, whereas there is now growing consensus regarding diagnostic criteria44 and recommendations have been published on how to proceed with clinical trials45.
If funds were available to pursue the most effective treatments for diastolic heart failure, a disease which mostly
affects women, research in this field potentially could impact survival, quality of life and reduce hospitalizations
for all patients with this deadly disease.

Identifying the most
effective treatment for
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with this problem37, 38.
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8. Why are young women more likely than men to die
after a heart attack and surgical revascularization?
Coronary heart disease (CHD), a disorder linked to narrowed coronary arteries, may lead to myocardial infarction, commonly known as a “heart attack” Because CHD occurs earlier in men than women, much of the early
research exclusively, or disproportionately, enrolled male patients. This fostered a perception that coronary
heart disease is a “man’s disease” and likely contributed to inequalities in access to care or suboptimal care for
at-risk women.
Although knowledge of sex-specific differences has improved, women under the age of 50 are still three times
more likely than men to die after a heart attack or coronary artery bypass graft (CABG) surgery5, 46. Women’s
higher mortality rate may be due to increased risk factors such as older age, hypertension, diabetes, heart failure, anemia, autoimmune disorders, and high cholesterol, as well as increased susceptibility to complications
during and after surgical revascularization procedures.
Another potential explanation for women’s poorer outcomes is the differences in vascular structure and function. The very tiniest of blood vessels – the microvasculature – may play a greater role in supplying blood to the
heart and are more likely to be dysfunctional in women than men5, 47, 48. Other factors include atypical symptoms
in women, which often go unrecognized by the patient and the physician5, 47, 48. Hormonal changes cause “positive remodeling” of the blood vessel walls so that plaque may accumulate for a period of time without symptoms,
leading to a late diagnosis47, 48, and differences in intensity of appropriate medical care.
Women are significantly less likely to receive pharmaceutical and procedural therapies such as fibrinolytic
therapy (clot busters) or stents compared to men when presenting with myocardial infarction47, 48.
Important next steps to improving the detection, assessment and treatment of CHD in women, and particularly in
younger women, include a better understanding of sex differences in all aspects of CVD including the microvasculature symptoms, risk factors, the role of sex hormones and the contributors to delayed diagnosis and
treatment of coronary heart disease in women47, 48.
Findings from these studies will provide a better understanding of why younger women are more likely to die
from myocardial infarction and CABG procedures, and should lead to better outcomes for women.
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9. How do psychosocial factors affect
cardiovascular disease in women?
Psychosocial factors such as depression, anxiety, inadequate social and economic resources, caregiver stress,
marital stress, and adversities early in life are highly prevalent in women, and have been linked to adverse
cardiovascular outcomes49-52. Research demonstrates that psychosocial factors affect women differently than
men. For example, while marriage largely reduces cardiovascular risk in men, the stress of marriage increases
cardiovascular risk in women50, 53.
Although major coronary disease events in women tend to occur later in life than in men, women who have
clinical events at a younger age have a worse prognosis than men54. Psychosocial factors may play a role in
this context since they are more common in women, particularly in younger women, than in men55. Further
research is necessary to show whether differences in the effects of psychosocial factors contribute to sex-related
disparities in cardiovascular morbidity and mortality.
Psychosocial risk factors have also been linked to behaviors that have a negative impact on cardiovascular
health, such as non-adherence to treatment recommendations, lower levels of physical activity, unhealthy
dietary habits, and tobacco use56, 57. Unfortunately, effective intervention methods to counteract women’s
psychological stress have not been demonstrated, and recent randomized behavioral interventional trials have
failed to yield cardiovascular benefits in women58. Limited literature suggests that women with coronary heart
disease respond less well to standard psychological treatments such as cognitive-behavioral therapy, and that
management of psychosocial risk factors should be tailored to the individual woman59.
Studies are needed to better understand the role of psychosocial risk factors in women, how to manage these
risk factors, and how psychosocial risk factors impact the onset and outcome of heart disease. Further
research is needed to assess how psychosocial risk factors impact women with cardiovascular disease versus
men. More research on effective interventions for women could lead to a delayed onset of heart disease,
improved survival rates and enhanced quality of life.

Although major coronary
disease events in women tend
to occur later in life than in
men, women who have clinical
events at a younger age have a
worse prognosis than men.
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10. What biological variables are most influential in the
development of heart disease and can they be used to
reduce mortality rates?
Given that approximately 64 percent of women who died suddenly of CHD had no previous symptoms4 and
that traditional risk factors and scores underestimate CHD risk in women, there is a need to identify unique
markers for women at risk for CHD60.
Early detection and correction of such variables as elevated cholesterol, hypertension, diabetes and cigarette
smoking, can reduce atherosclerosis (the main cause of CHD) and improve outcomes. These are modifiable
to some extent with changes in lifestyle, improved diet, exercise and smoking cessation. Psychosocial risk
factors, such as low socioeconomic status, anxiety, and depression have also been linked to CHD and should be
evaluated.
There are also biomarkers, biomediators, neurohormones, and surrogate markers which can signal CHD.
Some of these can be modified, including
neurohormones which are part of the renin-angiotensin-aldosterone system that directly impact angiotensin
II and arginine vasopressin1, 61, 62
markers of the inflammatory processes such as C-reactive protein which may be a useful predictor of CVD
and correlates significantly with future risk of developing hypertension63, 64
markers of heart failure such as B-type natriuretic peptide
Surrogate markers of atherosclerosis and CHD risk include left ventricular hypertrophy, intima-media arterial
wall thickness, proteinuria and microalbuminuria, endothelial dysfunction, coronary calcification and
anemia1, 62. Research shows that a variety of treatments – from lifestyle/behavioral changes, medications, and
interventional treatments – can interrupt the progression of CHD. Further research is needed to demonstrate
whether lifestyle and behavioral changes in women with known or suspected CHD can improve prognosis.
Innovative approaches to care management that encourage changes in lifestyle should be considered. These
include customized care management and the use of multidisciplinary teams of health practitioners who
coordinate care for women at risk. Further research is needed to determine whether reducing or minimizing
the novel biomarkers associated with CHD will result in lower mortality rates.
In the future, a genetic assessment of a woman’s individual’s risk for the development of CHD may be possible
and may guide lifestyle modification prescription and the choice and dosage of select pharmaceuticals. Further
research into the biological variables that influence the development and outcomes of CHD will benefit the
clinical course of all patients.
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Glossary
Angina - a type of chest pain or discomfort caused by reduced blood flow to the heart muscle.
Atherogenesis - the process of forming atherosclerotic plaque.
Atherosclerotic (Atherosclerosis) – refers to the build up of plaque, the accumulation of dead cells, cell
debris, cholesterol, fatty acids, and calcium in a blood vessel wall which can progress to obstruct blood flow, or
break off and cause obstructions in smaller vessels.
Cardiovascular Disease (CVD) - an umbrella term referring to diseases of the heart or blood vessels,
including: hypertension, coronary heart disease, stroke, and heart failure.
Coronary Artery Bypass Graft (CABG) Surgery - a surgical procedure in which blood is redirected around
a blockage in a coronary artery via an artery or vein grafted from another part of the body. This improves the
blood flow to the heart and can relieve symptoms.
Coronary Calcification - refers to the bone-like mineralization of atherosclerotic plaque in the walls of the
coronary arteries. Its presence indicates increased risk of heart attack.
Coronary Heart Disease (CHD) - also referred to as coronary artery or ischemic heart disease, is the most
common form of cardiovascular disease, a narrowing of the arteries supplying blood to the heart as a result of
the accumulation of atherosclerotic plaque in arterial walls.
Diastolic Heart Failure – a condition in which the heart does not pump enough blood to meet the body’s
needs due to its inability to properly relax or fill with blood between contractions. Generally, systolic function
(contraction) is maintained.
Dyslipidemia – abnormal blood lipid levels.
Endothelial Dysfunction - a dysfunction of the lining of the blood vessels. The endothelium maintains arterial
health and controls blood flow.
Heart Failure - a condition in which the heart can no longer adequately pump blood to the rest of the body,
associated with fluid accumulation in the feet, legs, lungs, and other areas of the body.
Hypertension - sustained, chronic high blood pressure, defined by the American Heart Association as > 140
mmHg/90 mmHg.
Intima-Media Wall Thickness - a measurement of the thickness of the arterial wall that is used to determine
the extent of atherosclerotic plaque accumulation.
Ischemic Heart Disease (myocardial ischemia) - a condition in which there is reduced blood supply to the
heart muscle, most commonly associated with chest pain, pressure, or discomfort, and commonly presents as
angina or myocardial infarction.
Left Ventricular Hypertrophy - a thickening of the muscular walls of the left ventricle, the heart’s main
pumping chamber.
Menopause - occurs when estrogen and progesterone levels decrease, causing the cessation of the menstrual
cycle. A woman is considered to have reached menopause when she has not menstruated for 12 months or when
the ovaries have been surgically removed.
Microvasculature - the smallest blood vessels in the body, including the capillaries, arterioles, and venules.
Morbidity - disability or complications resulting from a disease.
Mortality – death resulting from a disease.
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Myocardial Infarction (MI) - commonly referred to as heart attack, myocardial infarction is permanent
damage to heart muscle due to absent or severely reduced blood supply to the heart, usually resulting from
atherosclerotic plaque accumulation and clot formation in the coronary arteries.

Oral Contraceptives - more commonly referred to as birth control pills, oral contraceptives are hormonal
medications taken by mouth for the prevention of pregnancy.
Positive Remodeling - an expansion of the external elastic membrane, one of the many layers of the walls of
arteries, at the site of atherosclerotic plaque accumulation. This expansion allows the diameter of the blood
vessel lumen to remain the same as plaque accumulates in the wall of the artery.
Proteinuria - a high level of protein in the urine, indicative of kidney disease.
Psychosocial Factors - Components of health related to psychological or social well-being such as:
depression, anxiety, educational attainment, social and economic resources.
Renin-Angiotensin-Aldosterone System - a hormonal cascade that regulates blood pressure by controlling
water and electrolyte balance.
Revascularization Procedures – procedures designed to improve blood flow to the heart. The most
common are percutaneous coronary artery balloon angioplasty with or without stenting and coronary artery
bypass surgery.
Surrogate Markers – indirect evidence of a disease or condition. Surrogate markers are measured instead of
the actual disease when the disease or condition itself may be difficult to detect or measure.
Systolic Heart Failure - a condition in which the heart does not pump enough blood to meet the body’s needs
due to its inability to contract vigorously enough.
Vascular Injury - damage to vessel walls caused by factors such as hypertension, diabetes, and oxidative
stress. This damage can lead to the formation of atherosclerotic plaque or abnormal blood vessel constriction.

References
1. Dzau VJ, Antman EM, Black HR, Hayes DL, Manson JE, Plutzky J, Popma JJ, Stevenson W. The cardiovascular disease continuum
validated: Clinical evidence of improved patient outcomes: Part ii: Clinical trial evidence (acute coronary syndromes through
renal disease) and future directions. Circulation. 2006;114:2871-2891
2. Pepine CJ. Ischemic heart disease in women: Facts and wishful thinking. J Am Coll Cardiol. 2004;43:1727-1730
3. Abraham D, Clive H, Dashwood M, Coghlan G. Advances in vascular medicine. London: Springer-Verlag London Limited; 2010.
4. Heart disease and stroke statistics-2011 update: A report from the american heart association. Http://circ.Ahajournals.Org/cgi/
content/full/123/4/e18 last accessed on 4/30/11.
5. Dullum MK, Dullum MK. Confusion in revascularization: Are women different and why? Cardiol Rev. 2008;16:30-35
6. Pepine CJ, Nichols WW, Pauly DF. Estrogen and different aspects of vascular disease in women and men. Circ Res. 2006;99:459461
7. Jacobs AK. Women, ischemic heart disease, revascularization, and the gender gap: What are we missing? J Am Coll Cardiol.
2006;47:S63-65
8. Pepine CJ, Kerensky RA, Lambert CR, Smith KM, von Mering GO, Sopko G, Bairey Merz CN. Some thoughts on the vasculopathy
of women with ischemic heart disease. J Am Coll Cardiol. 2006;47:S30-35
9. Hurst JW. The heart, arteries and veins. New York: McGraw-Hill, Health Professions Division; 2002.
10. Third report of the national cholesterol education program (ncep) expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults (adult treatment panel iii) final report. Circulation. 2002;106:3143-3421
11. Pasternak RC, Abrams J, Greenland P, Smaha LA, Wilson PW, Houston-Miller N. 34th bethesda conference: Task force #1--identification of coronary heart disease risk: Is there a detection gap? J Am Coll Cardiol. 2003;41:1863-1874
12. Gibbons RJ, Balady GJ, Bricker JT, Chaitman BR, Fletcher GF, Froelicher VF, Mark DB, McCallister BD, Mooss AN, O’Reilly MG,
Winters WL, Jr., Gibbons RJ, Antman EM, Alpert JS, Faxon DP, Fuster V, Gregoratos G, Hiratzka LF, Jacobs AK, Russell RO, Smith SC,
Jr. Acc/aha 2002 guideline update for exercise testing: Summary article: A report of the american college of cardiology/american heart association task force on practice guidelines (committee to update the 1997 exercise testing guidelines). Circulation.
2002;106:1883-1892

15

16

13. Kwok Y, Kim C, Grady D, Segal M, Redberg R. Meta-analysis of exercise testing to detect coronary artery disease in women. Am
J Cardiol. 1999;83:660-666
14. Findings from the aspirin component of the ongoing physicians’ health study. N Engl J Med. 1988;318:262-264
15. Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson JE, Hennekens CH, Buring JE. A randomized trial of low-dose
aspirin in the primary prevention of cardiovascular disease in women. N Engl J Med. 2005;352:1293-1304
16. Hemingway H, Langenberg C, Damant J, Frost C, Pyorala K, Barrett-Connor E. Prevalence of angina in women versus men: A
systematic review and meta-analysis of international variations across 31 countries. Circulation. 2008;117:1526-1536
17. Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart disease: Evolving knowledge. J Am Coll Cardiol. 2009;54:1561-1575
18. Mieres JH, Shaw LJ, Arai A, Budoff MJ, Flamm SD, Hundley WG, Marwick TH, Mosca L, Patel AR, Quinones MA, Redberg RF,
Taubert KA, Taylor AJ, Thomas GS, Wenger NK. Role of noninvasive testing in the clinical evaluation of women with suspected coronary artery disease: Consensus statement from the cardiac imaging committee, council on clinical cardiology, and the cardiovascular imaging and intervention committee, council on cardiovascular radiology and intervention, american heart association.
Circulation. 2005;111:682-696
19. Shaw LJ, Min JK, Narula J, Lin F, Bairey-Merz CN, Callister TQ, Berman DS. Sex differences in mortality associated with
computed tomographic angiographic measurements of obstructive and nonobstructive coronary artery disease: An exploratory
analysis. Circ Cardiovasc Imaging.3:473-481
20. Kaplan JR, Manuck SB. Ovarian dysfunction and the premenopausal origins of coronary heart disease. Menopause.
2008;15:768-776
21. Parikh NI, Cnattingius S, Dickman PW, Mittleman MA, Ludvigsson JF, Ingelsson E. Parity and risk of later-life maternal cardiovascular disease. Am Heart J.159:215-221 e216
22. Shufelt CL, Bairey Merz CN. Contraceptive hormone use and cardiovascular disease. J Am Coll Cardiol. 2009;53:221-231
23. Matthews KA, Crawford SL, Chae CU, Everson-Rose SA, Sowers MF, Sternfeld B, Sutton-Tyrrell K. Are changes in cardiovascular disease risk factors in midlife women due to chronological aging or to the menopausal transition? J Am Coll Cardiol.
2009;54:2366-2373
24. Barrett-Connor E. Hormones and the health of women: Past, present, and future. Keynote address. Menopause. 2002;9:23-31
25. Bittner V. Postmenopausal hormone therapy and the risk of cardiovascular disease. Expert Opin Pharmacother. 2009;10:20412053
26. Garovic VD, Hayman SR. Hypertension in pregnancy: An emerging risk factor for cardiovascular disease. Nat Clin Pract
Nephrol. 2007;3:613-622
27. Hawfield A, Freedman BI. Pre-eclampsia: The pivotal role of the placenta in its pathophysiology and markers for early detection. Ther Adv Cardiovasc Dis. 2009;3:65-73
28. Moghbeli N, Pare E, Webb G. Practical assessment of maternal cardiovascular risk in pregnancy. Congenit Heart Dis.
2008;3:308-316
29. Iung B. The valve patient and pregnancy. Expert Rev Cardiovasc Ther. 2008;6:1249-1258
30. Adamson DL, Nelson-Piercy C. Managing palpitations and arrhythmias during pregnancy. Heart. 2007;93:1630-1636
31. Hilfiker-Kleiner D, Sliwa K, Drexler H. Peripartum cardiomyopathy: Recent insights in its pathophysiology. Trends Cardiovasc
Med. 2008;18:173-179
32. Roth A, Elkayam U. Acute myocardial infarction associated with pregnancy. J Am Coll Cardiol. 2008;52:171-180
33. Swan L, Lupton M, Anthony J, Yentis SM, Steer PJ, Gatzoulis MA. Controversies in pregnancy and congenital heart disease.
Congenit Heart Dis. 2006;1:27-34
34. Wizemann TM, Pardue ML. Exploring the biological contributions to human health:Does sex matter? Institute of medicine
http://www.Iom.Edu/~/media/files/report%20files/2003/exploring-the-biological-contributions-to-human-health-does-sexmatter/doessexmatter8pager.Pdf last accessed on 4/30/11. 2001:.
35. Wald C, Wu C. Biomedical research. Of mice and women: The bias in animal models. Science.327:1571-1572
36. Nieuwenhoven L, Klinge I. Scientific excellence in applying sex- and gender-sensitive methods in biomedical and health
research. J Womens Health (Larchmt).19:313-321
37. Bhatia RS, Tu JV, Lee DS, Austin PC, Fang J, Haouzi A, Gong Y, Liu PP. Outcome of heart failure with preserved ejection fraction
in a population-based study. N Engl J Med. 2006;355:260-269
38. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield MM. Trends in prevalence and outcome of heart failure with
preserved ejection fraction. N Engl J Med. 2006;355:251-259
39. Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow GC. Clinical presentation, management, and in-hospital outcomes
of patients admitted with acute decompensated heart failure with preserved systolic function: A report from the acute decompensated heart failure national registry (adhere) database. J Am Coll Cardiol. 2006;47:76-84
40. Executive summary: Hfsa 2006 comprehensive heart failure practice guideline. J Card Fail. 2006;12:10-38
41. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, Jessup M, Konstam MA, Mancini DM, Michl K, Oates
JA, Rahko PS, Silver MA, Stevenson LW, Yancy CW. 2009 focused update incorporated into the acc/aha 2005 guidelines for the

diagnosis and management of heart failure in adults a report of the american college of cardiology foundation/american heart association task force on practice guidelines developed in collaboration with the international society for heart and lung transplantation. J Am Coll Cardiol. 2009;53:e1-e90
42. Paulus WJ, van Ballegoij JJ. Treatment of heart failure with normal ejection fraction: An inconvenient truth! J Am Coll Cardiol.55:526-537
43. Hsich EM, Pina IL. Heart failure in women: A need for prospective data. J Am Coll Cardiol. 2009;54:491-498
44. Paulus WJ, Tschope C, Sanderson JE, Rusconi C, Flachskampf FA, Rademakers FE, Marino P, Smiseth OA, De Keulenaer G, LeiteMoreira AF, Borbely A, Edes I, Handoko ML, Heymans S, Pezzali N, Pieske B, Dickstein K, Fraser AG, Brutsaert DL. How to diagnose
diastolic heart failure: A consensus statement on the diagnosis of heart failure with normal left ventricular ejection fraction by the
heart failure and echocardiography associations of the european society of cardiology. Eur Heart J. 2007;28:2539-2550
45. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, Waggoner AD, Flachskampf FA, Pellikka PA, Evangelista A. Recommendations for the evaluation of left ventricular diastolic function by echocardiography. J Am Soc Echocardiogr.
2009;22:107-133
46. Wenger NK. You’ve come a long way, baby: Cardiovascular health and disease in women: Problems and prospects. Circulation.
2004;109:558-560
47. Bairey Merz CN, Shaw LJ, Reis SE, Bittner V, Kelsey SF, Olson M, Johnson BD, Pepine CJ, Mankad S, Sharaf BL, Rogers WJ, Pohost
GM, Lerman A, Quyyumi AA, Sopko G. Insights from the nhlbi-sponsored women’s ischemia syndrome evaluation (wise) study: Part
ii: Gender differences in presentation, diagnosis, and outcome with regard to gender-based pathophysiology of atherosclerosis and
macrovascular and microvascular coronary disease. J Am Coll Cardiol. 2006;47:S21-29
48. Jneid H, Fonarow GC, Cannon CP, Hernandez AF, Palacios IF, Maree AO, Wells Q, Bozkurt B, Labresh KA, Liang L, Hong Y, Newby
LK, Fletcher G, Peterson E, Wexler L. Sex differences in medical care and early death after acute myocardial infarction. Circulation.
2008;118:2803-2810
49. Dong M, Giles WH, Felitti VJ, Dube SR, Williams JE, Chapman DP, Anda RF. Insights into causal pathways for ischemic heart
disease: Adverse childhood experiences study. Circulation. 2004;110:1761-1766
50. Orth-Gomer K, Wamala SP, Horsten M, Schenck-Gustafsson K, Schneiderman N, Mittleman MA. Marital stress worsens prognosis in women with coronary heart disease: The stockholm female coronary risk study. Jama. 2000;284:3008-3014
51. Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid M, Almahmeed WA, Blackett KN, Sitthi-amorn C, Sato H, Yusuf S. Association of psychosocial risk factors with risk of acute myocardial infarction in 11119 cases and 13648 controls from 52 countries (the
interheart study): Case-control study. Lancet. 2004;364:953-962
52. Rozanski A, Blumenthal JA, Davidson KW, Saab PG, Kubzansky L. The epidemiology, pathophysiology, and management of
psychosocial risk factors in cardiac practice: The emerging field of behavioral cardiology. J Am Coll Cardiol. 2005;45:637-651
53. Eaker ED, Sullivan LM, Kelly-Hayes M, D’Agostino RB, Sr., Benjamin EJ. Marital status, marital strain, and risk of coronary
heart disease or total mortality: The framingham offspring study. Psychosom Med. 2007;69:509-513
54. Vaccarino V, Parsons L, Peterson ED, Rogers WJ, Kiefe CI, Canto J. Sex differences in mortality after acute myocardial infarction: Changes from 1994 to 2006. Arch Intern Med. 2009;169:1767-1774
55. Mallik S, Spertus JA, Reid KJ, Krumholz HM, Rumsfeld JS, Weintraub WS, Agarwal P, Santra M, Bidyasar S, Lichtman JH, Wenger
NK, Vaccarino V. Depressive symptoms after acute myocardial infarction: Evidence for highest rates in younger women. Arch Intern
Med. 2006;166:876-883
56. DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk factor for noncompliance with medical treatment: Meta-analysis of
the effects of anxiety and depression on patient adherence. Arch Intern Med. 2000;160:2101-2107
57. DiMatteo MR. Social support and patient adherence to medical treatment: A meta-analysis. Health Psychol. 2004;23:207-218
58. Linden W, Phillips MJ, Leclerc J. Psychological treatment of cardiac patients: A meta-analysis. Eur Heart J. 2007;28:2972-2984
59. Orth-Gomer K, Schneiderman N, Wang HX, Walldin C, Blom M, Jernberg T. Stress reduction prolongs life in women with
coronary disease: The stockholm women’s intervention trial for coronary heart disease (switchd). Circ Cardiovasc Qual Outcomes.
2009;2:25-32
60. Michos ED, Nasir K, Braunstein JB, Rumberger JA, Budoff MJ, Post WS, Blumenthal RS. Framingham risk equation underestimates subclinical atherosclerosis risk in asymptomatic women. Atherosclerosis. 2006;184:201-206
61. Dzau V. The cardiovascular continuum and renin-angiotensin-aldosterone system blockade. J Hypertens Suppl. 2005;23:S9-17
62. Dzau VJ, Antman EM, Black HR, Hayes DL, Manson JE, Plutzky J, Popma JJ, Stevenson W. The cardiovascular disease continuum
validated: Clinical evidence of improved patient outcomes: Part i: Pathophysiology and clinical trial evidence (risk factors through
stable coronary artery disease). Circulation. 2006;114:2850-2870
63. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic syndrome, and risk of incident cardiovascular
events: An 8-year follow-up of 14 719 initially healthy american women. Circulation. 2003;107:391-397
64. Sesso HD, Buring JE, Rifai N, Blake GJ, Gaziano JM, Ridker PM. C-reactive protein and the risk of developing hypertension.
Jama. 2003;290:2945-2951

17

Supported by grants from:

Boehringer Ingelheim Pharmaceuticals, Inc.
Vanguard Charitable Endowment on behalf of Edwards Lifesciences

Acknowledgements

On behalf of the Society for Women’s Health Research and
WomenHeart: The National Coalition for Women with Heart Disease
we extend our sincere thanks to the following individuals who have contributed to
The 2011 10Q Report: Advancing Women’s Heart Health Through Improved Research, Diagnosis and Treatment
Noel Bairey Merz, MD, Cedars-Sinai Medical Center; Vera Bittner, MD, MSPH, University of Alabama at Birmingham; Susan
Campbell, MPH, WomenHeart; Christine L. Carter, Phd, MPH, SWHR; Lisa Clough, WomenHeart;
Pamela Douglas, MD, Duke University; Julie Gibbons, Society for Women’s Health Research (SWHR);
Sharonne N. Hayes, MD, Mayo Clinic; Lauren Hill, SWHR; Eileen Hsich MD, Cleveland Clinic, Case Western Reserve University;
Nora Ianni, SWHR: Elizabeth Jackson, MD, Tufts University; Monica Mallampalli, PhD, SWHR;
Gwendolyn Mayes, JD, MMSc, WomenHeart Champion; Jennifer H. Mieres, MD, New York University School of Medicine;
Virginia M. Miller, PhD, Mayo Clinic; L. Kristen, Newby, MD, Duke University; Martha Nolan, J.D., SWHR;
Patricia Peyser, PhD, University of Michigan; Jane Reckelhoff, PhD, University of Mississippi Medical Center;
Eileen Resnick, PhD, SWHR; Kathryn Rexrode, MD, MPH, Brigham and Women’s Hospital, Harvard Medical School; Howard
Sesso, ScD, Brigham and Women’s Hospital, Harvard Medical School; Leslee Shaw, PhD, Emory University; Viviana Simon, PhD,
SWHR; Viola Vaccarino, MD, PhD, Emory University; Karol Watson, MD, University of California,
Los Angeles; and Nanette K. Wenger, MD, Emory University.

Design compliments of Cheryl Dapsauski, Concept C Marketing + Design
Printing compliments of Chroma Graphics

© 2011 WomenHeart: The National Coalition for Women with Heart Disease and The Society for Women’s Health Research

