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he Institute of Medicine has defined sex as “the clas-

sification of living things, generally as male or female
according to their reproductive organs and functions assigned
by the chromosomal complement.””! The term sex means
biological differences between women and men, including
chromosomes, sex organs, and hormonal contributions.> Sex
differences result from true biological differences in the struc-
ture and function of the cardiovascular systems of men and
women. In contrast, gender differences ensue from a person’s
self-representation, resulting in psychosocial roles and behav-
iors imposed by society;.gender implies social roles, behav-
iors, and cultural norms.

Gender differences play a role in-the‘treatment of ‘cardio-
vascular disease (CVD) and affect outcomes, but they are very
different from sex differences that arise from the genetic dif-
ferences between men and women. Sex differences are a result
of a single chromosomal difference between men (XY) and
women (XX). Gender, however, is a social construct that dif-
ferentiates men from women in a society as they assume their
social roles. Gender develops on the basis of cultural norms
and is articulated through values, perceptions, psychosocial
characteristics, and behaviors."** Sex- and gender-specific
science addresses how experiences of the same disease, for

example, ischemic heart disease (IHD), are similar and dif-
ferent with respect to biological sex and gender. For instance,
women tend to have smaller coronary arteries than men, and
women have less obstructive IHD than men.>” However, gen-
der differences, which are influenced by ethnicity, culture, and
socioeconomic environment, are intimately involved in risk
factors and risk behaviors (eg, psychosocial risk factors, phys-
ical inactivity [PI], cardiac rehabilitation participation, obe-
sity, and tobacco use) that play a far greater role in outcomes
among women with IHD than biological sex differences,
given that 80% of heart disease is preventable. These differ-
ences affect the mechanism and expression of CVD between
the sexes. Sex differences in the-cardiovascular system are
summarized in Table 1.

During the past 2 decades, we have learned that sex differ-
ences exist in the pathophysiology of coronary heart disease,
symptom presentation, efficacy of diagnostic tests, response
to pharmacological interventions, and clinical outcomes of
IHD. We have also learned that gender variations exist, such
as delay in seeking treatment, which may also contribute to
differences in clinical outcomes and mortality rates. Several
milestones have contributed to the progress that has been made
thus far (Table 2). These important milestones are instrumental
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Table 1. Sex-Related Differences in the Cardiovascular
System

Table 2. Milestones in Sex and Gender Differences
in Research

Parameter Manifestations

Dimensions that are smaller in women
(adjust for age and race): left ventricular
mass, ventricular wall thickness, left atrial
dimension, left ventricular end-diastolic
dimension, and vessel size

Anatomy

Hormonal influences Estrogen and progesterone are most
influential in women; testosterone is

predominant in men

Menstruation can affect hematologic and
electrocardiographic indexes

Cardiovascular function Stroke volume is women is 10% less

Pulse rate in women is 3-5 bpm faster

Ejection fraction is higher in women

Physiology Women have reduced sympathetic and

enhanced parasympathetic activity

Women have lower plasma concentrations of
norepinephrine

Cardiovascular
adaptations

In response to stress, women experience an
increased pulse rate, resulting in increased
cardiac output; men have increased vascular
resistance, resulting in increased BP

Women are more sensitive to altitude or body
positioning changes and experience more
orthostatic hypotension and syncope

Hematologic indexes Women have a lower number of circulating
red blood cells per unit volume of plasma

(resulting in a lower hematocrit)

Because of a lower hemoglobin, women have
a lower oxygen-carrying capacity; this is
balanced by women having a lower oxygen
consumption

Electrocardiographic Women on average have a longer corrected
and electrophysiological QT interval and a shorter sinus node recovery
indexes time

Drug-induced torsades de pointes is more
common in women

Sudden cardiac death and atrial fibrillation
are less common in women

BP indicates blood pressure. Reprinted with permission from Finks S.
Cardiovascular Disease in Women. In Richardson M, Chant C, Cheng JWM,
et al, eds. Pharmacotherapy Self-Assessment Program, ed 7 (PSAP-VII).
Book 1 (Cardiology). Lenexa, KS: American College of Clinical Pharmacy,
2010;182.8 Copyright © 2010, American College of Clinical Pharmacy.

in laying the foundation for evidence-based interventions to
decrease the IHD burden in women to promote their cardio-
vascular health. However, this knowledge has accumulated
slowly and often in isolation, resulting in women continuing
to experience difficulty in receiving a diagnosis of IHD and
timely appropriate treatment. This document presents a thor-
ough compilation of the most current research related to IHD
in women. Importantly, it focuses on studies that document
women’s experiences and influential factors that affect their
receiving a correct diagnosis and timely treatment for IHD. In
this article, IHD is inclusive of coronary heart disease.

1985 Public Health Service Task Force on Women’s Health was
established. Recommendations for a greater focus on women’s
health issues led to guidelines for inclusion of women in NIH-
funded extramural research (http://www.ncbi.nim.nih.gov/pmc/
articles/PMC1424718)/).

1990 The NIH created the Office of Research on Women’s Health

to ensure that women’s health issues were appropriately
addressed and that women were represented in NIH-supported
research (http://orwh.od.nih.gov/about/AMIssion.asp).

1993 The NIH Revitalization Act included a Clinical Equity Provision
to confirm that treatment effectiveness for women is not
merely extrapolated from studies in men but instead is based
on research in women (http://orwh.od.nih.gov/about/pdf/NIH-
Revitalization-Act-1993.pdf).

2001 The Institute of Medicine report “Exploring the Biological
Contributions to Human Health: Does Sex Matter?” states

that sex is a key biological variable that must be considered
when designing and analyzing both basic and clinical research
(http://www.iom.edu/Reports/2001/Exploring-the-Biological-
Contributions-to-Human-Health-Does-Sex-Matter.aspx).

NIH indicates National Institutes of Health.

Methods

Writing group members were nominated by the commit-
tee chair and co-chair on the basis of their previous work
in relevant topic areas and were approved by the American
Heart Association (AHA) Cardiovascular and Stroke Nursing
Council’s Leadership Committee and the AHA’s Manuscript
Oversight Committee. The ‘writers .seatched PubMed and
Medline searches using the search terms listed in Table 3.
We searched primarily literature from 2000 to 2015 but
included earlier seminal studies as appropriate. All members
of the writing group had the opportunity to comment on and
approved the final version of this document. The document
underwent extensive external peer review and approval by the
AHA Science Advisory and Coordinating Committee.

Table 3. Search Terms

1. Chest pain OR myocardial infarction OR angina OR myocardial
ischemia OR heart attack OR heart infarction OR heart muscle ischemia
OR ischemic heart disease OR cardiovascular disease OR coronary
heart disease OR coronary artery disease OR acute coronary syndrome

2. Women OR woman OR gender OR sex OR sex factors OR female
OR sex difference

3. Time-to-treatment OR delay OR delayed OR time OR early diagnosis
OR emergency medical services OR delayed diagnosis OR patient
acceptance of health care OR therapy delay

4. Ethnic groups OR ethnicity OR racial OR race

5. Risk factors OR smoking OR hypertension OR diabetes mellitus

6. Behavior OR risk self-assessment OR cardiac risk awareness
OR risk awareness OR awareness OR perception OR understanding
OR symptom recognition OR symptom interpretation OR psychosocial

7. Bias OR stereotyping OR prejudice OR gender attitudes OR disparities

8. Outcomes

9. Healthcare provider OR doctor OR clinician
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Scope of the Problem: Epidemiology
of IHD in Women

The epidemiology of IHD is multifactorial and includes the
contribution of risk factors such as age, race, genomics, eth-
nicity, culture, social, lifestyle, and environmental influences
that may negatively affect the disease process. These factors
may behave singly or interact multiplicatively to influence
IHD. Pooled data from cohort studies support that women
have substantially worse outcomes than men after acute IHD
events, including greater levels of disability.”'° Thus, diagnos-
ing and treating IHD in women are costly and contribute to
escalating healthcare expenditures.

Age

IHD is vast, affecting =15.5 million Americans =20 years of
age, with a lower prevalence rate for women (5.0%) compared
with men (7.6%).!"" However, after 45 years of age for men and
55 years of age for women, the risk for IHD increases simi-
larly in both groups. Although it has been assumed that pre-
menopausal women (usually before 55 years of age) possess
cardioprotective effects of estrogen, surprisingly, hormone
replacement therapy (HRT) has not been shown to be effec-
tive in protecting against IHD in postmenopausal women and
in fact may be harmful.'?

The life expectancy for women is greater than that of
men, contributing to an increased aged female population
with greater IHD risk."® However, it is particularly worri-
some that the IHD death.rate insyounger women 35 to 44
years of age continues to increase, while it is decreasing in
their male counterparts.'"'*15 Although/risk factors such as
obesity, diabetes mellitus, hypertension, smoking, and met-
abolic syndrome in younger women are thought to be the
primary culprit in these troubling IHD trends, lack of recog-
nition of prodromal symptoms and failure to assess for IHD
in these younger women may contribute to this disturbing
trend."

Race

Race is construed as a biological factor determined by genet-
ics. However, science indicates that race is best described as
social rather than biological because there is more variation
of genes within than between races. Genetically, the DNA
sequence in all people is 99.9% identical, making race indis-
tinguishable.''® However, despite scientific evidence, a social
stratum exists that distinguishes groups of people according
to phenotypic characteristics (eg, skin color, body shape, and
hair texture) that imposes social concerns. '

Interestingly, racial/ethnic variations in IHD exist in the
United States, and black women have higher prevalence
rates (7.0%) of THD compared with Hispanic (5.9%) and
white (4.6%) women. The same trend is noted with myo-
cardial infarction (2.2%, 1.7%, and 1.8%, respectively)
and angina (5.0%, 3.8%, and 2.9%)."> The AHA statistical
data for Asian and American Indian/Alaska Native women
either are not listed or did not meet the standards of reli-
ability."" According to the Centers for Disease Control
and Prevention,"” the leading cause of death for black
(23.4%) and white (22.9%) women is IHD, whereas IHD is
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considered the second leading cause of death for Hispanic
(20.5%), Asian/Pacific Islander (20.8%), and American
Indian/Alaska Native (16.9%) women. Cancer is regarded
as the leading cause of death for Hispanic, Asian/Pacific
Islander, and American Indian/Alaska Native women.
However, when Asian subgroups (Asian Indian, Chinese,
Filipino, Japanese, Korean, Vietnamese) are further delin-
eated, THD is the leading cause of death for Asian Indian
and Filipino women.® A plausible explanation for higher
death rates in these racial/ethnic groups is that these women
have more risk factors for CVD.

Genomics

Although there is no genetic basis for racial classification,
there may be genetic and genomic influences that place some
women at increased risk of developing IHD.?*> A more
detailed review of genetic and genomic concepts in CVD is
found in an AHA scientific statement.”® IHD is considered a
complex, multifactorial disease because it is influenced by
multiple genes and the environment. With multifactorial dis-
eases, a woman may inherit >1 alleles that put her at increased
risk, but environmental factors also influence disease devel-
opment and progression. Environmental factors can influence
the development or prevention-of multifactorial disease even
in the presence or absence of genetic'risk factors, depending
on the health behaviors of the individual. In other words, a
woman may inherit >1 alleles that increase susceptibility to
IHD, but if she is never exposed to environmental risk factors
such as a high-fat diet or sedentary lifestyle, she may never
develop IHD. Therefore, inheriting-alleles that place a woman
at inereased risk does not mean that she is destined to develop
a multifactorial, disease. Interventions, even for women at
great risk of developing IHD and associated complications,
may prevent disease and prolong years and quality of life.
Women with increased susceptibility to IHD as a result of
genetic or environmental risk factors should receive education
on how to reduce their risk.

Ethnicity and Culture
Identification with an ethnic group often implies shared cul-
tural traditions. Although ethnicity is frequently associated
with culture, the 2 terms are distinct. Ethnicity refers to ances-
try and a person’s country of origin or place of parental or
ancestor birth®* and is used to distinguish racial groups.'® On
the other hand, culture denotes a learned pattern of behavior
in which beliefs, values, norms, and practices are shared from
1 generation to the next and influence thoughts and actions of
a particular group.'®

Women are influenced by their ethnicity and cultural
background and thus are not considered to be a homoge-
neous group. A woman’s ethnic or culture background cre-
ates complex norms and expectations that affect all aspects of
life, including marital status, childbearing, caregiving roles,
food preparation, educational level, job choices, wage rates,
health beliefs/practices, amount of political power, and degree
of social influence.” Therefore, healthcare providers must be
prepared to address the influence of ethnicity and culture on
women’s health and well-being. The striking differences in
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[HD prevalence rates in which black women have the highest
prevalence rates compared with Hispanic and White women'!
are evidence that ethnicity and culture identify groups of
women who are known to suffer a disproportionate burden of
IHD and CVD.

Social and Environmental Influences

Social and physical environments have been implicated as
major determinants of cardiovascular health. Certain social
and physical environments tend to promote a cause-and-
effect chain of events that contribute to developing CVD,
including THD.?® Social conditions that affect cardiovas-
cular health may include health behaviors (eg, smoking
and alcohol use), lack of social support, low educational
levels, low income, menial jobs, and racial discrimina-
tion.?® Physical environments that may contribute to poor
cardiovascular health include low-income neighborhoods,
substandard housing, high-level noise pollution, living by
high-traffic freeways and other sources of air pollution,”’
food deserts (fast food restaurants and convenience stores
with limited access to supermarkets and full-service grocery
stores), crime-ridden neighborhoods, and lack of access to
quality health services. Moreover, women are more likely
to live in these undesirable neighborhoods, especially
minority women.” In the Well-Integrated Screening and
Evaluation for Women Across the Nation (WISEWOMAN)
study,?® the authors noted how community characteristics
(eg, racial segregation,.community-level education, income
characteristics, employment opportunities, and neighbor-
hood safety) influenced CVD-risk“behaviors in, different
racial/ethnic groups. Blacks displayed the most CVD risk,
whereas Hispanic and Alaska Native women displayed the
least. Interestingly, some racial/ethnic disparities in CVD
risk factors were'explained by differences in individual and
community characteristics, but other disparities persisted
even after controlling for these factors. Thus, the impact
of social and environment influences on women’s health
deserves further attention.

Outcomes: Rates of Repeat Acute Myocardial
Infarctions, Rehospitalization, Disability, and
Mortality

Although the annual death rate from IHD between 2000 and
2010 declined 39.2%," disparities exist and women have nota-
bly poorer outcomes than men after the initial IHD presenta-
tion. Pooled data from the National Heart, Lung, and Blood
Institute—sponsored cohort studies (1986—-2007) indicate sub-
stantial disparities between men and women: 1 year after acute
myocardial infarction (AMI), 19% of men and 26% of women
245 years of age will die. Within 5 years after a first AMI,
36% of men and 47% of women will die. Higher in-hospital
mortality rates have also been reported for women with stable
angina and acute coronary syndrome (ACS) compared with
men.”!? This disparity in deaths after a first AMI preferentially
affects older women because women tend to present with IHD
at older ages, but as stated earlier, [HD death rates in younger
women continue to escalate.!! Clearly, these startling dispari-
ties must be addressed.

Additionally, women have more complications after hav-
ing a first AMI such as increased bleeding risk after a first
AMI treated with percutaneous coronary intervention (2.4%
versus 1.2% for men).” At 45 to 64 years of age, 15% of men
and 22% of women have a recurrent AMI or fatal cardiovas-
cular event within 5 years. Furthermore, 8% of men and 18%
of women develop heart failure within 5 years of a first AMI.
As women and men age, the rates of a subsequent AMI and
heart failure equalize."

Sex differences also exist with ACS symptoms. A greater
proportion of women than men with anginal symptoms and
ACS have nonobstructive THD?’; however, more women
than men have adverse outcomes. Women with nonobstruc-
tive IHD and stable angina have greater major adverse event
rates than men with nonobstructive IHD (adjusted hazard
ratio, 2.43, 95% confidence interval [CI], 1.08-5.49).3!
Furthermore, data from the Women’s Ischemia Syndrome
Evaluation (WISE) study showed 5-year annualized event
rates for cardiovascular events of 16% and 7.9% in symp-
tomatic women with nonobstructive IHD and normal coro-
nary arteries, respectively.’> Adverse outcomes continue
over the long term for women in the WISE cohort with car-
diovascular death or AMI at 10 years in 6.7%, 12.8%, and
25.9% of women with no, nonobstructive, and obstructive
IHD (P<0.0001), respectively.’

Women with suspected ACS are-less likely to be diag-
nosed with ACS, which has often been attributed to atypi-
cal symptoms and less reliable ECG findings.* However, a
recent investigation reported that the use of a high-sensitivity
troponin assay with sex-specific cutoffs increased diagnostic
accuracy for women. In a study of 1126 patients with ACS
(46% women), the high-sensitivity troponin I assay increased
the diagnosis of AMI in wemen (from 11% to 22%; P<0.001)
but had a minimal effect in men (from 19% to 21%; P=0.002)
compared with contemporary assays with a single diagnos-
tic threshold.** Additional studies are needed to determine
whether the use of a high-sensitivity troponin I assay with
sex-specific diagnostic thresholds will improve outcomes for
women with ACS.

Finally, women with documented IHD and those who have
experienced an AMI have poorer self-reported health-related
quality of life and depression compared with men.>=” In the
WISE study, depression, symptom severity, and history of
depression treatment were associated with a greater risk of
mortality and hospitalization.*®

Costs

The estimated direct and indirect cost for IHD in 2010
was $108.9 billion and is projected to more than double by
2030.% Investigators from the WISE study estimated the
average lifetime cost for women with nonobstructive IHD
at $767288 (95% CI, 708480-826097).*° The estimated
cost ranged from $1001493 to $1 051302 for women with
1-vessel to 3-vessel IHD (P=0.0003). The volume of repeat
catheterizations or hospitalizations for angina in 1 year was
almost 2-fold higher in women with nonobstructive versus
1-vessel IHD (P<0.0001). Interestingly, women with non-
obstructive or 1-vessel IHD required more drug treatment
(P<0.0001).%
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Trends in Public Awareness

In response to women’s increasing mortality rates, the AHA
has conducted a series of surveys to ascertain awareness of
CVD by American women.*' The first survey, conducted in
1997, revealed that only 30% of women recognized that CVD
was the leading cause of death for women.** Despite aggres-
sive campaigns such as Go Red for Women to raise women’s
awareness, a repeat survey in 2012 indicated that only 56% of
white women currently recognized CVD as the leading cause
of death, with even lower recognition in black and Hispanic
women.*' Until a greater number of women are aware of IHD
as the leading cause of death in women, it will remain dif-
ficult to convince women to undertake necessary behavior
changes to prevent the development of IHD. Although almost
half of women in 2012 consider themselves very well or well
informed about heart disease in women, they had difficulty
identifying symptoms of IHD. Notably, chest pain was less
frequently cited as a warning sign of a heart attack in 2012
compared with 1997 (56% versus 67%); however, aware-
ness of less typical signs of a heart attack remained very low
(fatigue, 10%; nausea, 18%; shortness of breath, 38%).*!
Awareness of calling 9-1-1 if experiencing symptoms of a
heart attack was also low (65%).*!

How Women Experience IHD

Risk Factors

Increasing age is a significant risk factor for the development
of IHD in both men-and~women. Women are typically 10
years older than men when their heart disease is diagnosed.
Epidemiological studies suggest that the increéased prevalence
of IHD risk factors with aging explains up to 50% of the age-
related increased risk of IHD in women.*’ By midlife, >80% of
women have >1 traditional cardiac risk factors.* Traditional
risk factors for IHD in women are similar to those in men and
include obesity, dyslipidemia, diabetes mellitus, older age,
hypertension, inactivity, family history, and smoking.® It is
important to note that IHD risk factors are commonly seen
in conjunction with one another and that the rate of IHD in
women increases with the number of these traditional risk fac-
tors.**8 Among women 18 to 39 years of age, those with no
IHD risk factors had 88% lower rates of cardiovascular mor-
tality over an average of 31 years of follow-up compared with
women of a similar age with >2 risk factors.’ Prevention of
major cardiovascular risk factors in female individuals must
occur at an early age, preferably early childhood, to signifi-
cantly affect these trends. Because 80% of IHD is preventable,
risk factor modification is an essential component of prevent-
ing IHD in women.

Although the overall number of risk factors is prognos-
tic in both sexes, the prevalence and outcomes associated
with individual risk factors differ in women and men.*64-2
Furthermore, the use of traditional risk factors alone has been
criticized for underestimating IHD risk in women, particularly
among women with subclinical disease.*3* Given this con-
cern, several novel risk factors have been identified that may
improve risk estimation and THD detection in women.* The
following is a brief review of both the traditional and novel
IHD risk factors for women.
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Women’s Psychosocial Risks

As noted previously, women lag behind men in the manifes-
tation and presentation of IHD. There are several other gen-
der differences, for example the higher prevalence among
women of some psychosocial states such as depression, which
itself is a major risk factor for IHD and is twice as common
in women compared with men.”® Low and colleagues® con-
ducted a review of the literature on psychosocial risk and pro-
tective factors for [IHD among women. Results of the review
revealed that depression is a reasonably consistent predic-
tor of IHD among women, both incident and recurrent IHD
events. Although anxiety was associated with increased THD
risk among healthy women, a longitudinal study conducted by
Stewart and colleagues” found that anxiety was not associ-
ated with the common carotid artery intima-media thickness
for women or men. Two studies®®* reported that hostility was
a significant predictor of increased risk for IHD events among
women.

Stress is frequently thought to be associated with THD.
Low et al*® identified 11 studies that examined stress that was
based on the conventional measure of perceived high demand
and low control and suggested that this measure may be less
important for women compared with men. What may be more
important is the exposure to_psychological stress in both
the work and home settings! Lack-of social relationships in
women with existing IHD®¢! is associated with an increased
risk for IHD mortality and recurrent events; specifically, lone-
liness has been shown to be associated with increased IHD
incident risk.”” In summary, the empirical literature suggests
that-for. primary_.and secondary.JHD: prevention, positive
reciprocal social relationships may be important for women,
and from a negative perspective, psychological stress in the
interpersonal domains may-create an important risk for IHD
among women:*® Few studies -have focused-on positive states
or traits.** The Women’s Health Initiative (WHI)* found
that an optimistic disposition was associated with reduced
risk, whereas the National Health and Nutrition Examination
Survey (NHANES)* reported that emotional control and
vitality and positive well-being were associated with lower
coronary heart disease risk.

Obesity, Metabolic Syndrome, Diabetes Mellitus, and
Dyslipidemia

The increased incidence of obesity has been recognized for
the past 20 years as an epidemic in all industrialized countries
and is associated with increased CVD risk.% The incidence of
obesity is greatest in the middle of the United States, with 24
states having a prevalence of >30%.% CVD prevalence and
mortality are the highest in these same states.” With no other
risk factors for CVD, Cerhan and colleagues®® reported that
waist circumference was associated with greater risk of mor-
tality than any other variable.

Women are particularly at risk for CVD and especially
IHD if they are obese. The incidence of obesity may be as high
as 40% in postmenopausal women.* There are also ethnic dif-
ferences in the incidence of obesity in the United States. For
example, in 2007 to 2008, 33% of non-Hispanic white women
were obese, whereas 49.6% of non-Hispanic black women
were obese.®’® Obesity increases after surgical menopause
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and is increased in women who start HRT within 12 months
of amenorrhea.” There is also evidence that even if women do
not gain additional weight after menopause, there is a redistri-
bution of body fat, favoring an increase in abdominal fat waist
circumference gain rather than lower-hip weight gain.” This
is significant because weight that accumulates in the abdomi-
nal area is associated with a higher incidence of CVD than
weight that is accumulated in the lower body.”

Obesity (particularly central obesity) is 1 component of
the cluster of features known as the metabolic syndrome,
which also includes insulin resistance or type 2 diabetes mel-
litus, dyslipidemia, and hypertension.®’° Women with meta-
bolic syndrome have an increased prevalence of subclinical
atherosclerotic disease and higher all-cause and cardiovas-
cular mortality compared with women without metabolic
syndrome.**7+7¢ Horvei and colleagues” reported that waist-
to-hip ratios and waist-to-height ratios had the greatest risk
for AMI in women who participated in the Tromsg Study
(1994-1995) and were evaluated up to 2011. In another study
in patients with IHD and hypertension, the majority of obese
individuals were women (67.1%), and they had a higher
prevalence of diabetes mellitus, dyslipidemia, left ventricular
hypertrophy, and heart failure than normal-weight women.”
In addition, hypertension was controlled in only <35% of
obese individuals compared with 52% of normal-weight indi-
viduals, and diabetes mellitus was controlled in only 18% of
obese individuals compared with 43% of normal-weight indi-
viduals. The investigators concluded that chronic IHD wors-
ens as body mass index increases.

Currently, it is'unknown whether body. weight alone or the
combination of obesity and parameters of the metabolic syn-
drome increases the risk of CHD.”® In the Louisiana State
University Hospital-based-Longitudinal Study with 74 14:sub-
jects (2926 men and 4488 women), there was a positive corre-
lation between body mass index at baseline and increased risk
of IHD in individuals with type 2 diabetes mellitus at follow-
up for both men (P <0.001) and women (P <0.001).% In
contrast, comparison of data from the Framingham Offspring,
Atherosclerosis Risk in Communities, and Cardiovascular
Health cohorts, assessed for =8 years, indicated that abdominal
obesity alone was not significantly associated with increased
risk of CVD.”™ However, inclusion of 1 or 2 components of
metabolic syndrome plus type 2 diabetes mellitus did signifi-
cantly increase the odds ratio of developing CVD and IHD in
both men and women.

Women with diabetes mellitus have a >6-times higher risk
of dying of CHD compared with women without diabetes
mellitus.®’ Numerous studies suggest that diabetes mellitus
conveys a higher risk for cardiovascular mortality in women
compared with men.*>*® Even women with type 1 diabe-
tes mellitus have been shown to have a 40% excess risk of
fatal and nonfatal cardiovascular events compared with men
with type 1 diabetes mellitus.”’ The increased risk from dia-
betes mellitus may be partially related to the greater burden
of cardiovascular risk factors seen in women compared with
men, differences in their pathophysiology, and lower rates
of recognition, treatment, and control of diabetes mellitus in
women compared with men.®358892 Although mortality rates
among diabetic women and men have been declining in recent

years, the magnitude of decline has been greater in men than
in women.” Therefore, continued research is needed to better
understand how to improve cardiovascular outcomes among
diabetic women.

Dyslipidemia is a significant risk factor for IHD in women
and men.**+*7 High total cholesterol, high low-density lipo-
protein, high triglycerides, and low high-density lipoprotein all
have been shown to be associated with increased cardiovascu-
lar risk in women.*** All major international guidelines on the
treatment of dyslipidemia recommend similar approaches to
the management of dyslipidemia in both men and women.**¢
High triglycerides have been shown to be a stronger predictor
of IHD risk in women compared with men, although whether
this relationship is related to the ratio of triglycerides to high-
density lipoprotein is debated.”!® Reiner and colleagues®’
assessed individuals who had IHD and reported that the
majority of both men and women had elevated total choles-
terol, especially low-density lipoprotein cholesterol, and 37%
had reduced levels of high-density lipoprotein. Data from the
14-year follow-up of the Nurse’s Health Study showed a sig-
nificantly increased risk for nonfatal AMI and IHD among
women with higher intake of saturated dietary fat.!"! Despite
a similar recommended approach to the treatment of dyslip-
idemia, many studies have shown that women are less likely
to be prescribed lipid-lowering therapies or to achieve recom-
mended cholesterol goals when treated compared with the
outcomes for men.''% Clearly, the lack of following treat-
ment guidelines and failure to obtain recommended treatment
goals contribute to women’s poorer outcomes. This disparate
treatment enhances the perception.of bias in treating women
with known cardiac risk factors or IHD.

Physical Inactivity
PI negatively affects several modifiable major risk factors
for THD in both sexes. PI in women is often associated with
obese and overweight states, hypertension, diabetes mellitus,
and certain abnormal blood lipids. Overall, older women, who
are more at risk for IHD, tend to be more physically inactive
than men. Many older women lack experience in team activi-
ties and group exercise, contributing to their PL.!® However,
this is changing as more baby boomers age and participate in
group activities such as water aerobics, yoga, and Pilates. The
National Institute on Aging has excellent step-by-step instruc-
tional material to encourage safe activity in the older popula-
tion, Your Everyday Guide from the National Institute on Aging,
Exercise and Physical Activity.'"™ Silver Sneakers and other
local programs are increasing opportunities for both older men
and women to participate in physical activity. However, despite
these educational materials tailored to older adults and increas-
ing opportunities for age-related group exercise activities,
women continue to have higher rates of PI than men (33.2%
compared to 29.9%), perhaps because health professionals are
not encouraging them to increase activity.'®!° Unfortunately,
high-risk minority women have the highest rate of PL.!%”
Research on the effectiveness of cardiac rehabilitation has
consistently concluded that it is beneficial to all IHD patients
in reducing cardiovascular risk factors after the occurrence of a
cardiac event.!''> Some of these benefits are improved exer-
cise capacity, improvement in lipids, reduction in body mass
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index, reduction in morbidity and mortality, and improved
psychological factors.!'!!3-116 Historically, referral rates by
healthcare providers to cardiac rehabilitation have been low
for both sexes but substantially lower in women (<50%).!1°
Additionally, current referral rates remain severely subopti-
mal, with a greater disparity in referrals for women compared
with men (31.1% versus 42.2%; P<0.0001),"? with the lowest
referral rates in minority women.!!112-114

If women are fortunate enough to be referred to cardiac
rehabilitation, they do not fare as well as men. They typi-
cally have very low attendance rates, particularly minority
women.'"*!5 They report difficulty completing the recom-
mended program because of their social roles of caretaker or
single-parent head-of-household employment responsibili-
ties.!!™!> Other barriers that may account for the disparity
among women and minorities related to cardiac rehabilitation
attendance and completion include lack of awareness among
women about their IHD risk, low education level, psychologi-
cal stress, financial barriers, language barriers, cultural dif-
ferences, geographic inaccessibility, lack of transportation,
physical deconditioning, and lack of significant social support
System.l 10-113,115

Completion rates for women are significantly lower than
for their male counterparts (50.1% versus 60.4%; P<0.0001),
and minorities have decreased completion rates compared
with whites.!">!3 In a study that compared younger women
<55 years of age (n=65) with older women >55 years of age
(n=187) enrolled in cardiac rehabilitation, data indicated that
women who did net complete “cardiac rehabilitation were
significantly younger with more. risk. factors for IHD and
increased levels of anxiety and depression.'"

Another potential contributing factor for younger women
is that when premenopausal women_exercise, differences in
pain perception may_exist with regard to the effects of the
menstrual cycle."” Tn addition, among women with angina,
ischemia may be induced more easily in the early follicular
phase (a low-estrogen state). Pain exacerbated by exercise in
women with IHD may frighten them if they do not understand
how pain may be affected by the menstrual cycle and may
contribute to lower completion rates in younger women. There
are other sex differences in exercise dynamics: Peak heart rate
decreases more gradually in women than men, and exercise
maximal heart rate is often different.!’

Although there are mixed results in terms of who benefits
the most from completion of cardiac rehabilitation, all studies
conclude that women benefit from attendance, regardless of
age. For instance, a study found that women (n=6374) who
complete cardiac rehabilitation experienced the highest reduc-
tion in mortality (hazard ratio, 0.36; 95% CI, 0.28-0.45) with
a relative benefit higher than men (n=19584; hazard ratio,
0.51; 95% (I, 0.46, 0.56).""? Another study demonstrated that
although blacks (n=169) significantly benefited from cardiac
rehabilitation, they did not benefit to the same degree as their
white counterparts (n=927)."* That study also concluded that
women and diabetic patients had the least improvement after
completing cardiac rehabilitation, but their improvements
were significant.!" Therefore, women with known IHD,
regardless of age or race, benefit from referral to and comple-
tion of a cardiac rehabilitation program. Interventions need to
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be developed that address the social constraints that prevent
many women from benefitting from cardiac rehabilitation.

Tobacco Use

Cigarette smoking remains the leading cause of preventable
death in the United States.*>''8-1?! In the United States, it is esti-
mated that =17% of adult women currently smoke cigarettes.''®
Smoking is a potent risk factor for women in that it imparts a
25% greater risk of IHD than in male smokers, independently of
smoking intensity or other cardiovascular risk factors.*2>12 In
all age groups, women who smoke have a significantly higher
risk of IHD events (fatal and nonfatal) compared with women
who do not smoke.'* The largest difference in risk for IHD
events between smokers and nonsmokers was seen in young
women or those 40 to 49 years of age; however, the absolute
rate of IHD events was significantly higher in older women
(=260 years old) who smoked compared with nonsmokers.'**
Women who stop smoking at any age experience an immedi-
ate benefit and further longer-term declines in excess risk of
IHD to the level of those who never smoked.'>~'*® Therefore,
promoting smoking cessation is vital to discuss with women
of all ages to prevent the development of IHD.

Aging and Hypertension
Systolic blood pressure (BP) is.the most important modifiable
risk factor contributing to the'excess IHD risk that occurs with
aging in men and women.** Aging in both men and women is
characterized by increases in BP, and the prevalence of hyper-
tension in postmenopausal women is higher than in men.!?-13
Hypertension/ is a major risk factor for CVD in men and
WOmen.129'131

Worldwide, 25% of women are hypertensive, and in the
United States, >75% of women >60 years of age are hyperten-
sive.13313% The NHANES TV (1999-2002) showed that more
women with high-BP - went undiagnosed compared with men
(11.7% versus 9.9%).'% Furthermore, in a study that compared
the NHANES III cohort (ending in 1994) with the NHANES
IV cohort (ending in 2002), hypertension was less well con-
trolled in women than men who were taking antihypertension
medications (14.6% versus 8.3%).'* This finding is similar
to the lower number of women receiving optimal treatment
and achieving recommended lipid levels. It is possible that sex
bias contributes to both of these treatment outcomes.

Nondipping of BP at night is associated with increased
target-organ damage in both men and women,'* but there
is evidence that nondipping in women in general is associ-
ated with greater target-organ damage than in men'¥*® and
that postmenopausal women are more likely than premeno-
pausal women to exhibit nocturnal nondipping of BP.!*” Thus,
although antihypertensive guidelines are no different for
men and women'*® and women are more likely to have their
BP measured, hypertension may be less well controlled in
women. This suggests that women may not be as aggressively
treated for their hypertension as men and that the mechanisms
responsible for hypertension in aging women may differ from
the mechanisms in men.

Roles of Estradiol and the Consequences of HRT
Whether the presence of estrogens protects against CVD is
controversial. Estradiol has been shown to be cardiovascular
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protective mainly in experimental settings or when intermedi-
ate markers for CVD were used as end points.'**! Whether
the lack of estrogens contributes to CVD in postmenopausal
women is also controversial and unknown. Early observa-
tional studies suggested an association between the use of
HRT such as estradiol and lower cardiovascular risk in post-
menopausal women.'#>!** However, large clinical trials of the
effect of HRT in postmenopausal women have not supported
these previous findings. The results of the WHI studies,'* the
Heart and Estrogen/Progestin Replacement Study (HERS) I
and HERS I1'%16 trials, have not supported a role for HRT in
the primary or secondary prevention of IHD, respectively. It is
unknown if the mode of delivery of HRT, the dose of HRT, or
the preparation of the HRT itself may play a role in the effi-
cacy. For example, conjugated equine estrogen is a common
estrogenic HRT, but because of the source (urine of pregnant
mares), there are a significant number of other steroids in the
preparation such as androgens. Conjugated equine estrogen
was the preparation used in the WHIL'* Ichikawa and col-
leagues'’ found that transdermal HRT for 12 and 24 months
reduced diastolic and mean BPs in normotensive postmeno-
pausal women. In contrast, Prelevic and colleagues'*® stud-
ied healthy postmenopausal women who had taken HRT for
at least 5 years and reported either no effect or that BP was
in fact higher in some women using HRT. Age at beginning
HRT and the length of time after the last menstrual period
when HRT is begun may also contribute to the efficacy and the
occurrence of adverse effects. For example, postevaluation of
women in the WHI study who were younger and randomized
to the estrogen-only arm showed.that there was.a significant
reduction in IHD after years 7 to 8.'*

The prevalence of hypertension is higher in postmeno-
pausal women, suggesting“a possible role of sex hormones.
Olszanecka and colleagues™® measured ambulatory BP_in
normotensive and hypertensive women 40 to 60 years of age
and found that BP was similar in the normotensive and hyper-
tensive groups regardless of the presence or absence of meno-
pause. Unfortunately, to the best of our knowledge, there have
been no studies in which ambulatory BP has been measured
serially over the perimenopausal transition to correlate and
document any BP change with menopausal transition. Thus,
whether the presence of estrogens protects young women
from hypertension or loss of estrogens promotes coronary dis-
ease in postmenopausal women is not clear.

There is evidence that loss of estrogens at any age contrib-
utes to endothelial dysfunction, which is common in individuals
with hypertension. Reduced endothelial function is more preva-
lent in postmenopausal women with hypertension, especially
nighttime hypertension, compared with normotensive post-
menopausal women."! Taddei and colleagues'> reported that in
response to acetylcholine, an index of endothelial dysfunction,
endothelium-dependent flow-mediated vasodilation (FMD),
was attenuated less with aging in hypertensive premenopausal
women than men, but after menopause, the FMD response
was attenuated to the same extent in both women and men.
Attenuated FMD is prognostic of CVD risk factors, includ-
ing hypertension, in postmenopausal women.!> Women with
premature ovarian failure before 40 years of age also exhibit
reduced brachial FMD compared with age-matched cycling

women, but in these women, HRT with conjugated equine estro-
gen and medroxyprogesterone for 6 months reversed the endo-
thelial dysfunction.'™ In contrast, in the Women’s Angiographic
Vitamin and Estradiol (WAVE) trial, HRT had no beneficial
effect on FMD in postmenopausal women.'”® The fact that
HRT protected against endothelial dysfunction in young post-
menopausal women but not in older postmenopausal women
supports the contention that aging may change the response to
HRT and thus may independently contribute to increases in BP.

Endothelial dysfunction is characterized by reductions
in nitric oxide (NO). Estradiol stimulates NO production
acutely by increasing intracellular calcium, which activates
endothelial NO synthase.'® In addition, estradiol increases
NO chronically because it upregulates synthesis of endothe-
lial NO synthase via estrogen response elements that would
promote vasodilation and thus reductions in BP.'Y” Estradiol
is a modest antioxidant because it upregulates superoxide dis-
mutase,"® which removes superoxide, which reduces oxida-
tive stress. Superoxide binds to NO with high affinity and thus
renders NO unavailable for vasodilation.'” Because an intact
NO system is necessary for antioxidants to reduce BP, in situ-
ations of chronic hypertension when endothelial dysfunction
is present and NO levels have been reduced for long periods,
estradiol may lose the ability to affect BP. Furthermore, with
an estrogen-mediated increasé in superoxide dismutase, it is
possible that there may be an incréase“in'hydrogen peroxide,
also a powerful oxidant that offsets any beneficial effect of
removing superoxide.

Reductions in estradiol with menopause could also affect
the renin-angiotensin system (RAS). Estradiol downregu-
lates angiotensin type Lreceptors and angiotensin-converting
enzyme, %! thus protecting against activation of the RAS and
subsequent vasoconstriction.Reductions in estradiol would
therefore tend to promote activation of the RAS. However, in
normotensive postmenopausal women, HRT with transdermal
17B-estradiol and oral medroxyprogesterone reduced BP but
had no effect on levels or expression of RAS components such
as plasma renin activity, angiotensin I or II, aldosterone, or
angiotensin-converting enzyme activity.'’ In contrast, treat-
ment of postmenopausal women with angiotensin type 1
receptor antagonists improved endothelial dysfunction mea-
sured by FMD, whereas calcium channel blockers did not,'s
supporting a role for the RAS in contributing to postmeno-
pausal CVD.

Emerging Risk Factors for CVD

Inflammatory Markers

Research shows that there is a correlation between inflamma-
tion and THD.!%*1% This correlation may be useful for early
diagnosis of IHD because multiple biomarkers can be used
to detect inflammation, including high-sensitivity C-reactive
protein (hs-CRP), interleukin-1, interleukin-6, and tumor
necrosis factor-o. In fact, some of these biomarkers have
been used to aid in the diagnosis of THD.!**!¢167 However,
some of the biomarkers are not specific for IHD, which may
limit their diagnostic usefulness. In addition, the exact mecha-
nism of how biomarkers function is not clear. Therefore, the
usefulness of biomarkers alone as screening tools for IHD is
controversial.
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Lipoprotein(a) [Lp(a)] has also been shown to be a risk
factor for IHD and other CVDs. For instance, a 15-year pro-
spective study (n=826; 52% female) found that Lp(a) level
was associated with the occurrence of CVD. The hazard ratio
per 1-SD-higher Lp(a) for women was 1.32 (95% CI, 1.10—
1.58). Interestingly, the addition of Lp(a) to the Framingham
Risk Score and Reynolds Risk Score improved prediction of
CVD in this study.'®® The exact mechanisms are not known,
but the association of Lp(a) with IHD may be due in part to its
proinflammatory properties. Another mechanism may be its
low-density lipoprotein component. Clinical utility of Lp(a) is
controversial, but the US National Lipid Association and the
European Atherosclerosis Society recommend its use in select
populations such as those with intermediate or high risk of
developing CVD to assist in identifying their risk.'*!7

hs-CRP is the most commonly studied inflammatory
marker for the detection of IHD. However, it is unknown
whether it is an independent risk factor for CVD. Data sup-
port that it may improve risk detection in women.!¢*!"1172 [n
the Women’s Health Study, a global risk predication model
that included hs-CRP improved cardiovascular risk predic-
tion in women.'”! Furthermore, hs-CRP has been shown to
be a stronger predictor of cardiovascular events in women
than low-density lipoprotein cholesterol.'”” For women with
metabolic syndrome, hs-CRP may add prognostic informa-
tion on future cardiac risk. In a study of apparently healthy
women, those with metabolic syndrome and hs-CRP levels
>3.0 mg/L had almost twice the risk of a future cardiovascular
event as those with metabolic syndrome and an hs-CRP <3.0
mg/L."™ Measuring hs-CRP ‘is not recommended in_routine
risk assessment of women but rather as an option in those with
intermediate risk."* The benefits of assessing hs-CRP/or any
treatment based on this.strategy.remain uncertain:

Autoimmune Disease

Atherosclerosis may be accelerated by the presence of systemic
inflammation.'” Rheumatoid arthritis and systemic lupus ery-
thematosus (SLE) are associated with a significantly increased
risk for CVD.'” In the “Effectiveness-Based Guidelines for
the Prevention of Cardiovascular Disease in Women—2011
Update,” systemic autoimmune collagen-vascular disease was
listed as a criterion for the status of “at risk.”!’® Examination
of the California Hospital Discharge Database indicated that
young women between 18 and 44 years of age with SLE
(n=3851) were 2.27 times more likely than their age-matched
peers without SLE (n=19228) to be hospitalized because of
AMI, 3.80 times more likely to be hospitalized because of
congestive heart failure, and 2.05 times more likely to be hos-
pitalized because of cerebrovascular accident.!”” Women in
the Framingham Offspring Study 35 to 44 years of age with
SLE were an astonishing 50 times more likely to have an AMI
than women of the same age without SLE.'” Traditional risk
factors such as smoking, family history of premature disease,
hypertension, and elevated cholesterol do not completely
account for the increased risk of IHD in patients with SLE.

Preeclampsia and Pregnancy-Associated Hypertension

Women with a history of preeclampsia have a 3.6- to 6.1-fold
greater risk of developing hypertension and a 3.1- to 3.7-fold
higher risk of developing diabetes mellitus, depending on

Preventing and Experiencing IHD as a Woman 9

whether the preeclampsia is mild or severe.!” Preeclampsia
is also a risk factor for future ischemic stroke.'® One large
cohort study in Northern Finland (n=12055) found that any
elevated BP during pregnancy, regardless of type, signaled
a greater risk of developing CVD, chronic kidney disease,
and diabetes mellitus than in women without elevated BP
during pregnancy.’® A number of meta-analyses have dem-
onstrated that women with a history of preeclampsia have
approximately double the risk for subsequent IHD, stroke, and
venous thromboembolic events over the 5 to 10 years after
the pregnancy.'®>!8% The “Effectiveness-Based Guidelines for
the Prevention of Cardiovascular Disease in Women—2011
Update” lists history of preeclampsia or pregnancy-induced
hypertension as a criterion for the status of at risk.!”

Gestational Diabetes Mellitus

Unique to women is the IHD risk factor of gestational diabetes
mellitus. A history of gestational diabetes mellitus doubles the
risk of developing diabetes mellitus in the following 4 months
postpartum and remains a lifelong risk factor.'® Fasting glu-
cose levels 2121 mg/dL during pregnancy increase the risk
for diabetes mellitus in the early puerperium by an astound-
ing 21-fold."® Studies have also shown at least 1.5 times
greater risk of CVD in women with a history of gestational
diabetes mellitus compared with women, without gestational
diabetes mellitus.'®? “Effectiveness-Based Guidelines for
the Prevention of Cardiovascular Disease in Women—2011
Update” incorporated a history of gestational diabetes melli-
tus as an at-risk criterion, requiring attention to CVD risk fac-
tors and the implementation of therapeutic lifestyle changes
in /these: women ‘throughout their lives.'”* Women must be
educated about their ongoing risk imparted by experiencing
gestational diabetes mellitus.

Reproductive Hormones

Oral Contraceptive Therapy. The American College of
Obstetricians and Gynecologists and the World Health
Organization have published guidelines on medical eligibility
for contraceptive use.'®® For most women who are healthy and
free of CVD and cardiovascular risk factors, the use of com-
bination estrogen-progestin oral contraceptives is associated
with low relative and absolute risks of developing CVD.'¥
However, women who are smokers and >35 years of age,
women with uncontrolled hypertension, and women with a
history of IHD have an unacceptably high risk associated with
oral contraceptive use.'8"188

Postmenopausal Hormone Therapy. A majority of CVD
occurs after menopause in older women, which is associated
with an increased burden of risk factors for CVD.'® As stated
earlier, it was thought that postmenopausal HRT should reduce
the risk of CVD, and initial observational data supported this
hypothesis. Nonetheless, randomized trials such as HERS 1,
HERS II, WHI, and Raloxifene Use for the Heart (RUTH) did
not support that HRT or selective estrogen receptor modula-
tors prevented CVD, regardless of use for primary or second-
ary prevention.'#146190191 The AHA “Effectiveness-Based
Guidelines for the Prevention of Cardiovascular Disease in
Women—2011 Update” states that HRT and selective estro-
gen receptor modulators should not be used for the primary

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

10 Circulation March 29, 2016

or secondary prevention of CVD and are a Class III, Level of
Evidence A intervention.'’

Polycystic Ovarian Syndrome

Unique to women, polycystic ovarian syndrome (PCOS) is
associated with the development of metabolic syndrome and
insulin resistance. A meta-analysis concluded that women
with PCOS have an increased prevalence of impaired glu-
cose tolerance, metabolic syndrome, and diabetes mellitus
compared with women without PCOS." It remains unclear
whether PCOS is an independent risk factor for premature
CVD in women, but recent data suggest an elevated risk in
women with PCOS that is independent of established risk fac-
tors in older postmenopausal women.'*> Furthermore, in the
WISE study of postmenopausal women with PCOS, cumula-
tive 5-year CVD event—free survival was 79% for women with
PCOS compared with 89% for women without PCOS.!'**

Functional Hypothalamic Amenorrhea

It is estimated that up to 10% of premenopausal women have
documented ovarian dysfunction, with a larger proportion
having subclinical hormonal dysfunction that may result in an
increased risk of developing CVD. Functional hypothalamic
amenorrhea is a cause of a premenopausal ovarian dysfunction
and occurs when gonadotropin-releasing hormone increases,
thereby increasing luteinizing hormone in a pulse frequency
causing both amenorrhea and hypoestrogenemia. Functional
hypothalamic amenorrhea can be induced by psychologi-
cal stressors or a metabolic insult such as caloric restriction
or excessive exercise. In a‘large cohort study, women with
menstrual irregularities had a 50% increased risk.of -nenfatal
and fatal IHD compared with women with regular menstrual
cycling.” Data suggest an aassociation between functional
hypothalamic amenorthea” and-premature coronary athero-
sclerosis in women-undergoing-coronary-angiography'*>-and
that the use of oral contraceptive therapy may offer protec-
tion.!”® These findings suggest that amenorrhea and cycling
irregularity may be risk factors for CVD in women, but further
research is still needed to understand this association.

Breast Cancer Therapy

As a result of advancements made in breast cancer treatment,
there has been improved survival in women with breast cancer,
yet these women have an elevated risk of developing CVD."’
Breast cancer therapies (including anthracycline therapies,
trastuzumab, and radiation therapy) are associated with various
degrees of direct cardiovascular injury, in addition to signifi-
cant indirect lifestyle changes that also reduce cardiovascular
reserve.'?” It remains unclear whether it is the presence of breast
cancer itself or the specific therapies for treatment of breast can-
cer that increase the risk for CVD. The risks to the heart can
be related to many cardiovascular issues, but radiation therapy
seems to have an established association with the development
of IHD. Exposure of the heart to ionizing radiation during radio-
therapy for breast cancer increases the rate of developing IHD.
The risk is directly proportional to the mean dose of radiation
to the heart, with an increase in CVD events of 7.4% per 1 Gy
of radiation (95% CI, 2.9-14.5; P<0.001)."”® The mean radia-
tion dose to the heart in a study of 2168 women who received
radiotherapy treatment for breast cancer was 4.9 Gy. The risk

of IHD begins within a few years after exposure and appears to
continue for at least 20 years after the exposure. As expected,
the absolute risk for IHD is highest in those women with preex-
isting CVD risk factors.'”® This increased risk for IHD may be
underappreciated. Nonetheless, this is an increasingly impor-
tant issue in the management of women surviving breast cancer.
Further work is needed to determine the relative and absolute
risk of breast cancer and its specific therapies to guide cardio-
vascular healthcare providers who will increasingly be called
on to evaluate and treat these women.

Sleep Apnea

Although sleep apnea is more prevalent in men than in women,
it is a very common issue in women and underrecognized in
terms of its impact on CVD. In women, untreated obstructive
sleep apnea is associated with an increased risk of hyperten-
sion, coronary artery disease, stroke, and atrial fibrillation.'”
Central sleep apnea occurs mainly in patients with heart fail-
ure. Regardless of type, sleep apnea is believed to induce
severe intermittent hypoxemia and carbon dioxide retention
during sleep, with oxygen saturation sometimes dropping to
<60%, disrupting the normal autonomic and hemodynamic
responses to sleep.’®® Apnea often occurs repetitively through
the night, and toward the end of an apneic episode, BP can
reach levels as high as 240/130'mmHg.?’! This hemodynamic
stress occurs simultaneously with severe hypoxemia, hyper-
capnia, and adrenergic activation, which in turn act to promote
CVD. Importantly, untreated sleep apnea in women is associ-
ated with 3.5-times greater risk of dying of CVD, yet this risk
was reduced to the same degree as in a woman without sleep
apnea with appropriate treatment with’continuous positive air-
way-pressure.'”

Assessing Women’s IHD Risk

A gap in racial/ethnic awareness of IHD as the number 1 cause
of death in women was noted in 1997 and again in 2012, with
white women’s awareness (65%) superseding that of black
(36%) and Hispanic (34%) women.*! Although awareness
of heart disease has improved over the past 15 years, the gap
in awareness is alarming. Clearly, efforts to inform minor-
ity women of their risk for developing IHD are insufficient.
Further research is needed to determine the most effective
ways to reduce this disparity. Because IHD is the leading
cause of mortality, morbidity, and disability among women in
the United States,'” it is vital that women have an accurate per-
ception of their risk for IHD. Major causative factors for heart
disease are credited to modifiable risk factors (eg, hyperten-
sion, dyslipidemia, diabetes mellitus, and smoking). Rarely do
cardiac risk factors occur in isolation; rather, there is a syner-
gistic action among several risks factors that exacerbates the
disease burden. Therefore, treatment should be holistic and
not singly focused on individual risk factors.?®?

It is vital that healthcare providers accurately use cardio-
vascular risk assessment tools and effectively treat cardiac
risk using recommended guidelines. It is equally vital that
healthcare providers teach all patients about their cardiac
risk in simple terms they can understand and provide life-
style management counseling.’” In a systematic review, inter-
vention intensity and repetitive presentations improved risk
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perception accuracy and intent to adhere to preventive strate-
gies.””® Whether this intent translated into action is not known.
Longitudinal studies that focus on repetitive risk presentation
at delivery levels are needed to determine suitable impact on
cardiac outcomes.

Even when clinicians suspect IHD, accurately estimat-
ing women’s risk is challenging. Perhaps the most used
risk assessment tool is the Framingham Risk Score, which
includes traditional risk factors such as age, sex, BP, tobacco
use, and cholesterol levels. However, it does not include fam-
ily history, pregnancy-related problems such as preeclamp-
sia, and other emerging risk factors discussed earlier in this
article. Therefore, it may underestimate IHD risk in women.
The Reynolds Risk Score was developed to detect the risk of
CVD** and includes the Framingham components but adds
family history, hemoglobin A in diabetics, and 1 inflamma-
tory marker, hs-CRP. Inflammatory markers may be espe-
cially important in the detection of IHD in women, who tend
to have more microvascular disease than men. A more recent
risk score published jointly by the AHA and the American
College of Cardiology is the Atherosclerotic Cardiovascular
Disease Risk Estimator.’> This risk score includes age, sex,
BP, tobacco use, cholesterol, race, and diabetes mellitus status
and was developed with Pooled Cohort Equations from sev-
eral large cohort studies of white and black men and women.
A mobile application is available that includes the risk score
and most recent cardiovascular prevention guidelines so that
clinicians can easily access this information. These risk scores
can aid in decisions-about;the prevention and treatment of
IHD. However, healthcare providers tend to underestimate the
risk of IHD in women regardless of the risk assessment used.

Currently, risk assessment tools are available for 5-year,
10-year, or lifetime risk estimate of 'coronary disease elec-
tronically,>**? and the risk estimate is relevant for vulnerable
populations such'as women and blacks. However, modifica-
tions to current risk assessment tools are needed because most
underestimate or overestimate risk for nonwhite racial/ethnic
groups.”

The Diagnostic Experience

Recognizing THD in women is a long-standing, 2-pronged
problem for both women and health professionals. First,
women have to recognize symptoms as indicative of poten-
tial disease and seek treatment. Second, when they seek
treatment, health professionals must recognize symptoms
as potential prodromes of heart disease or acute symptoms
indicative of impending AMI and respond appropriately.?%52%
Although progress is evident on both fronts, too many women
continue to have difficulty recognizing symptoms as poten-
tially indicative of heart disease, and many of those who do
recognize symptoms and seek medical attention continue
to report that providers ignore their concerns or minimize
the importance of their symptoms. This in turn undermines
women’s confidence in their ability to recognize the impor-
tance of their symptoms and may deter women from seeking
additional health care for prodromal symptoms.?”” Prodromal
symptoms are defined as symptoms that are new and inter-
mittent before an acute cardiac event and resolve after the
event.?® This lack of recognition of symptoms leads to delays
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in seeking treatment and contributes to women’s disability
and mortality rates.

Women’s Viewpoint
Early qualitative studies of women’s experiences in seek-
ing medical assistance for troubling symptoms of unknown
origin, later diagnosed as IHD when women experienced an
AMI, began appearing in the literature in the late 1990s.2”
At this time, research on women’s IHD symptoms was in
its infancy, and women’s mortality rates were increasing at
alarming rates and eventually surpassed men’s rates." In rec-
ognition of these statistics, a concerted effort was initiated
to improve women’s IHD outcomes. These early qualitative
studies reported that women were often recognizing symp-
toms as not normal, but they did not attribute them to poten-
tial IHD because they thought it was a disease that occurred
primarily in men. Additionally, elusive and vague intermittent
prodromal symptoms made it difficult for women to recognize
these symptoms as indicative of IHD. The AHA embarked on
a project, Go Red for Women, to increase women’s aware-
ness of heart disease as the number 1 killer of women so that
women would suspect it and seek prompt medical attention.
However, studies continue to report that many women fre-
quently attribute symptoms to noncardiac reasons, minimize
the importance of symptoms,.Or. putameeting social and role
responsibilities ahead of their seeking medical attention for
themselves.?>27210 Equally troubling, when women recog-
nize that something is not right and they seek timely medical
attention, they often report difficulty receiving a diagnosis and
accurate treatment. Unfortunately, this is not just a problem in
the United States. Similar experiences have been reported by
women in a variety of studies conducted worldwide, making
this a universal problem 27210213

Two recently published, small, qualitative studies?’-?!°
(n=10 and 20) conducted in different countries reported
similar accounts of women’s diagnostic experiences. In
both studies, more than one half of women sought medical
care during the prodromal period for troubling symptoms.
Although a few received recommended diagnostic tests and
treatments, many reported that their symptoms were not
taken seriously or downplayed, which contributed to their
delaying seeking treatment when symptoms became more
severe. They doubted their ability to recognize important
symptoms requiring immediate attention. Even when health
professionals correctly identified symptoms as needing
immediate treatment, some women were instructed to go to
a hospital emergency department by private automobile or
taxi, not by emergency transportation. This further decreased
women’s confidence in healthcare providers. These experi-
ences are not remarkably different than those reported by
McSweeney et al*'* more than a decade earlier in a sample
of women in the United States. That study was conducted
with 40 women 27 to 79 years of age (58.5£12.5 years) who
had previously experienced an AMI.?"* Most women were
unaware that they were at risk for IHD but sought medical
attention when troubling symptoms appeared. When the
women sought treatment for their prodromal symptoms,
they reported trouble with getting diagnosed, perceived that
they were not taken seriously by providers, and were often
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treated for depression or indigestion.?'* This delay in treat-
ment and diagnosis led many of the women to grow frus-
trated with seeking treatment for their symptoms and angry
with the delay in receiving a diagnosis before their AMIL.2'*
Some women expressed relief at receiving the diagnosis of
AMI because they finally understood what was wrong with
them. These studies document a trend of missed opportuni-
ties to prevent and/or delay AMI resulting from a lack of
recognition of prodromal symptoms. Unfortunately, this lack
of recognition of prodromal symptoms in women continues
to persist despite studies identifying women’s most frequent
prodromal symptoms.

Healthcare Providers’ Viewpoint

Although awareness about the prevalence of THD among
women has improved in recent years, many healthcare pro-
viders still view it primarily as a man’s disease or one that
affects older women after menopause, and others are uncer-
tain even when they correctly diagnose THD.?'5!7 This uncer-
tainty often results in less aggressive or less timely treatment
for women with possible IHD. In fact, research shows that
women are consistently treated less intensely than men before
and after the diagnosis of IHD in the United States and other
countries.?!?2! There are many reasons for this such as bias
and lack of education related to the nontraditional symptom
presentation often described by women to their healthcare
providers. For instance, many clinicians do not entertain IHD
as a diagnosis when a woman complains of fatigue or short-
ness of breath. In addition, many-women who undergo coro-
nary angiography atre negative for obstruction. In fact, among
women who present with “chest'Symptoms,” only #50% have
obstructive THD.»¢ This procedure is not without risk and
expense, and clinicians may be reluctant to offer it for women
who are typically older at the time of diagnosis of IHD. The
diagnosis of IHD may be missed or delayed when coronary
angiography is not performed in a timely manner.

Symptoms/Presentation

Women’s decision to seek care for possible IHD is directly
related to their symptoms. Research shows that women are
less likely to experience chest pain than men,*? but the major-
ity experience prodromal symptoms such as shortness of
breath or unusual fatigue for weeks or even months before
an acute cardiac event. McSweeney et al’>® have published
a series of studies identifying US women’s most frequently
reported prodromal symptoms (Table 4) and racial/ethnic dif-
ferences in these symptoms.

A study in Korea reported that 145 of 271 women experi-
enced prodromal symptoms before their first AMI.?'! The most
common reported prodromal symptoms were chest symptoms
(34.5%), indigestion (19.3%), shortness of breath (9.7%), and
fatigue (8.3%). Almost 64% of those who experienced fatigue
or weakness and =38% of those who experienced chest or
epigastric symptoms recognized that something was wrong
but either did not think it was serious or attributed it to their
age or other comorbidities. Only 40% of the women with pro-
dromal symptoms visited a clinic or hospital for those early
symptoms.

A prospective, longitudinal study conducted in the United
States with 1097 women indicated 4 prodromal symptoms

that were significantly associated with an increased risk of
experiencing a cardiac event®'?: discomfort in the jaw/teeth,
unusual fatigue, discomfort in the arms, and shortness of
breath.?"> Additionally, women reporting =1 of these prodro-
mal symptoms were 4 times more likely to experience a car-
diac event within the 2-year follow-up.?'> Recognition of these
prodromal symptoms by women and healthcare providers
could improve the diagnosis of IHD and thus promote timely
treatment to prevent/delay progression to AMI.

Recognition of Symptoms as Cardiac

Women may have difficulty identifying prodromal symptoms
as cardiac because they may not experience chest pain, the
most publicized symptom of heart disease. A meta-analysis
of 26 studies examining sex differences in IHD symptom pre-
sentation reported that women with AMI had lower odds of
presenting with chest pain than men (odds ratio, 0.63; 95%
CI, 0.59-0.68).%>* Instead, women were more likely to pres-
ent with fatigue, nausea, neck pain, right arm pain, jaw pain,
dizziness, and syncope than men. Other differences were that
women were older than men at symptom presentation by a
mean of 6.58 years (95% CI, 5.42-7.74) and that women were
more likely to have a history of congestive heart failure than
men (relative risk, 1.64; 95% CI, 1.44-1.88).

Two qualitative studies examined, women’s recognition
of IHD symptoms. One study included'9 women (4 black, 5
white) with recently diagnosed IHD who were interviewed
within 2 weeks after hospital discharge.?” Five of the 9 women
experienced atypical symptoms of IHD and had difficulty
identifying the cause of the symptoms. The women reported a
lack of acute symptoms and did not initially realize the need
to seek care. Four of the women had what they recognized as
IHD symptoms. All women tried to identify a symptom pat-
tern, and only when they were able to do so did they recognize
their symptoms as cardiac in nature.

A descriptive study using vignettes in Lima, Peru, exam-
ined sex differences in health care—seeking behavior for AMI
(n=90; 54.4% women).?'* Women in this sample were 4 times
less likely than men to identify chest pain as a symptom of
IHD in the vignette labeled typical chest pain after adjust-
ment for demographic variables (odds ratio, 0.23; 95% CI,
0.063-0.87). After watching the same vignette, women were
more likely to respond that a man would seek help (odds ratio,
4.54; 95% CI, 1.21-16.90) and that a woman would be less
likely to seek help (odds ratio, 3.26; 95% CI, 1.13-9.41 after
adjustment). Both of these studies demonstrate that women
may be reluctant to attribute symptoms to heart disease even
when they experience typical chest symptoms.

Women also underestimate their risk of IHD,?*° which can
influence their decision to seek care. Most women still view
IHD as a man’s disease and perceive breast cancer as a greater
health threat for them than IHD. One integrative review
found that lack of communication between women and their
healthcare providers about the risk of IHD contributes to this
misunderstanding.?%

Delay in Seeking Treatment

Obtaining timely treatment for AMI is crucial for survival and
optimal clinical outcomes, yet women continue to delay lon-
ger than men.?”’ Delay is defined as the time between symptom
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Table 4. Significant Differences in Frequency of Women’s Prodromal Symptoms by Race

Black (n=545), Hispanic (n=186), White (n=539), Raw Adjusted
n (%) n (%) n (%) Pvalue PValue
Generalized symptoms
Unusual fatigue 421 (77.2) 124 (66.7) 385 (71.4) 0.009 0.174
Anxious 27 (51.2) 95 (51.1)* 199 (36.9)t <0.001 <0.001
Frequent indigestion 235 (43.1)* 50 (26.9)t 209 (38.8)* <0.001 0.004
Heart racing 233 (42.8) 68 (36.6)*1 153 (28.4)t <0.001 <0.001
New vision problems 217 (39.8) 43 (23.1)t 132 (24.5)t <0.001 <0.001
Change in thinking or 202 (37.1)* 60 (32.3)*t 135 (25.0)1 0.001 0.001
remembering
Loss of appetite 183 (33.6) 50 (26.9)*t 124 (23.0)f <0.001 0.006
Difficulty breathing at 182 (33.4) 38 (20.4)*t 107 (19.9)f <0.001 <0.001
night
Tingling in hands/arms 172 (31.6) 47 (25.3) 125 (23.2) 0.007 0.064
Numbness or burning in 171 (31.4) 45 (24.2) )*t 104 (19.3)f <0.001 <0.001
hands/fingers
Cough 147 (27.0* 59 (31.7)* 98 (18.2)t <0.001 <0.001
Increased frequency of 109 (20.0) 29 (15.6) 68 (12.6) 0.005 0.055
headaches
Increased intensity of 91 (16.7)* 36 (19.4)* 48 (8.9t <0.001 «0.001
headaches
Discomfort/pain symptoms

Centered high in chest 102 (18.7)*t 46 (24.7)* 76 (14.1)t 0.004 0.004
Leg(s) 61 (11.2)* 29 (15.6)* 22 (4.1)t <0.001 <0.001
Both arms 30/(5.5) 24 (12.9) 33(6.1) 0.003 0.014
Right arm or shoulder 24 (4.4t 6 (8.6) 13(2.4)t 0.002 0.004
Jaw/teeth 17 3.t 20 (10.8)*t 23 (4.3)t <0.001 0.001

Values with the same symbols indicate nonsignificant post hoc differences. Bonferroni adjusted (P<0.003). Republished with
permission of the American Association of Critical-Care Nurses from McSweeney et al.??* Copyright © 2010, American Association of
Critical-Care Nurses. Permission conveyed through Copyright Clearance Center, Inc.

onset and accessing health care for those symptoms, referred decision trajectories that women used when responding to
to here as treatment-seeking delay. This difference is often AMI symptoms: knowing (knowing almost immediately that
attributed to the difference in symptoms or women’s interpre- they would seek help) and managing (treating an alternative
tation of symptoms compared with men. Although much suc- hypothesis or minimizing their symptoms). Davis et al*®®
cess has been achieved in reducing the components of delay described a process that women went through when making
once a patient enters the healthcare system, little has changed decisions about seeking care. This process included noticing
in treatment-seeking delay times for women. This behavior is symptoms, forming a symptom pattern, using a frame of ref-
universal across cultures, including women in Saudi Arabia,?® erence, finding relief, and assigning causality. Some women
China,”” Brazil,”’ and Norway,”' and across racial groups, who were uncertain delayed seeking care, whereas others who
including black women.?*?> Recent studies continue to demon- were certain also delayed seeking care.
strate that treatment-seeking delay is associated with worse Women who report prodromal symptoms often experi-
outcomes.’* Clearly, new methods to educate women are ence the same symptoms during an acute event.?'> Prodromal
urgently needed to assist women to recognize symptoms ear- symptoms by definition are intermittent and resolve sponta-
lier and to immediately seek medical assistance. neously.?? In a recent study comparing prodromal and acute
Numerous studies have attempted to elicit causes of why symptoms in women, >50% reported experiencing the same
women delay seeking treatment longer than men. Many prodromal and acute symptoms.*® Two of the symptoms from
attribute this to misinterpretation of symptoms by women®* this study had >80% agreement: chest pain/discomfort and
or their providers,” as well as differences in symptoms.>* shortness of breath.?”® Additionally, the prodromal and acute
Qualitative studies have helped to elucidate the types and symptom of weak and heavy arms had >65% agreement.”*
reasons for women’s symptom behaviors during the treat- These women may delay seeking treatment until they deter-
ment-seeking delay time. Rosenfeld et al*” described 2 main mine that symptoms are unrelenting.??
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The state of the science of intervention research to
decrease delay has been disappointing. Neither the Rapid
Early Action for Coronary Treatment (REACT) study®® of a
community-level intervention nor An Intervention to Reduce
Prehospital Delay to Treatment in Acute Coronary Syndrome
(PROMOTION)?* trial of an individual intervention for both
men and women resulted in a decrease in delay time. No effec-
tive interventions have been tested for women.

Differences in IHD Pattern (Obstructive Versus
Nonobstructive)

Initially, women who did not fit the classic (or male) pattern
of IHD were diagnosed with cardiac syndrome X, which has
a female predominance of =70%.** Cardiac syndrome X is
defined as the triad pattern of chest pain, abnormal stress
test consistent with ischemia, and the absence of significant
obstructive THD on angiography.”*' In stable THD, women
are 5 times more likely to be diagnosed with normal coro-
nary arteries than men.>*? Recent data from the Dallas Heart
Study demonstrated that angina in the general population is
not associated with subclinical atherosclerosis as measured by
coronary artery calcification scores on cardiac electron beam
computed tomography.>* Normal to nonobstructive IHD is
twice as likely in women who present with ACS, unstable
angina, non—-ST-segment—elevation myocardial infarction, or
ST-segment—elevation myocardial infarction compared with
men.**2* Several paradoxes are identified in women: Despite
lower rates of obstructive disease, less extensive IHD, and
decreased incidence of AMI compared with men, women tend
to have increased prevalence of angina, higher rates of myo-
cardial ischemia, and more adverse cardiac events (rehospital-
ization and death),!0.243-248

The current characterization of angina (typical chest pain)is
based largely on data in men; this definition has been general-
ized to women as well. However, sex differences exist in terms
of the type, pattern, and quality of symptoms.** Until recently,
the diagnosis and treatment of IHD in women have largely cen-
tered on whether their symptoms fit the typical angina defini-
tion and pattern. Regardless of sex disparities in symptoms on
presentation to the emergency room, typical angina symptoms
in women are predictive of AMI and warrant further investi-
gation.”® Data from 69 AMI/ACS studies that assessed IHD
symptoms indicated that women frequently present with typical
angina, but when atypical symptoms are present, the prevalence
of these symptoms is higher in women than men.*' Higher rates
of atypical chest pain in women may be explained partly by the
increased prevalence of ischemia from vasospastic and micro-
vascular disease in women. Additionally, women experience
angina during periods of mental stress or rest, whereas angina
in men is most frequently related to exertion.”*

There appears to be an interaction with age and symptom
presentation in patients hospitalized for chest pain. Older
women often present similarly to men with typical angina pat-
terns, and rates of ACS are similar between the sexes. Younger
women (<65 years of age) are more likely to be discharged
with a diagnosis of unstable angina compared with a similar
age-matched cohort of men. Regardless of age, women have
less atherosclerotic burden compared with men, which may
contribute to these differences.??

In a study by McSweeney et al**® of 1270 ethnically
diverse women, 545 black (43%), 186 Hispanic (15%), and
539 white (42%), the most frequent prodromal symptom
among all women was unusual fatigue (73%). The other most
commonly reported prodromal symptoms among all women
were sleep disturbances (50%), anxiety (45%), shortness of
breath (44.5%), and frequent indigestion (38.9%).*** Chest
discomfort/pain was reported by only 37.7% of women in the
prodromal period.””® During the acute phase of AMI, short-
ness of breath was reported most often (62.8%), then weak-
ness (54.9%), unusual fatigue (48.3%), dizziness (44%), and
cold sweat (40%).?>> When 4 locations of chest discomfort/
pain were combined, chest discomfort/pain was frequently
reported during the AMI. When women reported chest dis-
comfort/pain, they frequently used terms other than pain to
describe their symptoms: pressure (44.8%), tightness (28.9%),
ache (28.5%), sharpness (27.7%), fullness (14.7%), burning
(10.5%), crushing (8.9%), spasm (8.5%), soreness (8.1%),
and tingling (7.3%).>'> Importantly, 42% of whites, 38% of
blacks, and 28% of Hispanics did not report any chest discom-
fort/pain when experiencing their AMI** (Table 5 gives wom-
en’s acute symptoms that were significantly different by race).
Thus, there is research to support both differences**>*?* and
similarities®’ in symptoms of IHD in men and women.

Women report angina more frequently than men despite
women having lower rates of obstructive THD.!® Interestingly,
in the WISE study, >50% of women with angina were found
to have no IHD or minimal IHD on coronary angiography.>*
In patients without obstructive IHD, women with persistent
chestpain had worse cardiac.outcomes compared with asymp-
tomatic women,>’ including higher rates of repeat hospitaliza-
tion and repeat coronary angiography, which in turn results in
higher‘healthcare resource.consumption.*’ Additionally, those
women from the WISE study who had persistent chest pain
despite no obstructive THD had higher mortality rates than
asymptomatic women. This highlights the importance of rec-
ognizing and treating the signs and symptoms of ischemia in
patients without obstructive IHD because ongoing ischemia
is not a benign entity and places these women at increased
CVD risk. Equally important, lack of chest pain as a present-
ing symptom of AMI contributes to missed diagnoses and is
associated with higher in-hospital mortality rates.??>25

Subsequent researchers have since identified a subset of
patients with cardiac syndrome X who have microvascular
angina, also called female pattern of IHD.*?° There are sev-
eral features of microvascular angina or the female pattern of
IHD: angina, abnormal stress testing indicative of ischemia,
no obstructive IHD on angiography, and abnormal coronary
microcirculation dysfunction.?®® Microvascular angina can be
secondary to endothelium-dependent or -independent micro-
vascular coronary dysfunction, which can be detected on cor-
onary angiography.*2¢°

The WISE study was instrumental to our current under-
standing of IHD in women, and subsequent ancillary studies
will provide more insight.**! More than half of the patients
in this study cohort had no or minimal IHD, and persistent
chest pain despite no obstructive IHD was associated with
worse prognosis (increased rehospitalization, revasculariza-
tion, death).67262 Microvascular angina is neither benign
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Table 5. Significant Differences in Frequency of Women’s Acute Symptoms by Race

Black (n=545), | Hispanic (n=186), | White (n=539), Raw Adjusted
n (%) n (%) n (%) PValue PValue
Generalized symptoms
Unusual fatigue 277 (50.8)*t 109 (58.6)* 227 (42.1)t <0.001 0.003
Dizzy or faint 269 (49.4) 76 (40.9) 214 (39.7) 0.004 0.028
Hot, flushed 252 (46.2)* 51 (27.4)t 173 (32.1)1 <0.001 <0.001
Indigestion 224 (41.1) 48 (25.8)t 154 (28.6)1 <0.001 <0.001
Heart racing 194 (35.6)* 67 (36.0)*f 125 (23.2)1 <0.001 0.005
Numbness in hands/fingers 149 (27.3) 26.9)"t 97 (18.0)t <0.001 0.007
Vomiting 149 (27.3)* 2 (22.6)t 101 (18.7)t 0.004 0.014
Loss of appetite 145 (26.6) 3(28.5) 106 (19.7) 0.008 0.076
New vision problems 145 (26.6)* 7 (19.9% 77 (14.3)t <0.001 <0.001
Headache 125 (22.9*t 0 (26.9)* 80 (14.8)t <0.001 0.005
Coughing 89 (16.3)* 6 (19.4)* 52 (9.6)t <0.001 0.002
Choking sensation 83(15.2) 4(18.3) 50 (9.3) 0.001 0.016
Discomfort/pain symptoms
Centered high in chest 177 (32.5)1 87 (46.8)* 166 (30.8) <0.001 <0.001
Left breast 133 (24.4) 44 (23.7)t 73 (13.5)t <0.001 <0.001
Back/between shoulder 84 (15.4)% 70 (37.6)* 112 (20.8) <0.001 <0.001
blades
Neck/throat 71 (13.0)t 44 (23.7) 87 (16.1)t 0.003 0.001
Generalized-chest 70 (12.8)t 41422.0)*t 110 (20.4)* 0.001 0.003
Leg(s) 40.(7.3)* 27 (14.5)* 9(1.7 <0.001 <0.001
Both arms 38 (7.0t 34 (18.3)* 77 (14.3)* <0.001 <0.001
Top of shoulders 36 (6:6)1 33(17.7)% 57 (10.6)*t <0.001 <0.001
Right arm or shoulder 34 (6.2)1 24 (12.9)* 25 (4.6)1 <0.001 0.001
Jaw/teeth 26 (4.9)% 36 (19.4)* 54 (10.0)t <0.001 <0.001

Values with same symbols indicate nonsignificant post hoc difference. Bonferroni adjusted (P<0.003). Republished with permission
of the American Association of Critical-Care Nurses from McSweeney et al.??® Copyright © 2010, American Association of Critical-Care
Nurses. Permission conveyed through Copyright Clearance Center, Inc.

nor inexpensive. Care of the symptomatic female with nonob-
structive IHD is costly and places an economic burden on the
healthcare system.*” The pathophysiology, presentation, eval-
uation, and treatment of microvascular angina are complex
and challenging. Further research is needed to help clarify
many unanswered questions about this entity.

Disparities in Guideline-Based Diagnosis of IHD

When the Bayes theorem is used to assess myocardial isch-
emia, the pretest likelihood of angiographic IHD in symp-
tomatic women is lower than in men, regardless of typical or
atypical symptoms.’®®* Women are less likely to be assessed for
cardiac symptoms, but when assessment is performed, sex-
based differences exist. Exercise ECG is the first-line diagnos-
tic tool to evaluate for IHD in symptomatic women who have
anormal resting ECG, an intermediate pretest probability, and
an ability to perform maximal exercise.”** The sensitivity and
specificity for the detection of obstructive IHD with exercise
ECG are lower in women than in men, but the negative predic-
tive value of the exercise ECG is very high.?5?% The reduced

accuracy in women is related to increased functional impair-
ment that inhibits women in achieving maximal levels of exer-
cise, lower QRS voltage, and hormonal factors (endogenous
estrogen in younger women and HRT in postmenopausal
women).?42672% The Duke treadmill score provides additional
diagnostic and prognostic information in women undergoing
evaluation for IHD.?”

The addition of cardiac imaging to assess for stress-induced
wall motion or myocardial perfusion abnormalities supports the
evaluation of IHD in women with an abnormal resting ECG,
diabetes mellitus, questionable functional capacity, or inter-
mediate-risk treadmill findings.** In women, stress echocar-
diography provides better specificity and diagnostic accuracy
than standard exercise electrocardiography.?>>"! The diagnostic
accuracy of exercise and dobutamine echocardiography appears
to be comparable in women and men (ie, sex-neutral accu-
racy).”* Prognostic information with stress echocardiography
is also similar between men and women.”>*"

Stress gated myocardial perfusion single-photon emission
computed tomography with contemporary nuclear imaging
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agents provides high specificity and diagnostic accuracy?’+>7

and high prognostic accuracy regardless of sex.””” In patients
with left bundle-branch block, pharmacological nuclear
stress testing is more accurate than exercise perfusion imag-
ing, regardless of sex.?”® Challenges of single-photon emis-
sion computed tomography imaging in women include breast
attenuation artifact and possible unobserved minor perfusion
defects in women with smaller hearts, in addition to radia-
tion exposure.?”” The labeling of false-positive stress tests in
women with nonobstructive IHD on angiography should be
avoided if there are any objective signs or symptoms of isch-
emia during the stress portion of the test.

Only a few specialized centers currently perform stress
magnetic resonance imaging to assess for subendocardial
ischemia or wall motion abnormalities in the evaluation of
IHD.?2! Stress magnetic resonance demonstrated diffuse
subendocardial perfusion defects in patient with cardiac syn-
drome X.?*° In the WISE study,'*” phosphorus-31 nuclear
magnetic resonance spectroscopy identified women with met-
abolic myocardial ischemia, which also provided important
prognostic information.’>?%? Stress cardiac magnetic reso-
nance imaging is a relatively newer imaging test. The hope is
that with further research it will provide promising diagnostic
and prognostic data for IHD.

Even after an appropriate diagnosis of IHD, disparities
exist in the treatment of IHD in women despite guidelines for
CVD prevention designed specifically for women.'”® With the
use of the AHA’s Get With The Guidelines—Coronary Artery
Disease Database, it-has been demonstrated that after mul-
tivariate analysis there are no sex differences in in-hospital
mortality in all AMI patients; however, sex differences exist
in patients with ST-segment—elevation myocardial infarction.
In this large cohort of >78000 patients, women were.less
likely to receive aspirin or [3-blocker therapy within 24 hours
compared with men. Women were also less likely to undergo
invasive procedures, and when acute reperfusion therapy was
provided, women were less likely to be treated in a timely
fashion compared with men.?®* Additionally, younger women
demonstrated decreased quality of care and increased in-hos-
pital mortality compared with young men.?*

Disparities also exist in regard to physician adherence
to evidence-based guidelines in the treatment of CVD at the
time of hospital discharge. Prescribing patterns have shown
that women are less likely to be prescribed lipid-lowering
medications, antiplatelet agents, and [-blockers at the time
of hospital discharge than men.?52%8 Hospitals participating
in AHA’s Get With The Guidelines—Coronary Artery Disease
program have had increased rates of guideline adherence over
a 5-year period regardless of sex and age.” This demonstrates
the powerful impact that quality-improvement projects can
have on adherence, yet more data are necessary to determine
whether they will affect clinical outcomes.

Emotional/Affective Response and Behavior Change
When women receive a diagnosis of IHD or AMI, they often
express disbelief. Even when women are able to identify com-
mon CVD risk factors, they often do not personalize this infor-
mation, meaning that they do not perceive themselves at risk
even though they have multiple risk factors.??® An integrative

review of the literature supported these findings, in particu-
lar that women underestimate their cardiovascular risks and
that communication between the female patient and physi-
cian is less than therapeutic. These perceptions can influence
a patient’s decision-making process related to making healthy
behavior changes and seeking health care.”” Thanavaro et
al*®° examined the best predictors of risk-reducing and health-
promoting behaviors among women without a prior history
of CHD in a cross-sectional study of 119 women. Results
indicated that women had low levels of knowledge related to
IHD and did not regularly practice health-promoting behav-
iors, although they perceived that benefits to these behaviors
were good. Those who were more likely to engage in health-
ful behaviors perceived fewer barriers to reducing risk of IHD
and had greater knowledge of IHD and a negative history for
smoking.

Moore et al®' used qualitative methods to examine per-
ceptions of risk for IHD and perceptions of risk-reducing
behaviors among 7 women with known CVD. Three major
themes emerged from the data: that an absence of symptoms
was interpreted as an absence of disease, that women desired
a relationship with their physician in which they could have
an open discussion, and an expressed fear of the effects of the
disease on their daily lives and relationships. To further elabo-
rate on the 3 themes, the women did ot interpret their IHD as
a chronic disease but rather one that'was corrected by the acute
intervention and thus did not necessitate a change in behavior
to reduce their risk of a recurrent event. They did not see their
patient-provider relationship as one that fostered dialogue
with.the physician and reported that there was no discussion
of risk reduction. This lack of discussion about risk reduction
supported the women’s ideas that behavior changes were not
necessary. The-fear the women expressed was manifested in
various ways. One woman expressed fear about unknown dan-
gerous changes occurring in her heart, whereas others feared
the effects of IHD on their relationships. One woman reported
that being diagnosed with IHD served as a motivator for her to
make behavior changes, targeting her specific risks.

Other studies have linked specific personal CVD risk
factors with behavior change in women. Murphy and col-
leagues®? conducted studies among 239 women after AMI
and monitored self-initiated changes in diet. Using the Short
Fat Questionnaire, they demonstrated over 4 time points that
the women significantly reduced their dietary fat intake, and
although there was some regression over the subsequent
months, the 12-month score remained significantly lower than
at baseline. In addition, the scores were lower than the scores
of a randomly selected sample of healthy women and older
adults in the same time period.

Although the Murphy et al*? study was conducted in
Australia and revealed positive self-initiated behavior changes
in post-AMI women’s diets, increasing physical activity is
often a more problematic self-initiated behavior change before
or after AMI. Adults in several countries have received and
adopted the low-fat diet message to some extent****; however,
<50% of adults in the United States are physically active at the
recommended level.? Mozumdar and colleagues®® examined
the relationship of occupational and leisure physical activity
with THD risk among working women. They did not find a
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relationship between IHD risk and occupational physical activ-
ity, but they reported a greater prevalence of high risk for IHD
among those with low levels of leisure-time physical activity.
This study was conducted in India, a country where there may
be more physically demanding occupations for women com-
pared with the United States. Thus, these reported relationships
might not be the same among women in the United States.

An area where attention is needed for both primary and
secondary prevention of IHD is medication adherence, par-
ticularly for the control of hypertension and dyslipidemia.
Moss and Crane®’ studied the financial burden of cardiac
medications among older women after AMI. Results of the
cross-sectional study revealed that 89% of a sample of 83
were taking at least 1 cardiac medication, that costs per day
varied ($0.13-$6.75), and that the total number of pills taken
per day was between 1 and 19. Providers need to be sensitive
to the financial burden of medications to enhance adherence.
Other factors that contribute to nonadherence are frequency
of medications and perceived and actual side effects. Still
other studies have shown that medication frequency may be
related to low adherence rates and recommend that providers
consider daily dosing formulas to increase medication adher-
ence.”®? Multiple medications (polypharmacy) prescribed to
patients and the increased accompanying cost are associated
with decreased adherence.’® Other reasons for nonadherence
to medication are that the patient chooses to make lifestyle
changes instead of taking prescribed preventive medications
and previous experience with CVD.*" Increased income and
education levels have'been'well established as associated with
increased compliance rates. Inversely, lower socioeconomic
status and education levels are associated’ with decreased
compliance levels. Adherence is a multifactorial concern that
requires assessment of.the-patient’s abilities and willingness
to participate in the plan of care.

Explanations for the Unique
Experience: The Role of Sex

Clinician Behavior as a Source of Gender/Sex
Disparities

The Institute of Medicine’s Unequal Treatment report defines
disparities as differences in treatment that remain after account-
ing for patient characteristics, including clinically appropriate
needs, the demands of coexisting conditions, and patient pref-
302303 Determinants of residual gender/sex disparities
include health system and clinician factors.**> From the clini-
cian perspective, greater clinical uncertainty when interacting
with female patients, beliefs or stereotypes about the behavior or
health of female patients, and bias or prejudice toward women
have all been proposed as potential contributors to health dis-
parities.*!° Physician uncertainty about a CVD diagnosis has
been shown to vary by patient sex and to influence clinical deci-
sions.?>217311 Tndirect evidence also indicates that healthcare
clinicians’ interpretation of symptoms is influenced by patient
demographics, including sex/gender.>'>>"* For example, physi-
cians are more likely to interpret a man’s symptoms as organic
and a woman’s symptoms as psychosocial.?!>3!> Importantly,
clinicians’ beliefs about a patient may directly influence their
clinical decision making. Clinician sex/gender bias has been
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commonly inferred when sex/gender differences in care per-
sist after adjustment for different patient, clinician, and health
system characteristics.!®3!37 For example, Schulman et al*'®
demonstrated that physicians were less likely to refer hypo-
thetical female than male patients with the same symptoms and
stress test results for cardiac angiography. Although these stud-
ies indirectly suggest that clinician gender/sex bias explains the
observed variation in clinician recommendations, to the best of
our knowledge, no studies have directly measured clinician
gender/sex beliefs and the extent to which these attitudes are
associated with clinical decisions.

Explicit (conscious) stereotypes about the traits that women
and men possess are common. Women are traditionally felt to
be more selfless and concerned with others, and men are viewed
as being self-assertive and motivated to master.*'*2! The unjust
application of these stereotypes, or gender bias, is also felt to be
common and primarily implicit.>'*31322 As its name suggests,
implicit gender bias is less intentional, even unconscious, and
it operates in a relatively automatic manner.*'*3**32* Clinicians
are not immune to bias; levels of implicit bias among clinicians
toward different groups have been shown to be similar to those
seen in the general population.’>-33° Tools have been developed
in other fields that measure explicit gender attitudes such as the
Trait Stereotype measure and implicit gender attitudes such
as the Implicit Association Test3*“*** These tools have been
widely used to explain gender differences-in social outcomes,
including hiring decisions, job promotions, and performance
evaluations, but they have less widely been applied to the study
of healthcare disparities.**>* A few studies have used these
tools among ¢linicians to examine the role of race and ethnicity
bias in clinical decisions and outcomes.***3* Further work is
needed to understand whether clinician gender/sex attitudes and
bias play a'role.in treatment.decisions and potentially contribute
to disparities in care of women.

As discussed earlier, many other factors may make it more
difficult to diagnose IHD in women. Lack of appropriate
risk assessment tools that do not incorporate women’s novel
risk factors and vague intermittent symptoms compound the
diagnostic problem. Furthermore, women’s terms to describe
symptoms such as chest pressure or burning or fatigue may
not match the provider’s expectations of IHD symptoms. In
addition, because women are often older at the time of initial
IHD diagnosis, they frequently have other comorbid condi-
tions, confounding the diagnosis. Even when providers sus-
pect IHD in women, many diagnostic tools are not as sensitive
and specific in women. Combined, these factors make diag-
nosing IHD in women challenging. Studies cited in this docu-
ment should assist clinicians in recognizing IHD in women.

Gaps in Science of IHD in Women
Although there is clear evidence that women experience IHD
differently from men because of both sex and gender differ-
ences, significant gaps in scientific knowledge of the risks,
mechanisms, assessment, interventions, and symptoms for
women with THD remain.

Risks, Mechanisms, and Assessment
The reasons for women’s worse outcomes are likely
multifactorial, and studies are needed that incorporate
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comprehensive theoretical frameworks. Inadequate informa-
tion is available about hypertension across the life span in
women. Whether the presence of estrogens protects young
women from hypertension or loss of estrogens promotes
coronary disease is unclear. Additionally, data are needed
to explain why hypertension in aging women differs from
that in men. Exciting findings about emerging risk factors
for heart disease in women are emerging, but the precise
use of biomarkers such as hs-CRP and other novel risk fac-
tors needs further study. Commonly used risk scores may
not be as sensitive for women; thus, clinicians may not have
adequate knowledge to accurately assess women’s risks.
Furthermore, the existence of clinician gender bias and its
influence on clinicians’ decisions are not fully understood.
Significant gaps in our understanding of the pathophysiol-
ogy, presentation, evaluation, and treatment of microvascu-
lar angina exist, despite that fact that this is a predominantly
female phenomenon. The impact of the use of sex-specific
troponin cutoff values on diagnostic accuracy for women is
a crucial question.

Interventions

Women, particularly younger women, receive less evidence-
based care for ST-segment—elevation myocardial infarction
than men.?*? Many studies show that women do not benefit
as much as men in intervention trials related to depression,
physical activity, cardiac rehabilitation, diabetes mellitus,
treatment-seeking delay, and other outcomes. Interventions
developed for women only are more effective,'! and thus,
more trials are needed to test interventions tailored for women
with THD. Interventions targeted to specific racial and eth-
nic groups of women also are needed. Regardless, interven-
tions that have proven beneficial in women need to be offered
to all women for both primary and secondary prevention.
Population-based interventions focused on women for primor-
dial prevention of risk factors are needed.

Symptoms

There is strong evidence about the typical and atypical symp-
toms that women experience. The precise mechanisms for
those symptoms are not fully understood. Identification of
symptom phenotypes in women is needed.

Future Directions
Although tremendous progress has been made in building the
science of how women experience IHD, much remains to be
done to translate the science into practice and education and to
continue to expand the science.

Practice

® Increased education for providers and women on emerg-
ing risks for IHD and routine assessment of individual
risk of IHD

® Routine assessment of sex-specific risks for IHD in
screening, history, and physical examination by all pri-
mary care providers and gynecologists

® Population health approaches to decreasing women’s
and girls’ risks

® Assessment of risk factors for IHD and ways to reduce
risk as part of every clinic visit for women

Research

® Powering clinical trials to allow analysis by sex/gender
and reporting of sex-specific differences

® Encouraging the use of common data elements to allow
data sharing across studies and analysis of treatment
effects by sex with big data sets

® Broadening inclusion criteria that focus on IHD symp-
toms to include more than chest pain

¢ Testing interventions tailored for women and women of
different ethnicities, in particular cardiac rehabilitation
programs designed to increase women’s participation
and completion

® Using community-based participatory research methods
to develop culturally sensitive approaches to meeting the
needs of underserved populations of women

Policy

® Research funding targeted to improying the evidence for
guidelines for the prevention of IHD in women

¢ Randomized; clinical-trials of the-diagnosis, treatment,
and.outcomes-of IHD.in.women. with nonobstructive
coronary artery disease

* Interventions to identify and eliminate sex bias in treat-
ment and the use of clinical guidelines

® Devise measures to assess the effectiveness of guidelines
for the prevention, diagnosis, and treatment of women
with or at risk for IHD

Public Health Education

® Improved methods to disseminate information about
women’s risk, symptoms, and behaviors and necessary
responses to symptoms of ischemia

Acknowledgment

We wish to acknowledge Brittany Beasley, BSN, RN, who assisted in
the preparation of this document.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

McSweeney et al Preventing and Experiencing IHD as a Woman 19

Disclosures
Writing Group Disclosures
Other Speakers’ Consultant/
Writing Group Research Research Bureau/ Expert | Ownership Advisory
Member Employment Grant Support Honoraria Witness Interest Board Other
Jean C. McSweeney University of Arkansas None None None None None None None
for Medical Sciences
Anne G. Rosenfeld University of Arizona None None None None None None None
College of Nursing
Willie M. Abel University of North Carolina at None None None None None None None
Charlotte School of Nursing
Lynne T. Braun Rush University Medical Center None None Practice Point* None None UpToDate* None
Lora E. Burke University of Pittsburgh NIHt None None None None None None
Stacie L. Daugherty University of Colorado NHLBIt None None None None None None
School of Medicine
Gerald F. Fletcher Mayo Clinic None None None None None None None
Martha Gulati Ohio State University None None None None None None None
Medical Center
Laxmi S. Mehta The Ohio State University None None None None None None None
Christina Pettey University of Arkansas None None None None None None None
for Medical Sciences
Jane F. Reckelhoff University of Mississippi NIH (Pl RO1)T; None None None None None None
Medical Center NIH (PI-PO1
project)t

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10000
or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.

1Significant.

Reviewer Disclosures

Other Speakers’ Consultant/
Research Research Bureau/ Expert Ownership Advisory
Reviewer Employment Grant Support Honoraria Witness Interest Board Other
Mary Ann Bauman INTEGRIS None None None None None Medical Economics None
Health, Inc. editorial board*

Theresa M. Beckie University of None None None None None None None

South Florida
Laura L. Hayman University of None None None None None None None

Massachusetts

Boston

Abha Khandelwal Stanford University None None None None None None None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10000 or more during
any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $10000 or more
of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

20

10.

11.

12.

. Mosca L, Barrett-Connor

Circulation March 29, 2016

References

. Wizemann TM, Pardur ML. Exploring the Biological Contributions to

Human Health: Does Sex Matter? Washington, DC: National Academies
Press;2001.

. McGregor AJ, Templeton K, Kleinman MR, Jenkins MR. Advancing sex

and gender competency in medicine: Sex & Gender Women’s Health
Collaborative. Biol Sex Differ. 2013;4:11. doi: 10.1186/2042-6410-4-11.

. Allen J, Szanton S. Gender, ethnicity, and cardiovascular disease.

J Cardiovasc Nurs. 2005;20:1-6; quiz 7-8.

. Deleted in proof.
. Sharaf B, Wood T, Shaw L, Johnson BD, Kelsey S, Anderson RD, Pepine

CJ, Bairey Merz CN. Adverse outcomes among women presenting with
signs and symptoms of ischemia and no obstructive coronary artery
disease: findings from the National Heart, Lung, and Blood Institute-
sponsored Women’s Ischemia Syndrome Evaluation (WISE) angio-
graphic core laboratory. Am Heart J. 2013;166:134—141. doi: 10.1016/j.
ahj.2013.04.002.

. Jespersen L, Hvelplund A, Abildstrgm SZ, Pedersen F, Galatius S, Madsen

JK, Jgrgensen E, Kelbak H, Prescott E. Stable angina pectoris with no
obstructive coronary artery disease is associated with increased risks of
major adverse cardiovascular events. Eur Heart J. 2012;33:734-744. doi:
10.1093/eurheartj/ehr331.

. Dickerson JA, Nagaraja HN, Raman SV. Gender-related differences

in coronary artery dimensions: a volumetric analysis. Clin Cardiol.
2010;33:E44-E49. doi: 10.1002/clc.20509.

. Finks S. Cardiovascular disease in women. In: Pharmacotherapy Self-

Assessment Program, Seventh Edition (PSAP-VII), Book 1 (Cardiology).
Lenexa, KS: American College of Clinical Pharmacy; 2010:182.

. Shehab A, Al-Dabbagh B, AlHabib KF, Alsheikh-Ali AA, Almahmeed

W, Sulaiman K, Al-Motarreb A, Nagelkerke N, Al Suwaidi J, Hersi A, Al
Faleh H, Asaad N, Al Saif S, Amin H. Gender disparities in the presen-
tation, management and outcomes of acute coronary syndrome patients:
data from the 2nd Gulf Registry of Acute Coronary Events (Gulf RACE-
2). PLoS One. 2013;8:¢55508. doi: 10.1371/journal.pone.0055508.

Shaw LJ, Shaw RE, Merz CN, Brindis RG, Klein LW, Nallamothu B,
Douglas PS, Krone RJ, MeKay CR, Block PC, Hewitt K, Weintraub WS,
Peterson ED; American College of Cardiology-National Cardiovascular
Data Registry Investigators. Impact of ethnicity and gender differences
on angiographic c¢oronary artery disease prevalence and in-hospital mor-
tality in the American College of Cardiology-National Cardiovascular
Data Registry. Circulation. / 2008;117:1787-1801.  doi: 10.1161/
CIRCULATIONAHA.107:726562.

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M,
de Ferranti S, Després JP, Fullerton HJ, Howard VJ, Huffman MD, Judd
SE, Kissela BM, Lackland DT, Lichtman JH, Lisabeth LD, Liu S, Mackey
RH, Matchar DB, McGuire DK, Mohler ER 3rd, Moy CS, Muntner P,
Mussolino ME, Nasir K, Neumar RW, Nichol G, Palaniappan L, Pandey
DK, Reeves MJ, Rodriguez CJ, Sorlie PD, Stein J, Towfighi A, Turan
TN, Virani SS, Willey JZ, Woo D, Yeh RW, Turner MB; on behalf of the
American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart disease and stroke statistics—2015 update: a report
from the American Heart Association [published correction appears
in Circulation. 2015;131:e535]. Circulation. 2015;131:¢29-e322. doi:
10.1161/CIR.0000000000000152.

Yang XP, Reckelhoff JF. Estrogen, hormonal replacement therapy and
cardiovascular disease. Curr Opin Nephrol Hypertens. 2011;20:133-138.
doi: 10.1097/MNH.0b013e3283431921.

E, Wenger NK. Sex/gender differ-
ences in cardiovascular disease prevention: what a difference a
decade makes. Circulation. 2011;124:2145-2154. doi: 10.1161/
CIRCULATIONAHA.110.968792.

. Ford ES, Capewell S. Coronary heart disease mortality among young

adults in the U.S. from 1980 through 2002: concealed leveling of mor-
tality rates. J Am Coll Cardiol. 2007;50:2128-2132. doi: 10.1016/j.
jacc.2007.05.056.

. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ,

Dai S, Ford ES, Fox CS, Franco S, Fullerton HJ, Gillespie C, Hailpern
SM, Heit JA, Howard VJ, Huffman MD, Judd SE, Kissela BM, Kittner
SJ, Lackland DT, Lichtman JH, Lisabeth LD, Mackey RH, Magid DIJ,
Marcus GM, Marelli A, Matchar DB, McGuire DK, Mohler ER 3rd, Moy
CS, Mussolino ME, Neumar RW, Nichol G, Pandey DK, Paynter NP,
Reeves MJ, Sorlie PD, Stein J, Towfighi A, Turan TN, Virani SS, Wong
ND, Woo D, Turner MB; on behalf of the American Heart Association
Statistics Committee and Stroke Statistics Subcommittee. Heart dis-
ease and stroke statistics—2014 update: a report from the American

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Heart Association. Circulation. 2014;129:e28-€292. doi:
¢ir.0000441139.02102.80.

10.1161/01.

. Egede LE. Race, ethnicity, culture, and disparities in health care. J Gen

Intern Med. 2006;21:667-669. doi: 10.1111/j.1525-1497.2006.0512.x.

. Human Genome Program of the US Department of Energy Office of

Science’s Office of Biological and Environmental Research. Exploring
genetics issues relevant to minority communities. 2003. http://web.ornl.
gov/sci/techresources/Human_Genome/publicat/MinorityConcerns-82.
pdf. Accessed December 15, 2015.

. Smedley A. Origin of the idea of race: anthropology newsletter.

1997. Public Broadcasting Service. http://www.pbs.org/race/000_
About/002_04-background-02-09.htm. Accessed December 15, 2015.

. Centers for Disease Control and Prevention. Centers for Disease Control

and Prevention: leading causes of death in females. 2015. http://www.cdc.
gov/women/lcod/. Accessed December 15, 2015.

Hastings KG, Jose PO, Kapphahn KI, Frank AT, Goldstein BA, Thompson
CA, Eggleston K, Cullen MR, Palaniappan LP. Leading causes of
death among Asian American subgroups (2003-2011). PLoS One.
2015;10:e0124341. doi: 10.1371/journal.pone.0124341.

Sayols-Baixeras S, Lluis-Ganella C, Lucas G, Elosua R. Pathogenesis of
coronary artery disease: focus on genetic risk factors and identification
of genetic variants. Appl Clin Genet. 2014;7:15-32. doi: 10.2147/TACG.
S35301.

Fox CS, Hall JL, Arnett DK, Ashley EA, Delles C, Engler MB, Freeman
MW, Johnson JA, Lanfear DE, Liggett SB, Lusis AJ, Loscalzo J,
MacRae CA, Musunuru K, Newby LK, O’Donnell CJ, Rich SS, Terzic
A; on behalf of the American Heart Association Council on Functional
Genomics and Translational Biology, Council on Cardiovascular and
Stroke Nursing, Council on Clinical Cardiology, Council on Quality
of Care and Outcomes Research, and Council on Epidemiology and
Prevention. Future translational applications from the contemporary
genomics era: a scientific statement from the American Heart Association.
Circulation. 2015;131:1715-1736.doi: 10:161/CIR.0000000000000211.
Musunuru K, Hickey KT, Al-Khatib SM, Delles C, Fornage M, Fox CS,
Frazier L, Gelb BD, Herrington DM, Lanfear DE, Rosand J; on behalf
of the American Heart Association Council on Functional Genomics
and Translational Biology, Council on Clinical Cardiology, Council on
Cardiovascular Disease in the Young, Council on Cardiovascular and
Stroke Nursing, Council on Epidemiology and Prevention, Council on
Hypertension, Couneil on Lifestyle and Cardiometabolic Health, Council
on Quality of Care and Qutcomes Research, and Stroke Council. Basic
concepts and potential-applications of-genetics and genomics for cardio-
vascular and stroke clinicians: a scientific statement from the American
Heart Association [published correction appears in Circ Cardiovasc
Genet. 2015;8:243]. Circ Cardiovasc Genet. 2015;8:216-242. doi:
10.1161/HCG.0000000000000020.

Brittingham A, de la Cruz P. Ancestry: 2000 Census 2000 brief. US
Census Bureau. 2004. http://www.census.gov/prod/2004pubs/c2kbr-35.
pdf. Accessed December 15, 2015.

Benson J, Maldari T, Williams J, Hanifi H. The impact of culture and
ethnicity on women’s perceived role in society and their attendant health
beliefs. InnovAiT: Education and Inspiration for General Practice.
2010;3:358-365.

Lang T, Lepage B, Schieber AC, Lamy S, Kelly-Irving M. Social determi-
nants of cardiovascular diseases. Public Health Rev. 2012;33:601-622.
Newby DE, Mannucci PM, Tell GS, Baccarelli AA, Brook RD, Donaldson
K, Forastiere F, Franchini M, Franco OH, Graham I, Hoek G, Hoffmann
B, Hoylaerts MF, Kiinzli N, Mills N, Pekkanen J, Peters A, Piepoli MF,
Rajagopalan S, Storey RF; ESC Working Group on Thrombosis, European
Association for Cardiovascular Prevention and Rehabilitation; ESC Heart
Failure Association. Expert position paper on air pollution and cardio-
vascular disease. Eur Heart J. 2015;36:83-93b. doi: 10.1093/eurheartj/
ehu458.

Finkelstein EA, Khavjou OA, Mobley LR, Haney DM, Will JC.
Racial/ethnic disparities in coronary heart disease risk factors among
WISEWOMAN enrollees. J Womens Health (Larchmt). 2004;13:503—
518. doi: 10.1089/1540999041280963.

Lichtman JH, Wang Y, Jones SB, Leitheit-Limson EC, Shaw LJ, Vaccarino
V, Rumsfeld JS, Krumholz HM, Curtis JP. Age and sex differences in
inhospital complication rates and mortality after percutaneous coronary
intervention procedures: evidence from the NCDR(®). Am Heart J.
2014;167:376-383. doi: 10.1016/j.ahj.2013.11.001.

Gehrie ER, Reynolds HR, Chen AY, Neelon BH, Roe MT, Gibler WB,
Ohman EM, Newby LK, Peterson ED, Hochman JS. Characterization and
outcomes of women and men with non-ST-segment elevation myocardial

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://web.ornl.gov/sci/techresources/Human_Genome/publicat/MinorityConcerns-82.pdf
http://web.ornl.gov/sci/techresources/Human_Genome/publicat/MinorityConcerns-82.pdf
http://web.ornl.gov/sci/techresources/Human_Genome/publicat/MinorityConcerns-82.pdf
http://www.pbs.org/race/000_About/002_04-background-02-09.htm
http://www.pbs.org/race/000_About/002_04-background-02-09.htm
http://www.cdc.gov/women/lcod/
http://www.cdc.gov/women/lcod/
http://www.census.gov/prod/2004pubs/c2kbr-35.pdf
http://www.census.gov/prod/2004pubs/c2kbr-35.pdf
http://circ.ahajournals.org/

31.

32.

34.

38.

39.

40.

41

42.

McSweeney et al

infarction and nonobstructive coronary artery disease: results from the Can
Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse
Outcomes with Early Implementation of the ACC/AHA Guidelines
(CRUSADE) quality improvement initiative. Am Heart J. 2009;158:688—
694. doi: 10.1016/j.ahj.2009.08.004.

Sedlak TL, Lee M, Izadnegahdar M, Merz CN, Gao M, Humphries KH.
Sex differences in clinical outcomes in patients with stable angina and
no obstructive coronary artery disease. Am Heart J. 2013;166:38—44. doi:
10.1016/j.ahj.2013.03.015.

Gulati M, Cooper-DeHoff RM, McClure C, Johnson BD, Shaw LlJ,
Handberg EM, Zineh I, Kelsey SF, Arnsdorf MF, Black HR, Pepine CJ,
Merz CN. Adverse cardiovascular outcomes in women with nonobstructive
coronary artery disease: a report from the Women’s Ischemia Syndrome
Evaluation Study and the St James Women Take Heart Project. Arch Intern
Med. 2009;169:843-850. doi: 10.1001/archinternmed.2009.50.

. Shah AS, Griffiths M, Lee KK, McAllister DA, Hunter AL, Ferry AV,

Cruikshank A, Reid A, Stoddart M, Strachan F, Walker S, Collinson
PO, Apple FS, Gray AJ, Fox KA, Newby DE, Mills NL. High sensitiv-
ity cardiac troponin and the under-diagnosis of myocardial infarction in
women: prospective cohort study [published correction appears in BMJ.
2015;350:h626]. BMJ. 2015;350:g7873.

Shah AS, Newby DE, Mills NL. High sensitivity cardiac troponin in
patients with chest pain. BMJ. 2013;347:f4222.

. Norris CM, Ghali WA, Galbraith PD, Graham MM, Jensen LA, Knudtson

ML; APPROACH Investigators. Women with coronary artery disease
report worse health-related quality of life outcomes compared to men.
Health Qual Life Outcomes. 2004;2:21-31. doi: 10.1186/1477-7525-2-21.

. Norris CM, Hegadoren K, Pilote L. Depression symptoms have a greater

impact on the 1-year health-related quality of life outcomes of women
post-myocardial infarction compared to men. Eur J Cardiovasc Nurs.
2007;6:92-98. doi: 10.1016/j.ejenurse.2006.05.003.

. Norris CM, Spertus JA, Jensen L, Johnson J, Hegadoren KM, Ghali WA;

APPROACH Investigators. Sex and gender discrepancies in health-related
quality of life outcomes among patients with established coronary artery
disease. Circ Cardiovasc Qual Outcomes. 2008;1:123-130. doi: 10.1161/
CIRCOUTCOMES.108.793448.

Rutledge T, Reis SE;Olson M, Owens J, Kelsey SF, Pepine CJ, Mankad
S, Rogers WIJ, Sopko G, Cornell CE, Sharaf B, Merz CN. Depression
is associated with cardiac symptoms, mortality risks and hospitalization
among women with suspected coronary disease: the NHLBI-sponsored
WISE study. Psychosom Med. 2006;68:217-223.. doi: /10.1097/01.
psy.0000195751.94998.e3.

Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K,
Ezekowitz MD, Finkelstein EA, Hong Y, Johnston SC, Khera A, Lloyd-
Jones DM, Nelson SA, Nichol G, Orenstein D, Wilson PW, Woo YJ;
on behalf of the American Heart Association Advocacy Coordinating
Committee; Stroke Council; Council on Cardiovascular Radiology and
Intervention; Council on Clinical Cardiology; Council on Epidemiology
and Prevention; Council on Arteriosclerosis; Thrombosis and Vascular
Biology; Council on Cardiopulmonary; Critical Care; Perioperative and
Resuscitation; Council on Cardiovascular Nursing; Council on the Kidney
in Cardiovascular Disease; Council on Cardiovascular Surgery and
Anesthesia; Interdisciplinary Council on Quality of Care and Outcomes
Research. Forecasting the future of cardiovascular disease in the
United States: a policy statement from the American Heart Association.
Circulation. 2011;123:933-944. doi: 10.1161/CIR.0b013e31820a55f5.
Shaw LJ, Merz CN, Pepine CJ, Reis SE, Bittner V, Kip KE, Kelsey SF,
Olson M, Johnson BD, Mankad S, Sharaf BL, Rogers WJ, Pohost GM,
Sopko G; on behalf of the Women’s Ischemia Syndrome Evaluation
(WISE) Investigators. The economic burden of angina in women with
suspected ischemic heart disease: results from the National Institutes of
Health—National Heart, Lung, and Blood Institute-sponsored Women’s
Ischemia Syndrome Evaluation. Circulation. 2006;114:894-904. doi:
10.1161/CIRCULATIONAHA.105.609990.

. Mosca L, Hammond G, Mochari-Greenberger H, Towfighi A, Albert MA;

on behalf of the American Heart Association Cardiovascular Disease and
Stroke in Women and Special Populations Committee of the Council on
Clinical Cardiology, Council on Epidemiology and Prevention, Council
on Cardiovascular Nursing, Council on High Blood Pressure Research,
Council on Nutrition, Physical Activity and Metabolism. Fifteen-year
trends in awareness of heart disease in women: results of a 2012 American
Heart Association national survey. Circulation. 2013;127:1254-1263, e1-
€29. doi: 10.1161/CIR.0b013e318287cf2f.

Mosca L, Jones WK, King KB, Ouyang P, Redberg RF, Hill MN. Awareness,
perception, and knowledge of heart disease risk and prevention among

Preventing and Experiencing IHD as a Woman 21

43.

44.

45.

46.

47.

48.

49.

50.

51.

S2.

53.

54.

55.

56.

57.

58.

women in the United States. American Heart Association Women’s Heart
Disease and Stroke Campaign Task Force. Arch Fam Med. 2000;9:506-515.
Asia Pacific Cohort Studies Collaboration. The impact of cardiovascular
risk factors on the age-related excess risk of coronary heart disease. Int J
Epidemiol. 2006;35:1025-1033.

Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart disease:
evolving knowledge. J Am Coll Cardiol. 2009;54:1561-1575. doi:
10.1016/j.jacc.2009.04.098.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M,
Budaj A, Pais P, Varigos J, Lisheng L; INTERHEART Study Investigators.
Effect of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control study.
Lancet. 2004;364:937-952. doi: 10.1016/S0140-6736(04)17018-9.

Shaw LJ, Bairey Merz CN, Pepine CJ, Reis SE, Bittner V, Kelsey SF,
Olson M, Johnson BD, Mankad S, Sharaf BL, Rogers WIJ, Wessel TR,
Arant CB, Pohost GM, Lerman A, Quyyumi AA, Sopko G; WISE
Investigators. Insights from the NHLBI-Sponsored Women'’s Ischemia
Syndrome Evaluation (WISE) Study, part I: gender differences in tradi-
tional and novel risk factors, symptom evaluation, and gender-optimized
diagnostic strategies. J Am Coll Cardiol. 2006;47(suppl):S4-S20. doi:
10.1016/j.jacc.2005.01.072.

Daviglus ML, Stamler J, Pirzada A, Yan LL, Garside DB, Liu K, Wang R,
Dyer AR, Lloyd-Jones DM, Greenland P. Favorable cardiovascular risk
profile in young women and long-term risk of cardiovascular and all-cause
mortality. JAMA. 2004;292:1588-1592. doi: 10.1001/jama.292.13.1588.
Spencer EA, Pirie KL, Stevens RJ, Beral V, Brown A, Liu B, Green J, Reeves
GK; Million Women Study Collaborators. Diabetes and modifiable risk fac-
tors for cardiovascular disease: the prospective Million Women Study. Eur
J Epidemiol. 2008;23:793-799. doi: 10.1007/s10654-008-9298-3.
Jonsdoéttir LS, Sigfisson N, Gudnason V, Sigvaldason H, Thorgeirsson
G. Do lipids, blood pressure, diabetes, and smoking confer equal risk
of myocardial infarction in women asjin;men? The Reykjavik Study.
J Cardiovasc Risk. 2002;9:67-76.

Schnohr P, Jensen JS, Scharling H, Nordestgaard BG. Coronary heart dis-
ease risk factors ranked by importance for the individual and community:
a 21 year follow-up of 12 000 men and women from the Copenhagen City
Heart Study. Eur Heart J. 2002;23:620-626. doi: 10.1053/euhj.2001.2842.
Ko DT, Wijeysundera HC, Udell JA, Vaccarino V, Austin PC, Guo H,
Velianou JL, Lau K, Tu JV: Traditional cardiovascular risk factors and the
presence of obstructive coronary artery disease in men and women. Can J
Cardiol. 2014;30:820-826. doi: 10.1016/j.cjca.2014.04.032.

Goff 'DC Jr, Lloyd-Jones DM,~Bennett G, Coady S, D’Agostino RB,
Gibbons R, Greenland P, Lackland DT, Levy D, O’Donnell CJ, Robinson
JG, Schwartz JS, Shero ST, Smith SC Jr, Sorlie P, Stone NJ, Wilson PW,
Jordan HS, Nevo L, Wnek J, Anderson JL, Halperin JL, Albert NM,
Bozkurt B, Brindis RG, Curtis LH, DeMets D, Hochman JS, Kovacs RJ,
Ohman EM, Pressler SJ, Sellke FW, Shen WK, Smith SC Jr, Tomaselli
GF. 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a
report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines [published correction appears in
Circulation. 2014;129(suppl 2):S74-S75]. Circulation. 2014;129(suppl
2):S49-S73. doi: 10.1161/01.¢ir.0000437741.48606.98.

Michos ED, Nasir K, Braunstein JB, Rumberger JA, Budoff MJ, Post
WS, Blumenthal RS. Framingham risk equation underestimates sub-
clinical atherosclerosis risk in asymptomatic women. Atherosclerosis.
2006;184:201-206. doi: 10.1016/j.atherosclerosis.2005.04.004.

Lakoski SG, Greenland P, Wong ND, Schreiner PJ, Herrington DM,
Kronmal RA, Liu K, Blumenthal RS. Coronary artery calcium scores and
risk for cardiovascular events in women classified as “low risk” based on
Framingham risk score: the Multi-Ethnic Study of Atherosclerosis (MESA).
Arch Intern Med. 2007;167:2437-2442. doi: 10.1001/archinte.167.22.2437.
Haukkala A, Konttinen H, Uutela A, Kawachi I, Laatikainen T. Gender
differences in the associations between depressive symptoms, cardiovas-
cular diseases, and all-cause mortality. Ann Epidemiol. 2009;19:623-629.
doi: 10.1016/j.annepidem.2009.01.010.

Low CA, Thurston RC, Matthews KA. Psychosocial factors in the devel-
opment of heart disease in women: current research and future directions.
Psychosom Med. 2010;72:842-854. doi: 10.1097/PSY.0b013e3181{6934f.
Stewart JC, Janicki DL, Muldoon MF, Sutton-Tyrrell K, Kamarck TW.
Negative emotions and 3-year progression of subclinical atherosclerosis.
Arch Gen Psychiatry. 2007,64:225-233. doi: 10.1001/archpsyc.64.2.225.
Chaput LA, Adams SH, Simon JA, Blumenthal RS, Vittinghoff E, Lin
F, Loh E, Matthews KA. Hostility predicts recurrent events among
postmenopausal women with coronary heart disease. Am J Epidemiol.
2002;156:1092-1099.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

22

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Circulation March 29, 2016

Olson MB, Krantz DS, Kelsey SF, Pepine CJ, Sopko G, Handberg E,
Rogers WIJ, Gierach GL, McClure CK, Merz CN; WISE Study Group.
Hostility scores are associated with increased risk of cardiovascular
events in women undergoing coronary angiography: a report from the
NHLBI-Sponsored WISE Study. Psychosom Med. 2005;67:546-552. doi:
10.1097/01.psy.0000170830.99263.4e.

Horsten M, Mittleman MA, Wamala SP, Schenck-Gustafsson K, Orth-
Gomér K. Depressive symptoms and lack of social integration in rela-
tion to prognosis of CHD in middle-aged women: the Stockholm Female
Coronary Risk Study. Eur Heart J. 2000;21:1072-1080. doi: 10.1053/
euhj.1999.2012.

Rutledge T, Reis SE, Olson M, Owens J, Kelsey SF, Pepine CJ, Mankad S,
Rogers WJ, Bairey Merz CN, Sopko G, Cornell CE, Sharaf B, Matthews
KA; National Heart, Lung, and Blood Institute. Social networks are asso-
ciated with lower mortality rates among women with suspected coronary
disease: the National Heart, Lung, and Blood Institute-Sponsored Women’s
Ischemia Syndrome Evaluation study. Psychosom Med. 2004;66:882—888.
doi: 10.1097/01.psy.0000145819.94041.52.

Thurston RC, Kubzansky LD. Women, loneliness, and incident coro-
nary heart disease. Psychosom Med. 2009;71:836-842. doi: 10.1097/
PSY.0b013e3181b40efc.

Tindle HA, Chang YF, Kuller LH, Manson JE, Robinson JG, Rosal MC,
Siegle GJ, Matthews KA. Optimism, cynical hostility, and incident coronary
heart disease and mortality in the Women’s Health Initiative. Circulation.
2009;120:656-662. doi: 10.1161/CIRCULATIONAHA.108.827642.
Kubzansky LD, Thurston RC. Emotional vitality and incident coronary
heart disease: benefits of healthy psychological functioning. Arch Gen
Psychiatry. 2007;64:1393-1401. doi: 10.1001/archpsyc.64.12.1393.

Imes CC, Burke LE. The obesity epidemic: the United States as a caution-
ary tale for the rest of the world. Curr Epidemiol Rep. 2014;1:82—-88. doi:
10.1007/s40471-014-0012-6.

Centers for Disease Control and Prevention, Division of Nutrition,
Physical Activity, and Obesity. Overweight and obesity: obesity preva-
lence maps 2013. 2014. http://www.cdc.gov/obesity/data/prevalence-
maps.html. Accessed December 15, 2015.

Centers for Disease Control and Prevention, Division for Heart Disease
and Stroke Prevention. 2014. Heart disease death rates, total population
ages 35+. httpi//www.cdc.gov/dhdsp/maps/national_maps/hd_all.htm.
Accessed December 15, 2015.

Cerhan JR, Moore SC, Jacobs EJ, Kitahara CM, Rosenberg PS, Adami
HO, Ebbert JO, English DR, Gapstur SM, Giles GG, Horn-Ross PL, Park
Y, Patel AV, Robien K, Weiderpass-E, Willett-WC, Wolk A, Zeleniuch-
Jacquotte A, Hartge P, Bernstein L, Berrington de Gonzalez A. A pooled
analysis of waist circumference and mortality in 650,000 adults. Mayo
Clin Proc. 2014;89:335-345. doi: 10.1016/j.mayocp.2013.11.011.

Ford ES, Li C, Zhao G, Tsai J. Trends in obesity and abdominal obesity
among adults in the United States from 1999-2008. Int J Obes (Lond).
2011;35:736-743. doi: 10.1038/ij0.2010.186.

Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends
in obesity among US adults, 1999-2008. JAMA. 2010;303:235-241. doi:
10.1001/jama.2009.2014.

Lobo RA. Metabolic syndrome after menopause and the role of hormones.
Maturitas. 2008;60:10-18. doi: 10.1016/j.maturitas.2008.02.008.

Ozbey N, Sencer E, Molvalilar S, Orhan Y. Body fat distribution and car-
diovascular disease risk factors in pre- and postmenopausal obese women
with similar BMI. Endocr J. 2002;49:503-509.

Wildman RP, McGinn AP, Lin J, Wang D, Muntner P, Cohen HW,
Reynolds K, Fonseca V, Sowers MR. Cardiovascular disease risk of
abdominal obesity vs. metabolic abnormalities. Obesity (Silver Spring).
2011;19:853-860. doi: 10.1038/0by.2010.168.

Wong ND, Sciammarella MG, Polk D, Gallagher A, Miranda-Peats L,
Whitcomb B, Hachamovitch R, Friedman JD, Hayes S, Berman DS. The
metabolic syndrome, diabetes, and subclinical atherosclerosis assessed by
coronary calcium. J Am Coll Cardiol. 2003;41:1547-1553.

Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, Nissén M, Taskinen
MR, Groop L. Cardiovascular morbidity and mortality associated with the
metabolic syndrome. Diabetes Care. 2001;24:683-689.

Marroquin OC, Kip KE, Kelley DE, Johnson BD, Shaw LJ, Bairey Merz
CN, Sharaf BL, Pepine CJ, Sopko G, Reis SE; Women’s Ischemia Syndrome
Evaluation Investigators. Metabolic syndrome modifies the cardiovascu-
lar risk associated with angiographic coronary artery disease in women:
a report from the Women’s Ischemia Syndrome Evaluation. Circulation.
2004;109:714-721. doi: 10.1161/01.CIR.0000115517.26897.A7.

Horvei LD, Brakkan SK, Mathiesen EB, Njglstad I, Wilsgaard T,
Hansen JB. Obesity measures and risk of venous thromboembolism and

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88

89.

90.

91.

92.

93.

94.

95.

myocardial infarction. Eur J Epidemiol. 2014;29:821-830. doi: 10.1007/
$10654-014-9950-z.

Diaconu CC, Paraschiv B. Clinical characteristics of obese patients with
hypertension and chronic ischemic heart disease. Rom J Intern Med.
2014;52:251-255.

Kip KE, Marroquin OC, Kelley DE, Johnson BD, Kelsey SF, Shaw LJ,
Rogers WIJ, Reis SE. Clinical importance of obesity versus the metabolic
syndrome in cardiovascular risk in women: a report from the Women’s
Ischemia Syndrome Evaluation (WISE) study. Circulation. 2004;109:706—
713. doi: 10.1161/01.CIR.0000115514.44135.A8.

Li N, Katzmarzyk PT, Horswell R, Zhang Y, Li W, Zhao W, Wang Y,
Johnson J, Hu G. BMI and coronary heart disease risk among low-income
and underinsured diabetic patients. Diabetes Care. 2014;37:3204-3212.
doi: 10.2337/dc14-1091.

Hu FB, Stampfer MJ, Solomon CG, Liu S, Willett WC, Speizer FE,
Nathan DM, Manson JE. The impact of diabetes mellitus on mortality
from all causes and coronary heart disease in women: 20 years of follow-
up. Arch Intern Med. 2001;161:1717-1723.

Natarajan S, Liao Y, Cao G, Lipsitz SR, McGee DL. Sex differences in risk
for coronary heart disease mortality associated with diabetes and estab-
lished coronary heart disease. Arch Intern Med. 2003;163:1735-1740. doi:
10.1001/archinte.163.14.1735.

Juutilainen A, Kortelainen S, Lehto S, Ronnemaa T, Pyorild K, Laakso
M. Gender difference in the impact of type 2 diabetes on coronary heart
disease risk. Diabetes Care. 2004;27:2898-2904.

Natarajan S, Liao Y, Sinha D, Cao G, McGee DL, Lipsitz SR. Sex differ-
ences in the effect of diabetes duration on coronary heart disease mortality.
Arch Intern Med. 2005;165:430-435. doi: 10.1001/archinte.165.4.430.
Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart
disease associated with diabetes in men and women: meta-analysis of
37 prospective cohort studies. BMJ. 2006;332:73-78. doi: 10.1136/
bm;j.38678.389583.7C.

Barrett-Connor E. The Rancho Bernardo-Study:'40 years studying why
women have less heart disease than men and how diabetes modifies
women’s usual cardiac protection. Glob Heart. 2013;8. doi: 10.1016/].
gheart.2012.12.002,

Roche MM, Wang PP. Sex differences in all-cause and cardiovascu-
lar_mortality, hospitalization_for individuals_with and without diabe-
tes, and patients with diabetes diagnosed early and late. Diabetes Care.
2013;36:2582-2590. doi: 10.2337/dc12-1272.

Arnetz L, Ekberg NR, Alvarsson M. Sex differences in type 2 diabetes:
focus on disease-course and..outcomes. Diabetes Metab Syndr Obes.
2014;7:409-420. doi: 10.2147/DMSO0.S51301.

Lee C, Joseph L, Colosimo A, Dasgupta K. Mortality in diabetes
compared with previous cardiovascular disease: a gender-specific
meta-analysis. Diabetes Metab. 2012;38:420-427. doi: 10.1016/j.
diabet.2012.04.002.

Peters SA, Huxley RR, Woodward M. Diabetes as risk factor for inci-
dent coronary heart disease in women compared with men: a systematic
review and meta-analysis of 64 cohorts including 858,507 individuals and
28,203 coronary events. Diabetologia. 2014;57:1542-1551. doi: 10.1007/
s00125-014-3260-6.

Huxley RR, Peters SA, Mishra GD, Woodward M. Risk of all-cause
mortality and vascular events in women versus men with type 1 diabe-
tes: a systematic review and meta-analysis. Lancet Diabetes Endocrinol.
2015;3:198-206. doi: 10.1016/S2213-8587(14)70248-7.

Kanaya AM, Grady D, Barrett-Connor E. Explaining the sex difference
in coronary heart disease mortality among patients with type 2 diabetes
mellitus: a meta-analysis. Arch Intern Med. 2002;162:1737-1745.

Gregg EW, Cheng YJ, Saydah S, Cowie C, Garfield S, Geiss L,
Barker L. Trends in death rates among U.S. adults with and without
diabetes between 1997 and 2006: findings from the National Health
Interview Survey. Diabetes Care. 2012;35:1252—1257. doi: 10.2337/
dcl1-1162.

Phan BA, Toth PP. Dyslipidemia in women: etiology and management. Int
J Womens Health. 2014;6:185-194. doi: 10.2147/IJWH.S38133.
European Association for Cardiovascular Prevention & Rehabilitation,
Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen MR, Wiklund
O, Agewall S, Alegria S, Alegria E, Chapman MJ, Durrington P, Erdine
S, Halcox J, Hobbs R, Kjekshus J, Filardi PP, Riccardi G, Storey RF,
Wood D; ESC Committee for Practice Guidelines (CPG) 2008-2010 and
2010-2012 Committees. ESC/EAS guidelines for the management of dys-
lipidaemias: the Task Force for the Management of Dyslipidaemias of the
European Society of Cardiology (ESC) and the European Atherosclerosis
Society (EAS). Eur Heart J. 2011;32:1769-1818.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://www.cdc.gov/dhdsp/maps/national_maps/hd_all.htm
http://circ.ahajournals.org/

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

107a.

108.

109.

McSweeney et al

Stone NIJ, Robinson JG, Lichtenstein AH, Bairey Merz CN,
Blum CB, Eckel RH, Goldberg AC, Gordon D, Levy D, Lloyd-
Jones DM, McBride P, Schwartz JS, Shero ST, Smith SC Jr, Watson
K, Wilson PW. 2013 ACC/AHA guideline on the treatment of
blood cholesterol to reduce atherosclerotic cardiovascular risk in
adults: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines [published
corrections appear in Circulation. 2014;129(suppl 2):S46-S48 and
Circulation. 2015;132:e396]. Circulation. 2014;129(suppl 2):S1-
S45. doi: 10.1161/01.¢ir.0000437738.63853.7a.

Reiner Z, De Bacquer D, Kotseva K, Prugger C, De Backer G, Wood
D; EUROASPIRE III Study Group. Treatment potential for dyslipi-
daemia management in patients with coronary heart disease across
Europe: findings from the EUROASPIRE III survey. Atherosclerosis.
2013;231:300-307.

Cooney MT, Dudina A, De Bacquer D, Wilhelmsen L, Sans S,
Menotti A, De Backer G, Jousilahti P, Keil U, Thomsen T, Whincup
P, Graham IM; SCORE Investigators. HDL cholesterol protects
against cardiovascular disease in both genders, at all ages and at all
levels of risk. Atherosclerosis. 2009;206:611-616. doi: 10.1016/j.
atherosclerosis.2009.02.041.

Bittner V, Johnson BD, Zineh I, Rogers WJ, Vido D, Marroquin OC,
Bairey-Merz CN, Sopko G. The triglyceride/high-density lipoprotein
cholesterol ratio predicts all-cause mortality in women with suspected
myocardial ischemia: a report from the Women’s Ischemia Syndrome
Evaluation (WISE). Am Heart J. 2009;157:548-555. doi: 10.1016/j.
ahj.2008.11.014.

Hokanson JE, Austin MA. Plasma triglyceride level is a risk factor for
cardiovascular disease independent of high-density lipoprotein choles-
terol level: a meta-analysis of population-based prospective studies.
J Cardiovasc Risk. 1996;3:213-219.

Hu FB, Stampfer MJ, Manson JE, Rimm E, Colditz GA, Rosner BA,
Hennekens CH, Willett WC. Dietary fat intake and the risk of coro-
nary heart disease in women. N Engl J Med. 1997;337:1491-1499. doi:
10.1056/NEJIM199711203372102.

Victor BM, Teal V, Ahedor L, Karalis DG. Gender differences
in achieving optimal lipid goals in patients with coronary artery
disease. Am J Cardiol. 2014;113:1611-1615. doi: 10.1016/j.
amjcard.2014.02.018.

Abuful A, Gidron Y, Henkin Y. Physicians’ attitudes toward preventive
therapy for coronary artery disease: is there a genderbias? Clin Cardiol.
2005;28:389-393.

Chou AF, Scholle SH, Weisman CS, Bierman AS, Correa-de-Araujo R,
Mosca L. Gender disparities in the quality of cardiovascular disease care
in private managed care plans. Womens Health Issues. 2007;17:120—
130. doi: 10.1016/j.whi.2007.03.002.

Enriquez JR, Pratap P, Zbilut JP, Calvin JE, Volgman AS. Women toler-
ate drug therapy for coronary artery disease as well as men do, but are
treated less frequently with aspirin, beta-blockers, or statins. Gend Med.
2008:5:53-61.

Gouni-Berthold I, Berthold HK, Mantzoros CS, Bohm M, Krone W. Sex
disparities in the treatment and control of cardiovascular risk factors in type
2 diabetes. Diabetes Care. 2008;31:1389-1391. doi: 10.2337/dc08-0194.
Wexler DJ, Grant RW, Meigs JB, Nathan DM, Cagliero E. Sex dispari-
ties in treatment of cardiac risk factors in patients with type 2 diabetes.
Diabetes Care. 2005;28:514-520.

National Institutes of Health, National Institute on Aging. Your Everyday
Guide from the National Institute on Aging: Exercise and Physical
Activity. Publication no. 15-4258. Published May 2015. https://www.
nia.nih.gov/health/publication/exercise-physical-activity/introduction.
Accessed February 16, 2016.

Fletcher GF. Current status of cardiac rehabilitation. Curr Probl
Cardiol. 1992;17:143-203.

Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden
WB, Bravata DM, Dai S, Ford ES, Fox CS, Franco S, Fullerton HJ,
Gillespie C, Hailpern SM, Heit JA, Howard VJ, Huffman MD, Kissela
BM, Kittner SJ, Lackland DT, Lichtman JH, Lisabeth LD, Magid D,
Marcus GM, Marelli A, Matchar DB, McGuire DK, Mohler ER, Moy
CS, Mussolino ME, Nichol G, Paynter NP, Schreiner PJ, Sorlie PD, Stein
J, Turan TN, Virani SS, Wong ND, Woo D, Turner MB; on behalf of the
American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart disease and stroke statistics—2013 update: a
report from the American Heart Association [published corrections
appear in Circulation. 2013;127:e841 and Circulation. 2016;133:e417.].
Circulation. 2013;127:e6-¢245. doi: 10.1161/CIR.0b013e31828124ad.

Preventing and Experiencing IHD as a Woman 23

110.

111.

112.

114.

115.

116.

117.

118.

119.

120.

121.

122.

124.

125.

126.

127.

128.

McSweeney JC, Crane PB. An act of courage: women’s decision-making
processes regarding outpatient cardiac rehabilitation attendance. Rehabil
Nurs. 2001;26:132-140.

Beckie TM, Beckstead JW, Schocken DD, Evans ME, Fletcher GF. The
effects of a tailored cardiac rehabilitation program on depressive symp-
toms in women: a randomized clinical trial. Int J Nurs Stud. 2011;48:3—
12. doi: 10.1016/j.ijnurstu.2010.06.005.

Colbert JD, Martin BJ, Haykowsky MJ, Hauer TL, Austford LD, Arena
RA, Knudtson ML, Meldrum DA, Aggarwal SG, Stone JA. Cardiac
rehabilitation referral, attendance and mortality in women. Eur J Prev
Cardiol. 2015;22:979-986. doi: 10.1177/2047487314545279.

3. Menezes AR, Lavie CJ, DeSchutter A, Milani RV. Gender, race and car-

diac rehabilitation in the United States: is there a difference in care? Am
J Med Sci. 2014;348:146-152. doi: 10.1097/MAJ.0000000000000306.
Johnson D, Sacrinty M, Mehta H, Douglas C, Paladenech C, Robinson
K. Cardiac rehabilitation in African Americans: evidence for poorer out-
comes compared with whites, especially in women and diabetic partici-
pants. Am Heart J. 2015;169:102—107. doi: 10.1016/j.ahj.2014.09.009.
Beckie TM, Fletcher G, Groer MW, Kip KE, Ji M. Biopsychosocial
health disparities among young women enrolled in cardiac rehabilita-
tion. J Cardiopulm Rehabil Prev. 2015;35:103-113. doi: 10.1097/
HCR.0000000000000095.

Andraos C, Arthur HM, Oh P, Chessex C, Brister S, Grace SL. Women’s
preferences for cardiac rehabilitation program model: a random-
ized controlled trial. Eur J Prev Cardiol. 2015;22:1513-1522. doi:
10.1177/2047487314559275.

Fletcher GF, Ades PA, Kligfield P, Arena R, Balady GJ, Bittner VA,
Coke LA, Fleg JL, Forman DE, Gerber TC, Gulati M, Madan K,
Rhodes J, Thompson PD, Williams MA; on behalf of the American
Heart Association Exercise, Cardiac Rehabilitation, and Prevention
Committee of the Council on Clinical Cardiology, Council on Nutrition,
Physical Activity and Metabolism, Couneil,on Cardiovascular and Stroke
Nursing, and Council on Epidemiology ‘andPrevention. Exercise stan-
dards for testing and training: a scientific statement from the American
Heart Association. Circulation. 2013;128:873-934. doi: 10.1161/
CIR.0b013e31829b5b44.

Centers for, Disease Control and Prevention. Adult smoking in the
US. 2011. http://www.cdc.gov/vitalsigns/AdultSmoking/index.html.
Accessed December 15, 2015.

Ezzati M, Henley SJ, Thun MJ, Lopez AD. Role of smoking in global
and regional cardiovascular mortality. Circulation. 2005;112:489—497.
doi: 10.1161/CIRCULATIONAHA.104.521708.

Kenfield SA, Wei EK, Rosner BA, Glynn RJ, Stampfer MJ, Colditz
GA. Burden of smoking on cause-specific mortality: application to the
Nurses’ Health Study. Tob Control. 2010;19:248-254. doi: 10.1136/
t¢.2009.032839.

Teo KK, Ounpuu S, Hawken S, Pandey MR, Valentin V, Hunt D, Diaz
R, Rashed W, Freeman R, Jiang L, Zhang X, Yusuf S; INTERHEART
Study Investigators. Tobacco use and risk of myocardial infarction in
52 countries in the INTERHEART study: a case-control study. Lancet.
2006;368:647-658. doi: 10.1016/S0140-6736(06)69249-0.

Huxley RR, Woodward M. Cigarette smoking as a risk factor for coro-
nary heart disease in women compared with men: a systematic review
and meta-analysis of prospective cohort studies. Lancet. 2011;378:1297—
1305. doi: 10.1016/S0140-6736(11)60781-2.

3. Bihler C, Gutzwiller F, Erne P, Radovanovic D. Lower age at first

myocardial infarction in female compared to male smokers. Eur J Prev
Cardiol. 2012;19:1184—1193. doi: 10.1177/1741826711422764.
Tolstrup JS, Hvidtfeldt UA, Flachs EM, Spiegelman D, Heitmann
BL, Biilter K, Goldbourt U, Hallmans G, Knekt P, Liu S, Pereira M,
Stevens J, Virtamo J, Feskanich D. Smoking and risk of coronary heart
disease in younger, middle-aged, and older adults. Am J Public Health.
2014;104:96-102. doi: 10.2105/AJPH.2012.301091.

Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE, Rosner
B, Speizer FE, Hennekens CH. Smoking cessation and time course of
decreased risks of coronary heart disease in middle-aged women. Arch
Intern Med. 1994,154:169-175.

Bjartveit K, Tverdal A. Health consequences of sustained smoking cessa-
tion. Tob Control. 2009;18:197-205. doi: 10.1136/tc.2008.026898.
Critchley J, Capewell S. Smoking cessation for the secondary prevention
of coronary heart disease [withdrawn in Cochrane Database Syst Rev.
2012;2:CD003041]. Cochrane Database Syst Rev. 2004:CD003041.
Critchley JA, Capewell S. Mortality risk reduction associated with smok-
ing cessation in patients with coronary heart disease: a systematic review.
JAMA. 2003;290:86-97. doi: 10.1001/jama.290.1.86.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


https://www.nia.nih.gov/health/publication/exercise-physical-activity/introduction
https://www.nia.nih.gov/health/publication/exercise-physical-activity/introduction
http://www.cdc.gov/vitalsigns/AdultSmoking/index.html
http://circ.ahajournals.org/

24

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Circulation March 29, 2016

Ong KL, Tso AW, Lam KS, Cheung BM. Gender difference in blood
pressure control and cardiovascular risk factors in Americans with diag-
nosed hypertension. Hypertension. 2008;51:1142-1148. doi: 10.1161/
HYPERTENSIONAHA.107.105205.

Taddei S. Blood pressure through aging and menopause. Climacteric.
2009;12:(suppl 1):36-40.

Pérez-Lopez FR, Chedraui P, Gilbert JJ, Pérez-Roncero G.
Cardiovascular risk in menopausal women and prevalent related co-
morbid conditions: facing the post-Women’s Health Initiative era. Fertil
Steril. 2009;92:1171-1186. doi: 10.1016/j.fertnstert.2009.06.032.
Sjoberg L, Kaaja R, Tuomilehto J. Epidemiology of postmenopausal
hypertension. Int J Clin Pract Suppl. 2004:4—12.

Health, United States, 2010: With Special Feature on Death and Dying.
Hyattsville, MD: National Center for Health Statistics; 2011. http:/
www.cdc.gov/nchs/data/hus/hus10.pdf. Accessed December 15, 2015.
Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He
J. Global burden of hypertension: analysis of worldwide data. Lancet.
2005;365:217-223. doi: 10.1016/S0140-6736(05)17741-1.

Kim JK, Alley D, Seeman T, Karlamangla A, Crimmins E. Recent
changes in cardiovascular risk factors among women and men. J Womens
Health (Larchmt). 2006;15:734-746. doi: 10.1089/jwh.2006.15.734.
Stolarz K, Staessen JA, O’Brien ET. Night-time blood pressure: dipping
into the future? J Hypertens. 2002;20:2131-2133.

Routledge FS, McFetridge-Durdle JA, Dean CR. Stress, menopausal sta-
tus and nocturnal blood pressure dipping patterns among hypertensive
women. Can J Cardiol. 2009;25:¢157-e163.

Verdecchia P, Porcellati C, Schillaci G, Borgioni C, Ciucci A, Battistelli
M, Guerrieri M, Gatteschi C, Zampi I, Santucci A, Santucci C, Reboldi
G. Ambulatory blood pressure: an independent predictor of prognosis
in essential hypertension [published correction appears in Hypertension.
1995;25:462]. Hypertension. 1994;24:793-801.

James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb
C, Handler J, Lackland DT, LeFevre ML, MacKenzie TD, Ogedegbe O,
Smith SC Jr, Svetkey LP, Taler SJ, Townsend RR, Wright JT Jr, Narva
AS, Ortiz E. 2014 Evidence-based guideline for the management of high
blood pressure in adults: report from.the panel members appointed to the
Eighth Joint National Committee (JNC 8) [published correction appears
in JAMA. 2014;311:1809]. JAMA. 2014;311:507-520. _doi: 10.1001/
jama.2013.284427.

Pelzer T, de Jager T, Muck J, Stimpel M, Neyses L. Oestrogen action on
the myocardium in vivo: specific and permissive for angiotensin-convert-
ing enzyme inhibition. J-Hypertens:2002;20:1001-1006.

Masood DE, Roach EC, Beauregard KG, Khalil RA. Impact of sex hor-
mone metabolism on the vascular effects of menopausal hormone ther-
apy in cardiovascular disease. Curr Drug Metab. 2010;11:693-714.
Effects of estrogen or estrogen/progestin regimens on heart disease
risk factors in postmenopausal women: the Postmenopausal Estrogen/
Progestin Interventions (PEPI) Trial: the Writing Group for the PEPI
Trial [published correction appears in JAMA. 1995;274:1676]. JAMA.
1995;273:199-208.

Affinito P, Palomba S, Bonifacio M, Fontana D, Izzo R, Trimarco B,
Nappi C. Effects of hormonal replacement therapy in postmenopausal
hypertensive patients. Maturitas. 2001;40:75-83.

Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C,
Stefanick ML, Jackson RD, Beresford SA, Howard BV, Johnson KC,
Kotchen JM, Ockene J; Writing Group for the Women’s Health Initiative
Investigators. Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: principal results from the Women’s Health
Initiative randomized controlled trial. JAMA. 2002;288:321-333.
Herrington DM. The HERS trial results: paradigms lost? Heart
and Estrogen/progestin Replacement Study. Ann Intern Med.
1999;131:463-466.

Grady D, Herrington D, Bittner V, Blumenthal R, Davidson M, Hlatky
M, Hsia J, Hulley S, Herd A, Khan S, Newby LK, Waters D, Vittinghoff
E, Wenger N; HERS Research Group. Cardiovascular disease outcomes
during 6.8 years of hormone therapy: Heart and Estrogen/progestin
Replacement Study follow-up (HERS 1II) [published correction appears
in JAMA. 2002;288:1064]. JAMA. 2002;288:49-57.

Ichikawa A, Sumino H, Ogawa T, Ichikawa S, Nitta K. Effects of
long-term transdermal hormone replacement therapy on the renin-
angiotensin-aldosterone system, plasma bradykinin levels and blood
pressure in normotensive postmenopausal women. Geriatr Gerontol Int.
2008;8:259-264. doi: 10.1111/1.1447-0594.2008.00474.x.

Prelevic GM, Kwong P, Byrne DJ, Jagroop IA, Ginsburg J, Mikhailidis
DP. A cross-sectional study of the effects of hormone replacement

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

therapy on the cardiovascular disease risk profile in healthy postmeno-
pausal women. Fertil Steril. 2002;77:945-951.

Harman SM, Vittinghoff E, Brinton EA, Budoff MJ, Cedars MI, Lobo
RA, Merriam GR, Miller VM, Naftolin F, Pal L, Santoro N, Taylor HS,
Black DM. Timing and duration of menopausal hormone treatment may
affect cardiovascular outcomes. Am J Med. 2011;124:199-205. doi:
10.1016/j.amjmed.2010.09.021.

Olszanecka A, Po$nik-Urbafiska A, Kawecka-Jaszcz K, Czarnecka
D, Fedak D. Adipocytokines and blood pressure, lipids and glucose
metabolism in hypertensive perimenopausal women. Kardiol Pol.
2010;68:753-760.

Routledge FS, Hinderliter AL, McFetridge-Durdle J, Blumenthal JA,
Paine NJ, Sherwood A. Endothelial function in postmenopausal women
with nighttime systolic hypertension. Menopause. 2015;22:857-863.
doi: 10.1097/GME.0000000000000405.

Taddei S, Virdis A, Ghiadoni L, Mattei P, Sudano I, Bernini G, Pinto
S, Salvetti A. Menopause is associated with endothelial dysfunction in
women. Hypertension. 1996;28:576-582.

Rossi R, Nuzzo A, Origliani G, Modena MG. Prognostic role of flow-
mediated dilation and cardiac risk factors in post-menopausal women.
J Am Coll Cardiol. 2008;51:997-1002. doi: 10.1016/j.jacc.2007.11.044.
Kalantaridou SN, Naka KK, Papanikolaou E, Kazakos N, Kravariti
M, Calis KA, Paraskevaidis EA, Sideris DA, Tsatsoulis A, Chrousos
GP, Michalis LK. Impaired endothelial function in young women with
premature ovarian failure: normalization with hormone therapy. J Clin
Endocrinol Metab. 2004;89:3907-3913. doi: 10.1210/jc.2004-0015.
Kelemen M, Vaidya D, Waters DD, Howard BV, Cobb F, Younes
N, Tripputti M, Ouyang P. Hormone therapy and antioxidant vita-
mins do not improve endothelial vasodilator function in post-
menopausal women with established coronary artery disease: a
substudy of the Women’s Angiographic Vitamin and Estrogen
(WAVE) trial. Atherosclerosis. 2005;179:193-200. doi: 10.1016/j.
atherosclerosis.2004.09.021.

Weiner CP, Lizasoain I, Baylis SA, Knowles RG, Charles IG, Moncada
S. Induction of calcium-dependent nitric oxide synthases by sex hor-
mones. Proc Natl Acad Sci USA. 1994;91:5212-5216.

Wyatt AW, Steinert JR, Mann GE. Modulation of the L-arginine/nitric
oxide signalling pathway in_vascular endothelial cells. Biochem Soc
Symp. 2004;71:143-156.

Inarrea P, Casanova A, Alava MA, Iturralde M, Cadenas E. Melatonin
and steroid hormones activate intermembrane Cu,Zn-superoxide dis-
mutase by means of.mitochondrial cytochrome.P450. Free Radic Biol
Med. 2011;50:1575-1581. doi: 10.1016/j.freeradbiomed.2011.03.003.
Romero JC, Reckelhoff JE. State-of-the-art lecture: role of angiotensin
and oxidative stress in essential hypertension. Hypertension. 1999;34(pt
2):943-949.

Nickenig G, Baumer AT, Grohe C, Kahlert S, Strehlow K, Rosenkranz
S, Stiblein A, Beckers F, Smits JF, Daemen MJ, Vetter H, Bohm M.
Estrogen modulates AT1 receptor gene expression in vitro and in vivo.
Circulation. 1998;97:2197-2201.

Langrish JP, Mills NL, Bath LE, Warner P, Webb DJ, Kelnar CJ,
Critchley HO, Newby DE, Wallace WH. Cardiovascular effects of
physiological and standard sex steroid replacement regimens in pre-
mature ovarian failure. Hypertension. 2009;53:805-811. doi: 10.1161/
HYPERTENSIONAHA.108.126516.

Wassmann K, Ghiassi A, Wassmann S, Bohm M, Nickenig G. AT1
receptor antagonism improves endothelial dysfunction in post-
menopausal women. Maturitas. 2006;53:176-183. doi: 10.1016/j.
maturitas.2005.04.002.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein
and other markers of inflammation in the prediction of cardiovascular
disease in women. N Engl J Med. 2000;342:836-843. doi: 10.1056/
NEJM200003233421202.

Emerging Risk Factors Collaboration, Kaptoge S, Di Angelantonio E,
Pennells L, Wood AM, White IR, Gao P, Walker M, Thompson A, Sarwar
N, Caslake M, Butterworth AS, Amouyel P, Assmann G, Bakker SJ, Barr
EL, Barrett-Connor E, Benjamin EJ, Bjorkelund C, Brenner H, Brunner E,
Clarke R, Cooper JA, Cremer P, Cushman M, Dagenais GR, D’ Agostino
RB Sr, Dankner R., Davey-Smith G, Deeg D, Dekker JM, Engstrom G,
Folsom AR, Fowkes FG, Gallacher J, Gaziano JM, Giampaoli S, Gillum
RF, Hofman A, Howard BV, Ingelsson E, Iso H, Jorgensen T, Kiechl S,
Kitamura A, Kiyohara Y, Koenig W, Kromhout D, Kuller LH, Lawlor
DA, Meade TW, Nissinen A, Nordestgaard BG, Onat A, Panagiotakos
DB, Psaty BM, Rodriguez B, Rosengren A, Salomaa V, Kauhanen J,
Salonen JT, Shaffer JA, Shea S, Ford I, Stehouwer CD, Strandberg TE,

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://www.cdc.gov/nchs/data/hus/hus10.pdf
http://www.cdc.gov/nchs/data/hus/hus10.pdf
http://circ.ahajournals.org/

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

McSweeney et al

Tipping RW, Tosetto A, Wassertheil-Smoller S, Wennberg P, Westendorp
RG, Whincup PH, Wilhelmsen L, Woodward M, Lowe GD, Wareham
NJ, Khaw KT, Sattar N, Packard CJ, Gudnason V, Ridker PM, Pepys MB,
Thompson SG, Danesh J. C-reactive protein, fibrinogen, and cardiovas-
cular disease prediction. N Engl J Med. 2012;367:1310-1320.

Kaptoge S, Seshasai SR, Gao P, Freitag DF, Butterworth AS, Borglykke
A, Di Angelantonio E, Gudnason V, Rumley A, Lowe GD, Jgrgensen
T, Danesh J. Inflammatory cytokines and risk of coronary heart dis-
ease: new prospective study and updated meta-analysis. Eur Heart J.
2014;35:578-589. doi: 10.1093/eurheartj/eht367.

La Franca E, Caruso M, Sansone A, Iacona R, Ajello L, Mancuso D,
Castellano F, Novo S, Assennato P. Relationship between inflammatory
markers and new cardiovascular events in patients with acute myocar-
dial infarction who underwent primary angioplasty. Glob J Health Sci.
2013;5:48-54. doi: 10.5539/gjhs.v5n4p48.

Arant CB, Wessel TR, Ridker PM, Olson MB, Reis SE, Delia Johnson
B, Sharaf BL, Pauly DF, Handberg E, Zineh I, Sopko G, Kelsey SF, Noel
Bairey Merz C, Pepine CJ. Multimarker approach predicts adverse car-
diovascular events in women evaluated for suspected ischemia: results
from the National Heart, Lung, and Blood Institute-sponsored Women’s
Ischemia Syndrome Evaluation. Clin Cardiol. 2009;32:244-250. doi:
10.1002/clc.20454.

Willeit P, Kiechl S, Kronenberg F, Witztum JL, Santer P, Mayr M, Xu Q,
Mayr A, Willeit J, Tsimikas S. Discrimination and net reclassification of
cardiovascular risk with lipoprotein(a): prospective 15-year outcomes in
the Bruneck Study. J Am Coll Cardiol. 2014;64:851-860. doi: 10.1016/].
jacc.2014.03.061.

Nordestgaard BG, Chapman MJ, Ray K, Borén J, Andreotti F, Watts GF,
Ginsberg H, Amarenco P, Catapano A, Descamps OS, Fisher E, Kovanen
PT, Kuivenhoven JA, Lesnik P, Masana L, Reiner Z, Taskinen MR,
Tokgozoglu L, Tybjerg-Hansen A; European Atherosclerosis Society
Consensus Panel. Lipoprotein(a) as a cardiovascular risk factor: current
status. Eur Heart J. 2010;31:2844-2853. doi: 10.1093/eurheartj/ehq386.
Davidson MH, Ballantyne CM, Jacobson TA, Bittner VA, Braun LT,
Brown AS, Brown WV, Cromwell WC, Goldberg RB, McKenney JM,
Remaley AT, Sniderman AD, Toth PP, Tsimikas S, Ziajka PE, Maki KC,
Dicklin MR. Clinical utility of inflammatory markers and advanced lipo-
protein testing: advice from an expert panel of lipid specialists. J Clin
Lipidol. 2011;5:338-367. doi: 10.1016/j.jacl.2011.07.005.

Cook NR, Buring JE, Ridker PM. The effect of including C-reactive
protein in cardiovascular risk ptediction models for women. Ann Intern
Med. 2006;145:21-29.

Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison of
C-reactive protein and low-density lipoprotein cholesterol levels in the
prediction of first cardiovascular events. N Engl J Med. 2002;347:1557—
1565. doi: 10.1056/NEJM0a021993.

Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the meta-
bolic syndrome, and risk of incident cardiovascular events: an 8-year
follow-up of 14 719 initially healthy American women. Circulation.
2003;107:391-397.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO 3rd,
Criqui M, Fadl YY, Fortmann SP, Hong Y, Myers GL, Rifai N, Smith
SC Jr, Taubert K, Tracy RP, Vinicor F; Centers for Disease Control and
Prevention; American Heart Association. Markers of inflammation and
cardiovascular disease: application to clinical and public health practice:
a statement for healthcare professionals from the Centers for Disease
Control and Prevention and the American Heart Association. Circulation.
2003;107:499-511.

Salmon JE, Roman MJ. Subclinical atherosclerosis in rheumatoid arthri-
tis and systemic lupus erythematosus. Am J Med. 2008;121(suppl 1):S3—
S8. doi: 10.1016/j.amjmed.2008.06.010.

Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-
Jones DM, Newby LK, Pifia IL, Roger VL, Shaw LJ, Zhao D, Beckie
TM, Bushnell C, D’Armiento J, Kris-Etherton PM, Fang J, Ganiats
TG, Gomes AS, Gracia CR, Haan CK, Jackson EA, Judelson DR,
Kelepouris E, Lavie CJ, Moore A, Nussmeier NA, Ofili E, Oparil S,
Ouyang P, Pinn VW, Sherif K, Smith SC Jr, Sopko G, Chandra-Strobos
N, Urbina EM, Vaccarino V, Wenger NK. Effectiveness-based guide-
lines for the prevention of cardiovascular disease in women—2011
update: a guideline from the American Heart Association [published
corrections appear in Circulation. 2011;123:¢624 and Circulation.
2011;124:e427]. Circulation. 2011;123:1243-1262. doi: 10.1161/
CIR.0b013e31820faaf8.

Ward MM. Premature morbidity from cardiovascular and cerebrovascular
diseases in women with systemic lupus erythematosus. Arthritis Rheum.

Preventing and Experiencing IHD as a Woman 25

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

1999;42:338-346. doi: 10.1002/1529-0131(199902)42:2<338::AID-
ANR17>3.0.CO;2-U.

Manzi S, Meilahn EN, Rairie JE, Conte CG, Medsger TA Jr, Jansen-
McWilliams L, D’ Agostino RB, Kuller LH. Age-specific incidence rates
of myocardial infarction and angina in women with systemic lupus ery-
thematosus: comparison with the Framingham Study. Am J Epidemiol.
1997;145:408-415.

Lykke JA, Langhoff-Roos J, Sibai BM, Funai EF, Triche EW, Paidas
MJ. Hypertensive pregnancy disorders and subsequent cardiovascular
morbidity and type 2 diabetes mellitus in the mother. Hypertension.
2009;53:944-951. doi: 10.1161/HYPERTENSIONAHA.109.130765.
Brown DW, Dueker N, Jamieson DJ, Cole JW, Wozniak MA, Stern BJ,
Giles WH, Kittner SJ. Preeclampsia and the risk of ischemic stroke among
young women: results from the Stroke Prevention in Young Women
Study [published correction appears in Stroke. 2006;37:2862]. Stroke.
2006;37:1055-1059. doi: 10.1161/01.STR.0000206284.96739.¢ce.
Minnisté T, Mendola P, Viidrdsmiki M, Jarvelin MR, Hartikainen AL,
Pouta A, Suvanto E. Elevated blood pressure in pregnancy and subse-
quent chronic disease risk. Circulation. 2013;127:681-690. doi: 10.1161/
CIRCULATIONAHA.112.128751.

Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-eclampsia and
risk of cardiovascular disease and cancer in later life: systematic review
and meta-analysis. BMJ. 2007;335:974. doi: 10.1136/bmj.39335.
385301.BE.

Rich-Edwards JW, Fraser A, Lawlor DA, Catov JM. Pregnancy charac-
teristics and women’s future cardiovascular health: an underused oppor-
tunity to improve women’s health? Epidemiol Rev. 2014;36:57-70. doi:
10.1093/epirev/mxt006.

Ratner RE. Prevention of type 2 diabetes in women with previous
gestational diabetes [published correction appears in Diabetes Care.
2007;30:3154]. Diabetes Care.+2007;30(suppl 2):S242-S245. doi:
10.2337/dc07-5223.

Schaefer-Graf UM, Buchanan TA, Xiang 'AH; Peters RK, Kjos SL.
Clinical predictors for a high risk for the development of diabetes mel-
litus in the early puerperium in women with recent gestational diabetes
mellitus. Am J Obstet Gynecol. 2002;186:751-756.

ACOG Committee on Practice Bulletins-Gynecology. ACOG Practice
Bulletin: The use of hormonal contraception in women with coexist-
ing medical conditions: Number 18, July 2000. Int J Gynaecol Obstet.
2001:75:93-106.

Petitti DB. Clinical practice: combination estrogen-progestin oral contra-
ceptives [published correction.appearsdn N. Engl J. Med. 2004;350:92]. N
Engl J Med. 2003;349:1443-1450.

Shufelt CL, Bairey Merz CN. Contraceptive hormone use and cardio-
vascular disease [published correction appears in J Am Coll Cardiol.
2009;53:904]. J Am Coll Cardiol. 2009;53:221-231.

Polotsky HN, Polotsky AJ. Metabolic implications of menopause. Semin
Reprod Med. 2010;28:426-434.

Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B,
Vittinghoft E. Randomized trial of estrogen plus progestin for secondary
prevention of coronary heart disease in postmenopausal women: Heart
and Estrogen/progestin Replacement Study (HERS) Research Group.
JAMA. 1998;280:605-613.

Barrett-Connor E, Mosca L, Collins P, Geiger MJ, Grady D, Kornitzer
M, McNabb MA, Wenger NK; Raloxifene Use for The Heart (RUTH)
Trial Investigators. Effects of raloxifene on cardiovascular events and
breast cancer in postmenopausal women. N Engl J Med. 2006;355:125—
137. doi: 10.1056/NEJM02a062462.

Moran LJ, Misso ML, Wild RA, Norman RJ. Impaired glucose toler-
ance, type 2 diabetes and metabolic syndrome in polycystic ovary syn-
drome: a systematic review and meta-analysis. Hum Reprod Update.
2010;16:347-363. doi: 10.1093/humupd/dmq001.

Shaw LJ, Bairey Merz CN, Azziz R, Stanczyk FZ, Sopko G, Braunstein
GD, Kelsey SF, Kip KE, Cooper-Dehoff RM, Johnson BD, Vaccarino V,
Reis SE, Bittner V, Hodgson TK, Rogers W, Pepine CJ. Postmenopausal
women with a history of irregular menses and elevated androgen mea-
surements at high risk for worsening cardiovascular event-free survival:
results from the National Institutes of Health—National Heart, Lung,
and Blood Institute sponsored Women'’s Ischemia Syndrome Evaluation
[withdrawn in J Clin Endocrinol Metab. 2015]. J Clin Endocrinol Metab.
2008:93:1276-1284. doi: 10.1210/jc.2007-0425.

Solomon CG, Hu FB, Dunaif A, Rich-Edwards JE, Stampfer MJ, Willett
WC, Speizer FE, Manson JE. Menstrual cycle irregularity and risk for
future cardiovascular disease. J Clin Endocrinol Metab. 2002;87:2013—
2017. doi: 10.1210/jcem.87.5.8471.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

26

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

Circulation March 29, 2016

Bairey Merz CN, Johnson BD, Sharaf BL, Bittner V, Berga SL,
Braunstein GD, Hodgson TK, Matthews KA, Pepine CJ, Reis SE,
Reichek N, Rogers WJ, Pohost GM, Kelsey SF, Sopko G; WISE Study
Group. Hypoestrogenemia of hypothalamic origin and coronary artery
disease in premenopausal women: a report from the NHLBI-sponsored
WISE study. J Am Coll Cardiol. 2003;41:413-419.

Merz CN, Johnson BD, Berga S, Braunstein G, Reis SE, Bittner V;
WISE Study Group. Past oral contraceptive use and angiographic coro-
nary artery disease in postmenopausal women: data from the National
Heart, Lung, and Blood Institute-sponsored Women’s Ischemia
Syndrome Evaluation. Fertil Steril. 2006;85:1425-1431. doi: 10.1016/j.
fertnstert.2006.01.009.

Jones LW, Haykowsky MJ, Swartz JJ, Douglas PS, Mackey JR. Early
breast cancer therapy and cardiovascular injury. J Am Coll Cardiol.
2007;50:1435-1441. doi: 10.1016/j.jacc.2007.06.037.

Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U,
Brgnnum D, Correa C, Cutter D, Gagliardi G, Gigante B, Jensen MB,
Nisbet A, Peto R, Rahimi K, Taylor C, Hall P. Risk of ischemic heart
disease in women after radiotherapy for breast cancer. N Engl J Med.
2013;368:987-998. doi: 10.1056/NEJMoal209825.
Campos-Rodriguez F, Martinez-Garcia MA, de la Cruz-Moron I,
Almeida-Gonzalez C, Catalan-Serra P, Montserrat JM. Cardiovascular
mortality in women with obstructive sleep apnea with or without
continuous positive airway pressure treatment: a cohort study. Ann
Intern Med. 2012;156:115-122. doi: 10.7326/0003-4819-156-2-
201201170-00006.

Somers VK, Dyken ME, Mark AL, Abboud FM. Sympathetic-nerve
activity during sleep in normal subjects. N Engl J Med. 1993;328:303—
307. doi: 10.1056/NEJM199302043280502.

Narkiewicz K, Montano N, Cogliati C, van de Borne PJ, Dyken ME,
Somers VK. Altered cardiovascular variability in obstructive sleep apnea.
Circulation. 1998;98:1071-1077.

Webster R, Heeley E. Perceptions of risk: understanding cardiovascular
disease. Risk Manag Healthc Policy. 2010;3:49-60. doi: 10.2147/RMHP.
$8288.

Sheridan SL, Viera AJ, Krantz MJ, Ice CL, Steinman LE, Peters KE,
Kopin LA, Lungelow D; Cardiovascular Health Intervention Research
and Translation Network Work Group.on Global Coronary Heart Disease
Risk. The effect/of giving global coronary, risk information to adults: a
systematic review. Arch Intern Med. 2010;170:230-239. doi: 10.1001/
archinternmed.2009.516.

Ridker PM, Buring JE;zRifai N,.Cook NR.-Development and valida-
tion of improved algorithms for the assessment of global cardiovascular
risk in women: the Reynolds Risk Score [published correction appears
in JAMA. 2007;297:1433]. JAMA. 2007;297:611-619. doi: 10.1001/
jama.297.6.611.

O’Keefe-McCarthy S. Women’s experiences of cardiac pain: a review of
the literature [published correction appears in Can J Cardiovasc Nurs.
2009;19:3]. Can J Cardiovasc Nurs. 2008;18:18-25.

Hart PL. Women’s perceptions of coronary heart disease: an integrative
review. J Cardiovasc Nurs. 2005;20:170-176.

Isaksson RM, Brulin C, Eliasson M, Nislund U, Zingmark K.
Older women’s prehospital experiences of their first myocardial
infarction. J Cardiovasc Nurs. 2013;28:360-369. doi: 10.1097/
JCN.Ob013e31824bcebce.

McSweeney JC, Cleves MA, Zhao W, Lefler LL, Yang S. Cluster analy-
sis of women’s prodromal and acute myocardial infarction symptoms by
race and other characteristics. J Cardiovasc Nurs. 2010;25:311-322. doi:
10.1097/JCN.0b013e3181cfbals.

McSweeney JC. Women’s narratives: evolving symptoms of myo-
cardial infarction. J Women Aging. 1998;10:67-83. doi: 10.1300/
J074v10n02_06.

Gallagher R, Marshall AP, Fisher MJ. Symptoms and treatment-seeking
responses in women experiencing acute coronary syndrome for the first
time. Heart Lung. 2010;39:477—484. doi: 10.1016/j.hrtlng.2009.10.019.
Hwang SY, Zerwic 1], Jeong MH. Impact of prodromal symptoms on
prehospital delay in patients with first-time acute myocardial infarc-
tion in Korea. J Cardiovasc Nurs. 2011;26:194-201. doi: 10.1097/
JCN.0b013e3181f3e2e0.

McSweeney J, Cleves MA, Fischer EP, Moser DK, Wei J, Pettey C, Rojo
MO, Armbya N. Predicting coronary heart disease events in women: a
longitudinal cohort study. J Cardiovasc Nurs. 2014;29:482-492. doi:
10.1097/JCN.0b013e3182a409cc.

Pastorius Benziger C, Bernabe-Ortiz A, Miranda JJ, Bukhman G. Sex
differences in health care-seeking behavior for acute coronary syndrome

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

2217.

228.

229.

230.

in a low income country, Peru. Crit Pathw Cardiol. 2011;10:99-103. doi:
10.1097/HPC.0b013e318223e375.

McSweeney JC, Lefler LL, Crowder BF. What’s wrong with me?
Women’s coronary heart disease diagnostic experiences. Prog Cardiovasc
Nurs. 2005;20:48-57.

Maserejian NN, Link CL, Lutfey KL, Marceau LD, McKinlay JB.
Disparities in physicians’ interpretations of heart disease symptoms by
patient gender: results of a video vignette factorial experiment. J Womens
Health (Larchmt). 2009;18:1661-1667. doi: 10.1089/jwh.2008.1007.
Welch LC, Lutfey KE, Gerstenberger E, Grace M. Gendered uncer-
tainty and variation in physicians’ decisions for coronary heart disease:
the double-edged sword of “atypical symptoms.” J Health Soc Behav.
2012;53:313-328. doi: 10.1177/0022146512456026.

Lutfey KE, Link CL, Grant RW, Marceau LD, McKinlay JB. Is cer-
tainty more important than diagnosis for understanding race and gender
disparities? An experiment using coronary heart disease and depres-
sion case vignettes. Health Policy. 2009;89:279-287. doi: 10.1016/j.
healthpol.2008.06.007.

Chang AM, Mumma B, Sease KL, Robey JL, Shofer FS, Hollander JE.
Gender bias in cardiovascular testing persists after adjustment for pre-
senting characteristics and cardiac risk. Acad Emerg Med. 2007;14:599—
605. doi: 10.1197/j.aem.2007.03.1355.

Crilly M, Bundred P, Hu X, Leckey L, Johnstone F. Gender differences
in the clinical management of patients with angina pectoris: a cross-sec-
tional survey in primary care. BMC Health Serv Res. 2007;7:142. doi:
10.1186/1472-6963-7-142.

Adams A, Buckingham CD, Lindenmeyer A, McKinlay JB, Link C,
Marceau L, Arber S. The influence of patient and doctor gender on diag-
nosing coronary heart disease. Sociol Health Ilin. 2008;30:1-18. doi:
10.1111/j.1467-9566.2007.01025 .x.

Crilly MA, Bundred PE, Leckey EC, Johnstone FC. Gender bias in the
clinical management of women with angina: another look at the Yentl
syndrome. J Womens Health (Larehmt).2008;17:331-342. doi: 10.1089/
jwh.2007.0383.

Khan NA, Daskalopoulou SS, Karp I, Eisenberg MJ, Pelletier R, Tsadok
MA, Dasgupta K, Norris CM, Pilote L; GENESIS PRAXY Team.
Sex differences in acute coronary syndrome symptom presentation in
young patients. JAMA Intern Med. 2013;173:1863-1871. doi: 10.1001/
jamainternmed.2013.10149.

McSweeney JC, O’Sullivan P, Cleves MA, Lefler LL, Cody M, Moser
DK, Dunn K, Kovacs M, Crane PB, Ramer L, Messmer PR, Garvin BJ,
Zhao W. Racial differences in.women’s prodromal and acute symptoms
of myocardial infarction. Am J Crit Care. 2010;19:63-73. doi: 10.4037/
ajcc2010372.

Coventry LL, Finn J, Bremner AP. Sex differences in symptom
presentation in acute myocardial infarction: a systematic review
and meta-analysis. Heart Lung. 2011;40:477-491. doi: 10.1016/j.
hrtlng.2011.05.001.

Davis LL, Mishel M, Moser DK, Esposito N, Lynn MR, Schwartz
TA. Thoughts and behaviors of women with symptoms of acute
coronary syndrome. Heart Lung. 2013;42:428-435. doi: 10.1016/j.
hrtlng.2013.08.001.

Lefler LL, McSweeney JC, Garner KK. “Missing pieces”: exploring car-
diac risk perceptions in older women. Res Gerontol Nurs. 2013;6:107—
115. doi: 10.3928/19404921-20121217-01.

Sullivan AL, Beshansky JR, Ruthazer R, Murman DH, Mader TJ,
Selker HP. Factors associated with longer time to treatment for
patients with suspected acute coronary syndromes: a cohort study.
Circ Cardiovasc Qual Outcomes. 2014;7:86-94. doi: 10.1161/
CIRCOUTCOMES.113.000396.

Alshahrani H, McConkey R, Wilson J, Youssef M, Fitzsimons D. Female
gender doubles pre-hospital delay times for patients experiencing ST seg-
ment elevation myocardial infarction in Saudi Arabia. Eur J Cardiovasc
Nurs. 2014;13:399-407. doi: 10.1177/1474515113507159.

Wang X, Hsu LL. Treatment-seeking delays in patients with acute myo-
cardial infarction and use of the emergency medical service. J Int Med
Res. 2013;41:231-238. doi: 10.1177/0300060512474567.

Mussi FC, Gibaut Mde A, Damasceno CA, Mendes AS, Guimaraes AC,
Santos CA. Sociodemographic and clinical factors associated with the
decision time for seeking care in acute myocardial infarction. Rev Lat Am
Enfermagem. 2013;21:1248-1257. doi: 10.1590/0104-1169.3178.2361.

. Melberg T, Kindervaag B, Rosland J. Gender-specific time delays to

primary PCI in STEMI: a consequence of the presentation or the man-
agement at the EMC centre? Eur Heart J. 2013;34:5919. doi: 10.1093/
eurheartj/eht311.5919.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

McSweeney et al

Banks AD, Dracup K. Are there gender differences in the reasons why
African Americans delay in seeking medical help for symptoms of an
acute myocardial infarction? Ethn Dis. 2007;17:221-227.

De Luca G, Gibson MC, Hof AW, Cutlip D, Zeymer U, Noc M,
Maioli M, Zorman S, Gabriel MH, Secco GG, Emre A, Dudek D,
Rakowski T, Gyongyosi M, Huber K, Bellandi F; EGYPT Cooperation.
Impact of time-to-treatment on myocardial perfusion after primary
percutaneous coronary intervention with Gp IIb-Illa inhibitors. J
Cardiovasc Med (Hagerstown). 2013;14:815-820. doi: 10.2459/
JCM.0b013e32835fcb38.

Kirchberger I, Heier M, Wende R, von Scheidt W, Meisinger C. The
patient’s interpretation of myocardial infarction symptoms and its role in
the decision process to seek treatment: the MONICA/KORA Myocardial
Infarction Registry. Clin Res Cardiol. 2012;101:909-916. doi: 10.1007/
500392-012-0475-8.

Banks AD, Malone RE. Accustomed to enduring: experiences of
African-American women seeking care for cardiac symptoms. Heart
Lung. 2005;34:13-21. doi: 10.1016/j.hrtlng.2004.08.001.

Canto JG, Rogers WJ, Goldberg RJ, Peterson ED, Wenger NK, Vaccarino
V, Kiefe CI, Frederick PD, Sopko G, Zheng ZJ; NRMI Investigators.
Association of age and sex with myocardial infarction symptom presen-
tation and in-hospital mortality. JAMA. 2012;307:813-822. doi: 10.1001/
jama.2012.199.

Rosenfeld AG, Lindauer A, Darney BG. Understanding treatment-seek-
ing delay in women with acute myocardial infarction: descriptions of
decision-making patterns. Am J Crit Care. 2005;14:285-293.

Luepker RV, Raczynski JM, Osganian S, Goldberg RJ, Finnegan JR
Jr, Hedges JR, Goff DC Jr, Eisenberg MS, Zapka JG, Feldman HA,
Labarthe DR, McGovern PG, Cornell CE, Proschan MA, Simons-
Morton DG. Effect of a community intervention on patient delay and
emergency medical service use in acute coronary heart disease: the
Rapid Early Action for Coronary Treatment (REACT) Trial. JAMA.
2000;284:60-67.

Dracup K, McKinley S, Riegel B, Moser DK, Meischke H, Doering LV,
Davidson P, Paul SM, Baker H, Pelter M. A randomized clinical trial
to reduce patient prehospital delay to treatment in acute coronary syn-
drome. Circ Cardiovasc Qual Qutcomes. 2009;2:524-532. doi: 10.1161/
CIRCOUTCOMES.109.852608.

Kaski JC, Rosano GM, Collins P, Nihoyannopoulos P, Maseri A,
Poole-Wilson PA. Cardiac syndrome X: clinical characteristics and left
ventricular function: long-term follow-up study. J.Am Coll Cardiol.
1995;25:807-814. doi:10:1016/0735-1097(94)00507-M:

Crea F, Lanza GA. Angina pectoris and normal coronary arteries: cardiac
syndrome X. Heart. 2004;90:457-463.

Sullivan AK, Holdright DR, Wright CA, Sparrow JL, Cunningham D,
Fox KM. Chest pain in women: clinical, investigative, and prognostic
features. BMJ. 1994;308:883-886.

Banks K, Puttagunta D, Murphy S, Lo M, McGuire DK, de Lemos JA,
Chang AY, Grundy SM, Khera A. Clinical characteristics, vascular func-
tion, and inflammation in women with angina in the absence of coro-
nary atherosclerosis: the Dallas Heart Study. JACC Cardiovasc Imaging.
2011;4:65-73. doi: 10.1016/j.jcmg.2010.10.006.

Hochman JS, Tamis JE, Thompson TD, Weaver WD, White HD, Van
de Werf F, Aylward P, Topol EJ, Califf RM. Sex, clinical presentation,
and outcome in patients with acute coronary syndromes: Global Use
of Strategies to Open Occluded Coronary Arteries in Acute Coronary
Syndromes IIb Investigators. N Engl J Med. 1999;341:226-232. doi:
10.1056/NEJM199907223410402.

Hochman JS, McCabe CH, Stone PH, Becker RC, Cannon CP, DeFeo-
Fraulini T, Thompson B, Steingart R, Knatterud G, Braunwald E.
Outcome and profile of women and men presenting with acute coronary
syndromes: a report from TIMI IIIB: TIMI Investigators: Thrombolysis
in Myocardial Infarction. J Am Coll Cardiol. 1997;30:141-148.

Glaser R, Herrmann HC, Murphy SA, Demopoulos LA, DiBattiste
PM, Cannon CP, Braunwald E. Benefit of an early invasive man-
agement strategy in women with acute coronary syndromes. JAMA.
2002;288:3124-3129.

Diver DJ, Bier JD, Ferreira PE, Sharaf BL, McCabe C, Thompson B,
Chaitman B, Williams DO, Braunwald E. Clinical and arteriographic
characterization of patients with unstable angina without critical coro-
nary arterial narrowing (from the TIMI-IIIA Trial). Am J Cardiol.
1994;74:531-537.

Bugiardini R, Bairey Merz CN. Angina with “normal” coronary arter-
ies: a changing philosophy. JAMA. 2005;293:477-484. doi: 10.1001/
jama.293.4.477.

Preventing and Experiencing IHD as a Woman 27

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

Douglas PS, Ginsburg GS. The evaluation of chest pain in women. N Engl
J Med. 1996;334:1311-1315. doi: 10.1056/NEJM199605163342007.
Milner KA, Funk M, Arnold A, Vaccarino V. Typical symptoms
are predictive of acute coronary syndromes in women. Am Heart J.
2002;143:283-288.

Canto JG, Goldberg RJ, Hand MM, Bonow RO, Sopko G, Pepine CJ,
Long T. Symptom presentation of women with acute coronary syn-
dromes: myth vs reality. Arch Intern Med. 2007;167:2405-2413. doi:
10.1001/archinte.167.22.2405.

Rosengren A, Wallentin L, K Gitt A, Behar S, Battler A, Hasdai D. Sex,
age, and clinical presentation of acute coronary syndromes. Eur Heart J.
2004;25:663-670. doi: 10.1016/j.ehj.2004.02.023.

Tamura A, Naono S, Torigoe K, Hino M, Maeda S, Shinozaki K, Zaizen
H, Kadota J. Gender differences in symptoms during 60-second balloon
occlusion of the coronary artery. Am J Cardiol. 2013;111:1751-1754.
doi: 10.1016/j.amjcard.2013.02.026.

DeVon HA, Ryan CJ, Ochs AL, Shapiro M. Symptoms across the con-
tinuum of acute coronary syndromes: differences between women and
men. Am J Crit Care. 2008;17:14-24; quiz 25.

Kreatsoulas C, Shannon HS, Giacomini M, Velianou JL, Anand SS.
Reconstructing angina: cardiac symptoms are the same in women
and men. JAMA Intern Med. 2013;173:829-831. doi: 10.1001/
jamainternmed.2013.229.

Sharaf BL, Pepine CJ, Kerensky RA, Reis SE, Reichek N, Rogers
W1, Sopko G, Kelsey SF, Holubkov R, Olson M, Miele NJ, Williams
DO, Merz CN; WISE Study Group. Detailed angiographic analysis of
women with suspected ischemic chest pain (pilot phase data from the
NHLBI-sponsored Women’s Ischemia Syndrome Evaluation [WISE]
Study Angiographic Core Laboratory). Am J Cardiol. 2001;87:937—
941, A3.

Johnson BD, Shaw LJ, Pepine CJsReis SE, Kelsey SF, Sopko G, Rogers
WIJ, Mankad S, Sharaf BL, Bittner|V,-Bairey Merz CN. Persistent
chest pain predicts cardiovascular events ‘in'women without obstruc-
tive coronary artery disease: results from the NIH-NHLBI-sponsored
Women’s Ischaemia Syndrome Evaluation (WISE) study. Eur Heart J.
2006;27:1408-1415. doi: 10.1093/eurheartj/eh1040.

Poon S, Goodman SG, Yan RT, Bugiardini R, Bierman AS, Eagle KA,
Johnston N, Huynh T, Grondin FR, Schenck-Gustafsson K, Yan AT.
Bridging the gender gap: insights from a contemporary analysis of
sex-related differences in the treatment and outcomes of patients with
acute coronary syndromes. Am Heart J. 2012;163:66—73. doi: 10.1016/j.
ahj.2011.09.025.

Merz CN. The Yentl syndrome is alive and well. Eur Heart J.
2011;32:1313-1315. doi: 10.1093/eurheartj/ehr083.

Radico F, Cicchitti V, Zimarino M, De Caterina R. Angina pectoris and
myocardial ischemia in the absence of obstructive coronary artery dis-
ease: practical considerations for diagnostic tests. JACC Cardiovasc
Interv. 2014;7:453-463. doi: 10.1016/j.jcin.2014.01.157.

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; WISE Investigators. 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(suppl):S21-S29. doi: 10.1016/j.jacc.2004.12.084.

Johnson BD, Shaw LJ, Buchthal SD, Bairey Merz CN, Kim HW, Scott
KN, Doyle M, Olson MB, Pepine CJ, den Hollander J, Sharaf B, Rogers
WIJ, Mankad S, Forder JR, Kelsey SF, Pohost GM; National Institutes
of Health-National Heart, Lung, and Blood Institute. Prognosis in
women with myocardial ischemia in the absence of obstructive coronary
disease: results from the National Institutes of Health-National Heart,
Lung, and Blood Institute-Sponsored Women’s Ischemia Syndrome
Evaluation (WISE). Circulation. 2004;109:2993-2999. doi: 10.1161/01.
CIR.0000130642.79868.B2.

Diamond GA, Forrester JS. Analysis of probability as an aid in the clini-
cal diagnosis of coronary-artery disease. N Engl J Med. 1979;300:1350—
1358. doi: 10.1056/NEIM197906143002402.

Mieres JH, Gulati M, Bairey Merz N, Berman DS, Gerber TC, Hayes
SN, Kramer CM, Min JK, Newby LK, Nixon JV, Srichai MB, Pellikka
PA, Redberg RF, Wenger NK, Shaw LJ; on behalf of the American
Heart Association Cardiac Imaging Committee of the Council on
Clinical Cardiology; Cardiovascular Imaging and Intervention
Committee of the Council on Cardiovascular Radiology and
Intervention. Role of noninvasive testing in the clinical evaluation of

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

28

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

Circulation March 29, 2016

women with suspected ischemic heart disease: a consensus statement
from the American Heart Association [published correction appears
in Circulation. 2014;130:e86]. Circulation. 2014;130:350-379. doi:
10.1161/CIR.0000000000000061.

Kwok Y, Kim C, Grady D, Segal M, Redberg R. Meta-analysis of exer-
cise testing to detect coronary artery disease in women. Am J Cardiol.
1999:83:660-666.

Hlatky MA, Pryor DB, Harrell FE Jr, Califf RM, Mark DB, Rosati RA.
Factors affecting sensitivity and specificity of exercise electrocardiogra-
phy: multivariable analysis. Am J Med. 1984;77:64-71.

Guiteras P, Chaitman BR, Waters DD, Bourassa MG, Scholl JM,
Ferguson RJ, Wagniart P. Diagnostic accuracy of exercise ECG lead sys-
tems in clinical subsets of women. Circulation. 1982;65:1465-1474.
Mora S, Redberg RF, Cui Y, Whiteman MK, Flaws JA, Sharrett AR,
Blumenthal RS. Ability of exercise testing to predict cardiovascular
and all-cause death in asymptomatic women: a 20-year follow-up of the
Lipid Research Clinics Prevalence Study. JAMA. 2003;290:1600-1607.
doi: 10.1001/jama.290.12.1600.

Shaw LJ, Olson MB, Kip K, Kelsey SF, Johnson BD, Mark DB, Reis
SE, Mankad S, Rogers WJ, Pohost GM, Arant CB, Wessel TR, Chaitman
BR, Sopko G, Handberg E, Pepine CJ, Bairey Merz CN. The value of
estimated functional capacity in estimating outcome: results from the
NHBLI-Sponsored Women’s Ischemia Syndrome Evaluation (WISE)
Study. J Am Coll Cardiol. 2006;47(suppl):S36-S43. doi: 10.1016/j.
jacc.2005.03.080.

Alexander KP, Shaw LJ, Shaw LK, Delong ER, Mark DB, Peterson
ED. Value of exercise treadmill testing in women [published correc-
tion appears in J Am Coll Cardiol. 1999;33:289]. J Am Coll Cardiol.
1998;32:1657-1664.

Marwick TH, Anderson T, Williams MJ, Haluska B, Melin JA, Pashkow
F, Thomas JD. Exercise echocardiography is an accurate and cost-effi-
cient technique for detection of coronary artery disease in women. J Am
Coll Cardiol. 1995;26:335-341.

Heupler S, Mehta R, Lobo A, Leung D, Marwick TH. Prognostic impli-
cations of exercise echocardiography in women with known or suspected
coronary artery disease. J Am Coll Cardiol. 1997;30:414-420.
Arruda-Olson AM, Juracan EM, Mahoney DW, McCully RB, Roger
VL, Pellikka PA. Prognostic value of exercise echocardiography
in 5,798 patients: is there a gender difference? J Am' Coll Cardiol.
2002;39:625-631.

Taillefer R, DePuey. EG, Udelson JE, Beller GA, Latour Y, Reeves F.
Comparative diagnosticaccuracy<of-Tl201. and Tc-99m sestamibi
SPECT imaging (perfusion and ECG-gated SPECT) in detecting coro-
nary artery disease in women. J Am Coll Cardiol. 1997;29:69-717.
Santana-Boado C, Candell-Riera J, Castell-Conesa J, Aguadé-Bruix
S, Garcia-Burillo A, Canela T, Gonzilez JM, Cortadellas J, Ortega D,
Soler-Soler J. Diagnostic accuracy of technetium-99m-MIBI myocardial
SPECT in women and men. J Nucl Med. 1998;39:751-755.

Amanullah AM, Berman DS, Hachamovitch R, Kiat H, Kang X,
Friedman JD. Identification of severe or extensive coronary artery dis-
ease in women by adenosine technetium-99m sestamibi SPECT. Am J
Cardiol. 1997;80:132-137.

Marwick TH, Shaw LJ, Lauer MS, Kesler K, Hachamovitch R, Heller
GV, Travin MI, Borges-Neto S, Berman DS, Miller DD. The noninva-
sive prediction of cardiac mortality in men and women with known or
suspected coronary artery disease: Economics of Noninvasive Diagnosis
(END) Study Group. Am J Med. 1999;106:172-178.

Klocke FJ, Baird MG, Lorell BH, Bateman TM, Messer JV, Berman
DS, O’Gara PT, Carabello BA, Russell RO Jr, Cerqueira MD, St John
Sutton MG, DeMaria AN, Udelson JE, Kennedy JW, Verani MS,
Williams KA, Antman EM, Smith SC Jr, Alpert JS, Gregoratos G,
Anderson JL, Hiratzka LF, Faxon DP, Hunt SA, Fuster V, Jacobs AK,
Gibbons RJ, Russell RO. ACC/AHA/ASNC guidelines for the clinical
use of cardiac radionuclide imaging—executive summary: a report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (ACC/AHA/ASNC Committee to Revise
the 1995 Guidelines for the Clinical Use of Cardiac Radionuclide
Imaging). Circulation. 2003;108:1404-1418. doi: 10.1161/01.
CIR.0000080946.42225.4D.

Mieres JH, Shaw LJ, Hendel RC, Miller DD, Bonow RO, Berman
DS, Heller GV, Mieres JH, Bairey-Merz CN, Berman DS, Bonow RO,
Cacciabaudo JM, Heller GV, Hendel RC, Kiess MC, Miller DD, Polk
DM, Shaw LJ, Smanio PE, Walsh MN; Writing Group on Perfusion
Imaging in Women. American Society of Nuclear Cardiology consensus
statement: Task Force on Women and Coronary Artery Disease: the role

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

of myocardial perfusion imaging in the clinical evaluation of coronary
artery disease in women [correction] [published correction appears in
J Nucl Cardiol. 2003;10:218]. J Nucl Cardiol. 2003;10:95-101. doi:
10.1067/mnc.2003.130362.

Panting JR, Gatehouse PD, Yang GZ, Grothues F, Firmin DN, Collins P,
Pennell DJ. Abnormal subendocardial perfusion in cardiac syndrome X
detected by cardiovascular magnetic resonance imaging. N Engl J Med.
2002;346:1948-1953. doi: 10.1056/NEJMoa012369.

Nagel E, Lehmkuhl HB, Bocksch W, Klein C, Vogel U, Frantz E, Ellmer
A, Dreysse S, Fleck E. Noninvasive diagnosis of ischemia-induced wall
motion abnormalities with the use of high-dose dobutamine stress MRI:
comparison with dobutamine stress echocardiography. Circulation.
1999:99:763-770.

Buchthal SD, den Hollander JA, Merz CN, Rogers WIJ, Pepine CJ,
Reichek N, Sharaf BL, Reis S, Kelsey SF, Pohost GM. Abnormal myo-
cardial phosphorus-31 nuclear magnetic resonance spectroscopy in
women with chest pain but normal coronary angiograms. N Engl J Med.
2000;342:829-835. doi: 10.1056/NEIM200003233421201.

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; on behalf of the Get
With the Guidelines Steering Committee and Investigators. Sex
differences in medical care and early death after acute myocar-
dial infarction. Circulation. 2008;118:2803-2810. doi: 10.1161/
CIRCULATIONAHA.108.789800.

Bangalore S, Fonarow GC, Peterson ED, Hellkamp AS, Hernandez AF,
Laskey W, Peacock WF, Cannon CP, Schwamm LH, Bhatt DL; on behalf
of the Get With the Guidelines Steering Committee and Investigators.
Age and gender differences in quality of care and outcomes for
patients with ST-segment elevation myocardial infarction. Am J Med.
2012;125:1000-1009. doi: 10.1016/j.amjmed.2011.11.016.

Naicker K, Liddy C, Singh J, Taljaard M; Hogg W. Quality of cardiovas-
cular disease care in Ontario’s primary ‘care practices: a cross sectional
study examining differences in guideline adherence by patient sex. BMC
Fam Pract. 2014;15:123. doi: 10.1186/1471-2296-15-123.
Dallongevillle J, De Bacquer D, Heidrich J, De Backer G, Prugger C,
Kotseva K, Montaye M, Amouyel P; EUROASPIRE Study Group.
Gender differences in the implementation of cardiovascular prevention
measures after an acute coronary event. Heart, 2010;96:1744-1749. doi:
10:1136/hrt.2010.196170.

Vacearino V, Rathore SS, Wenger NK, Frederick PD, Abramson JL,
Barron HV, Manhapra A, Mallik S, Krumholz ' HM; National Registry
of Myocardial Infarction Investigators. Sex and racial differences in the
management of acute myocardial infarction, 1994 through 2002. N Engl
J Med. 2005;353:671-682. doi: 10.1056/NEJMsa032214.
Blomkalns AL, Chen AY, Hochman JS, Peterson ED, Trynosky K, Diercks
DB, Brogan GX Jr, Boden WE, Roe MT, Ohman EM, Gibler WB, Newby
LK; CRUSADE Investigators. Gender disparities in the diagnosis and
treatment of non-ST-segment elevation acute coronary syndromes: large-
scale observations from the CRUSADE (Can Rapid Risk Stratification
of Unstable Angina Patients Suppress Adverse Outcomes With Early
Implementation of the American College of Cardiology/American Heart
Association Guidelines) National Quality Improvement Initiative. J Am
Coll Cardiol. 2005;45:832-837. doi: 10.1016/j.jacc.2004.11.055.

Lewis WR, Ellrodt AG, Peterson E, Hernandez AF, LaBresh KA, Cannon
CP, Pan W, Fonarow GC. Trends in the use of evidence-based treat-
ments for coronary artery disease among women and the elderly: find-
ings from the Get With The Guidelines Quality-Improvement Program.
Circ Cardiovasc Qual Outcomes. 2009;2:633-641. doi: 10.1161/
CIRCOUTCOMES.108.824763.

Thanavaro JL, Moore SM, Anthony M, Narsavage G, Delicath T.
Predictors of health promotion behavior in women without prior his-
tory of coronary heart disease. Appl Nurs Res. 2006;19:149-155. doi:
10.1016/j.apnr.2005.07.006.

Moore LC, Kimble LP, Minick P. Perceptions of cardiac risk fac-
tors and risk-reduction behavior in women with known coronary
heart disease. J Cardiovasc Nurs. 2010;25:433-443. doi: 10.1097/
JCN.0b013e3181defdS8.

Murphy BM, Worcester MU, Elliott PC, Le Grande MR, Higgins RO,
Goble AJ. Change in women’s dietary fat intake following an acute car-
diac event: extent, predictors and comparison with non-cardiac Australian
women and older adults. Eur J Cardiovasc Nurs. 2006;5:206-213. doi:
10.1016/j.ejenurse.2006.01.002.

Patterson RE, Kristal AR, Coates RJ, Tylavsky FA, Ritenbaugh C, Van
Horn L, Caggiula AW, Snetselaar L. Low-fat diet practices of older

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

312.

313.

314.

McSweeney et al

women: prevalence and implications for dietary assessment. J Am Diet
Assoc. 1996;96:670-679.

Gans KM, Burkholder GJ, Risica PM, Lasater TM. Baseline fat-related
dietary behaviors of white, Hispanic, and black participants in a choles-
terol screening and education project in New England. J Am Diet Assoc.
2003;103:699-706. doi: 10.1053/jada.2003.50135.

Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA,
Macera CA, Heath GW, Thompson PD, Bauman A; American College of
Sports Medicine; American Heart Association. Physical activity and pub-
lic health: updated recommendation for adults from the American College
of Sports Medicine and the American Heart Association. Circulation.
2007;116:1081-1093. doi: 10.1161/CIRCULATIONAHA.107.185649.
Mozumdar A, Liguori G, DuBose K. Occupational physical activity and
risk of coronary heart disease among active and non-active working-
women of North Dakota: a Go Red North Dakota Study. Anthropol Anz.
2012;69:201-219.

Moss L, Crane PB. Exploring polypharmacy in elderly women
after myocardial infarction. J Women Aging. 2010;22:22-33. doi:
10.1080/08952840903488948.

Coleman CI, Limone B, Sobieraj DM, Lee S, Roberts MS, Kaur R,
Alam T. Dosing frequency and medication adherence in chronic disease.
J Manag Care Pharm. 2012;18:527-539.

Moise N, Schwartz J, Bring R, Shimbo D, Kronish IM. Antihypertensive
drug class and adherence: an electronic monitoring study. Am J
Hypertens. 2015;28:717-721. doi: 10.1093/ajh/hpul99.

Sicras Mainar A, Munoz Orti G, Font Ramos B, Majos Oro N, Navarro
Artieda R, Ibanez Nolla J. Relationship of polymedication in controlling
blood pressure: compliance, persistence, costs and incidence of new car-
diovascular events [in Spanish]. Med Clin (Barc). 2013;141:53-61.
Harmsen CG, Stgvring H, Jarbgl DE, Nexge J, Gyrd-Hansen D, Nielsen
JB, Edwards A, Kristiansen IS. Medication effectiveness may not be
the major reason for accepting cardiovascular preventive medication: a
population-based survey. BMC Med Inform Decis Mak. 2012;12:89. doi:
10.1186/1472-6947-12-89.

Smedley BD, Stith AY, Nelson ARE. Unequal Treatment: Confronting
Racial and Ethnic Disparities, in Health Care. Washington, DC: The
National Academies Press; 2003.

Kilbourne AM, Switzer G, Hyman K, Crowley-Matoka M, Fine MJ.
Advancing health disparities research within the health care system: a
conceptual framework. Am J Public Health. 2006;96:2113-2121. doi:
10.2105/AJPH.2005.077628.

Rathore SS, KrumholzHM:Differences, disparities, and biases: clarifying
racial variations in health care use. Ann Intern Med. 2004;141:635-638.
Hebert PL, Sisk JE, Howell EA. When does a difference become a dis-
parity? Conceptualizing racial and ethnic disparities in health. Health Aff
(Millwood). 2008;27:374-382. doi: 10.1377/hlthaff.27.2.374.

Balsa AL, McGuire TG. Prejudice, clinical uncertainty and stereotyping
as sources of health disparities. J Health Econ. 2003;22:89-116.
Barnhart JM, Monrad ES, Cohen HW. Physicians’ perceptions of the
effect of nonclinical factors on coronary revascularization. Heart Dis.
2003;5:313-319. doi: 10.1097/01.hdx.0000089868.93202.10.

Barnhart JM, Wassertheil-Smoller S. The effect of race/ethnicity, sex,
and social circumstances on coronary revascularization preferences: a
vignette comparison. Cardiol Rev. 2006;14:215-222. doi: 10.1097/01.
¢rd.0000214180.24372.d5.

Burgess DJ, Fu SS, van Ryn M. Why do providers contribute to dispari-
ties and what can be done about it? J Gen Intern Med. 2004;19:1154—
1159. doi: 10.1111/j.1525-1497.2004.30227 x.

Denberg TD, Kim FJ, Flanigan RC, Fairclough D, Beaty BL, Steiner
JF, Hoffman RM. The influence of patient race and social vulner-
ability on urologist treatment recommendations in localized pros-
tate carcinoma. Med Care. 2006;44:1137-1141. doi: 10.1097/01.
mlr.0000233684.27657.36.

. Lutfey KE, Link CL, Marceau LD, Grant RW, Adams A, Arber

S, Siegrist J, Bonte M, von dem Knesebeck O, McKinlay JB.
Diagnostic certainty as a source of medical practice variation in
coronary heart disease: results from a cross-national experiment of
clinical decision making. Med Decis Making. 2009;29:606-618. doi:
10.1177/0272989X09331811.

van Ryn M, Burke J. The effect of patient race and socio-economic status
on physicians’ perceptions of patients. Soc Sci Med. 2000;50:813-828.
Hamberg K. Gender bias in medicine. Womens Health (Lond Engl).
2008:4:237-243. doi: 10.2217/17455057.4.3.237.

Bernstein B, Kane R. Physicians’ attitudes toward female patients. Med
Care. 1981;19:600-608.

Preventing and Experiencing IHD as a Woman 29

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

332.

333.

334.

335.

336.

van Ryn M, Burgess D, Malat J, Griffin J. Physicians’ perceptions of
patients’ social and behavioral characteristics and race disparities in
treatment recommendations for men with coronary artery disease. Am J
Public Health. 2006;96:351-357. doi: 10.2105/AJPH.2004.041806.
Schulman KA, Berlin JA, Harless W, Kerner JF, Sistrunk S, Gersh BJ,
Dubé R, Taleghani CK, Burke JE, Williams S, Eisenberg JM, Escarce
JJ. The effect of race and sex on physicians’ recommendations for car-
diac catheterization [published correction appears in N Engl J Med.
1999;340:1130]. N Engl J Med. 1999;340:618-626. doi: 10.1056/
NEJIM199902253400806.

Hamberg K, Risberg G, Johansson EE, Westman G. Gender bias in phy-
sicians” management of neck pain: a study of the answers in a Swedish
national examination. J Womens Health Gend Based Med. 2002;11:653—
666. doi: 10.1089/152460902760360595.

Knutson KM, Mah L, Manly CF, Grafman J. Neural correlates of auto-
matic beliefs about gender and race. Hum Brain Mapp. 2007;28:915—
930. doi: 10.1002/hbm.20320.

Greenwald AG, Banaji MR. Implicit social cognition: attitudes, self-
esteem, and stereotypes. Psychol Rev. 1995;102:4-27.

Gupta VK, Turban DB, Bhawe NM. The effect of gender stereotype
activation on entrepreneurial intentions. J Appl Psychol. 2008;93:1053—
1061. doi: 10.1037/0021-9010.93.5.1053.

Rudman LA, Greenwald AG, McGhee DE. Implicit self-concept
and evaluative implicit gender stereotypes: self and ingroup share
desirable traits. Pers Soc Psychol Bull. 2001;27:1164-1178. doi:
10.1177/0146167201279009.

Blair I. Implicit stereotypes and prejudice. In: Gordon B.Moskowitz, ed.
Cognitive Social Psychology: The Princeton Symposium on the Legacy
and Future of Social Cognition. 1st ed. Mahwah, NJ: Lawrence Erlbaum
Associates Publishers; 2001.

Devine PG. Stereotypes and prejudice: their automatic and controlled
components. Pers Soc Psychol. 1989:56:5-18.

Dovidio JF, Kawakami K, Johnson C,“Johnson'B, Howard A. On the
nature of prejudice: automatic and controlled processes. J Exp Soc
Psychol. 1997;33:510-540.

Blair IV, Havranek EP, Price DW, Hanratty R, Fairclough DL, Farley
T, Hirsh HK, Steiner JF. Assessment of biases against Latinos and
African _Americans among_primary care_ providers and commu-
nity members. Am J Public Health. 2013;103:92-98. doi: 10.2105/
AJPH.2012.300812.

Waller T, Lampman C, Lupfer-Johnson G. Assessing bias against
overweight individuals among nursing. and..psychology students:
an implicit association test. J Clin Nurs. 2012;21:3504-3512. doi:
10.1111/5.1365-2702.2012.04226.x.

Sabin JA, Marini M, Nosek BA. Implicit and explicit anti-fat bias among
a large sample of medical doctors by BMI, race/ethnicity and gender.
PLoS One. 2012;7:¢48448. doi: 10.1371/journal.pone.0048448.

van Ryn M, Saha S. Exploring unconscious bias in disparities research
and medical education. JAMA. 2011;306:995-996. doi: 10.1001/
jama.2011.1275.

Yang Z, Huang P, Zhu X. Unconscious race and social class bias in
medical students. JAMA. 2011;306:2454; author reply 2454-2455. doi:
10.1001/jama.2011.1770.

Blair IV, Steiner JF, Havranek EP. Unconscious (implicit) bias and health
disparities: where do we go from here? Perm J. 2011;15:71-78.

. Greenwald AG, McGhee DE, Schwartz JL. Measuring individual dif-

ferences in implicit cognition: the Implicit Association Test. J Pers Soc
Psychol. 1998;74:1464—1480.

Greenwald AG, Nosek BA, Banaji MR. Understanding and using the
Implicit Association Test, I: an improved scoring algorithm. J Pers Soc
Psychol. 2003;85:197-216.

Nosek BA, Greenwald AG, Banaji MR. Understanding and using
the Implicit Association Test, II: method variables and con-
struct validity. Pers Soc Psychol Bull. 2005;31:166-180. doi:
10.1177/0146167204271418.

Lane KA, Banaji MR, Nosek B, Greenwald A. Understanding and
using the Implicit Association Test, IV: what we know (so far) about
the method. In: Wittenbrink B, Schwarz N, eds. Implicit Measures of
Attitudes. New York, NY: Guilford Press; 2007:59-102.

Eagly AH, Steffen VJ. Gender stereotypes stem from the distri-
bution of women and men into social roles. J Pers Soc Psychol.
1984:;46:735-754.

Isaac C, Lee B, Carnes M. Interventions that affect gender bias in hir-
ing: a systematic review. Acad Med. 2009;84:1440-1446. doi: 10.1097/
ACM.0b013e3181b6ba00.

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

30

338.

339.

340.

341.

Circulation March 29, 2016

. Rudman LA, Glick P. Prescriptive gender stereotypes and backlash

toward agentic women. J Soc Issues. 2001;57:743-762.

Gorman EH. Gender stereotypes, same-gender preferences, and organi-
zational variation in the hiring of women: evidence from law firms. Am
Sociol Rev. 2005;70:702-728.

Burgess D, Borgida E. Who women are, who women should be:
descriptive and prescriptive gender stereotyping in sex discrimination.
Psychology, Public Policy, and Law. 1999;5:665—-692.

Blair IV, Steiner JF, Hanratty R, Price DW, Fairclough DL, Daugherty
SL, Bronsert M, Magid DJ, Havranek EP. An investigation of associa-
tions between clinicians’ ethnic or racial bias and hypertension treatment,
medication adherence and blood pressure control. J Gen Intern Med.
2014;29:987-995. doi: 10.1007/s11606-014-2795-z.

Chae DH, Nuru-Jeter AM, Adler NE. Implicit racial bias as a modera-
tor of the association between racial discrimination and hypertension: a
study of Midlife African American men. Psychosom Med. 2012;74:961—
964. doi: 10.1097/PSY.0b013e3182733665.

342.

343.

344,

Green AR, Carney DR, Pallin DJ, Ngo LH, Raymond KL, Iezzoni
LI Banaji MR. Implicit bias among physicians and its prediction of
thrombolysis decisions for black and white patients. J Gen Intern Med.
2007;22:1231-1238. doi: 10.1007/s11606-007-0258-5.

Haider AH, Sexton J, Sriram N, Cooper LA, Efron DT, Swoboda S,
Villegas CV, Haut ER, Bonds M, Pronovost PJ, Lipsett PA, Freischlag
JA, Cornwell EE 3rd. Association of unconscious race and social class
bias with vignette-based clinical assessments by medical students.
JAMA. 2011;306:942-951. doi: 10.1001/jama.2011.1248.

Sabin JA, Greenwald AG. The influence of implicit bias on treat-
ment recommendations for 4 common pediatric conditions: pain,
urinary tract infection, attention deficit hyperactivity disorder, and
asthma. Am J Public Health. 2012;102:988-995. doi: 10.2105/
AJPH.2011.300621.

Key Worps: AHA Scientific Statements B myocardial ischemia ® prevention
and control ® women

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/

Associatione

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Circulation {p e

Preventing and Experiencing | schemic Heart Disease as a Woman: State of the Science: A
Scientific Statement From the American Heart Association
Jean C. McSweeney, Anne G. Rosenfeld, Willie M. Abel, Lynne T. Braun, Lora E. Burke,
Stacie L. Daugherty, Gerald F. Fletcher, Martha Gulati, Laxmi S. Mehta, Christina Pettey and
Jane F. Reckelhoff

Circulation. published online February 29, 2016;
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2016 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circ.ahajournal s.org/content/early/2016/02/29/CI R.0000000000000381.citation

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissionsin the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://ww.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/

Downloaded from http://circ.ahajournals.org/ by guest on March 22, 2016


http://circ.ahajournals.org/content/early/2016/02/29/CIR.0000000000000381.citation
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/

