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Abstract Although substantial progress has been made toward improving gender- and sex-specific

cardiovascular disease (CVD) management and outcomes, contemporary reports indicate
a persistent knowledge gap with regard to optimal risk-stratification and management
in female cardiac heart disease (CHD) patients. Prominent patient and system delays
in diagnosing CHD are, in part, due to the limited awareness for the latent CVD risk in
women, a lack of sex-specific thresholds within clinical guidelines, and subsequent limited
performance of contemporary diagnostic approaches in women. Several traditional risk
factors for CHD affect both women and men. But other factors can play a bigger role in
the development of heart disease in women. In addition, little is known about the influ-
ence of socioenvironmental and contextual factors on gender-specific disease manifesta-
tion and outcomes. It is imperative that we understand the mechanisms that contribute
to worsening risk factors profiles in young women to reduce future atherosclerotic CVD
morbidity and mortality. This comprehensive review focuses on the novel aspects of car-
diovascular health in women and sex differences as they relate to clinical practice and
prevention, diagnosis, and treatment of CVD. Increased recognition of the prevalence of
traditional cardiovascular risk factors and their differential impact in women, as well as
emerging nontraditional risk factors unique to or more common in women, contribute to
new understanding mechanisms, leading to worsening outcome for women.
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priority to improve by 2020 cardiovascular health by 20% is
supported by data showing worldwide a strong inverse, step-
wise association of ideal metrics with all-cause mortality,
cardiovascular (CVD) risk, and mortality. In particular, it has
been shown that globally cardiovascular health is associated
with a decrease in the incidence of heart failure (HF)?, bet-
ter prognosis after myocardial infarction (MI),* lower preva-
lence of aortic sclerosis and stenosis,” and lower risk of atrial
fibrillation (AF).® Moreover, lower rates of physical functional
impairment, frailty, cognitive decline, and depression have
been reported.” These associations lead to a relevant decrease
in the health care cost.®

Cardiovascular Health

Ideal cardiovascular health, which is one of the “Strategic
Impact Goals” for 2020 introduced by the American Heart
Association (AHA) in 2011, is defined by both the absence of
clinically manifest cardiovascular diseases (CVDs) and the
presence of optimal levels of 7 metrics, the so-called Life’s
simple 7.2 The latter includes health behavior (not smoking,
having a healthy diet pattern, sufficient physical activity) and
health factors (normal body mass index [BMI], and normal
levels of total cholesterol, blood pressure, and fasting blood
glucose) in the absence of drug treatment. The organizational
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The achievement of ideal cardiovascular health implies a
deep knowledge of gender-related differences in incidence,
pathophysiology, diagnosis, and treatment for both primary
and secondary prevention of CVD, which are relevant issues
for women.

CVD is the leading cause of death worldwide, accounting for
47% of deaths in females and 39% in males in European Society
of Cardiology (ESC) member countries (~2.2 million deaths in
females and 1.9 million deaths in males in the most recent year
of available data in Europe).® Similar rates of mortality have
been shown also in the U.S. population (219.4 per 100,000 in
2016)." Cardiac heart disease (CHD) is the leading cause of mor-
tality in both Europe (38% of cardiovascular deaths in females
and 44% in males) and the United States (43.2%).1°

The longer lifespan of women versus men will result in a
prevalently-female elderly population being seen for CVD,
mainly CHD and HF, by health care providers, who at the
moment are not trained enough to recognize and treat special
aspects of CHD in women. There are, indeed, both sex (bio-
logical) and gender (sociocultural) differences in CVD and its
outcomes, but robust evidence on this topic is lacking. In fact,
women have been largely underrepresented in clinical trials.

It has been estimated that in cardiovascular clinical trials
published from 1997 to 2009, women accounted only for one-
third of the total population enrolled, with even lower represen-
tation when considering specific CVD (e.g., chronic and acute
coronary syndromes, HF).!° In the last decade, a trend toward a
greater enrollment of women in clinical trials has been shown,
with an average percentage of women enrolled of 38.2%, with
the lowest prevalence in interventional trials."

Fortunately, in 2016, the National Institutes of Health
made the inclusion of both sexes in cell and animal studies
mandatory.'? Large-scale studies investigating differences in
the diagnosis and treatment of CVD in women are ongoing
and will hopefully lead to the definition of disease patterns
and efficacious therapies unique to women.

Women have significantly smaller epicardial coronary
arteries than men, even after adjustment for age, body hab-
itus, and left ventricular mass. Although the exact mecha-
nisms are lacking, the smaller diameter of female epicardial
coronary arteries together with their higher baseline myocar-
dial blood flow have been suggested to result in a significant
increase in endothelial shear stress conditions in women.
Given that low endothelial shear stress has been associated
with focal lipid accumulation, pathologic remodeling, and
plaque instability, it has been hypothesized that higher shear
stress conditions in female coronary arteries may contrib-
ute to sex differences in susceptibility to CHD." These sex
differences might be particularly relevant during premeno-
pausal ages owing to estrogen-dependent effects on endo-
thelial mediators such as nitric oxide, prostaglandins, and
endothelium-derived hyperpolarizing factor.

Ischemic heart disease includes disease originating in
the coronary arteries, in the microcirculation, and from an
imbalance in myocardial oxygen supply and demand. In
women, there is a lower prevalence of anatomically obstruc-
tive coronary artery disease yet greater rates of myocardial
ischemia and associated mortality compared with similarly
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aged males. The Women'’s Ischemia Syndrome Evaluation
(WISE) study and other related studies have implicated
abnormal coronary reactivity, microvascular dysfunction,
and plaque erosion/distal microembolization as causative of
female-specific ischemic disease pathophysiology. Women
with ischemic heart disease have a persistent suboptimal
treatment pattern, higher mortality, and poorer CVD out-
come compared with men.'*

Health Behavior

Smoking

The mean prevalence of tobacco uses in 2014 was
approximately 21% in males and females aged >15 years in
Europe and in the United States, with slight regional and age
group differences.'® Although regular daily smoking is more
common in men than in women (17.5% of males and 13.5%
of females are current smokers), female smokers have a 25%
greater risk of CHD than male ones.'®

The contribution of smoking to overall risk of athero-
sclerotic disease in women is influenced by age, smoking
habits and cessation, and oral contraceptive use. The rela-
tive increase in risk due to smoking is generally greater in
the subset of women with the lower prevalence of other
traditional risk factors for MI. In particular, the increase in
relative risk (RR) among female smokers versus nonsmokers
is 13-fold among those aged 25 to 29 years and 5-fold among
those aged 45 to 49 years. However, the absolute increase in
risk due to smoking is usually greater among those whose
baseline risk is higher, that is, among older women.'® The use
of oral contraceptives has a synergistic effect on CVD risk,
likely due to prothrombotic effects, with third-generation
hormonal contraceptives posing less risk than prior and
fourth-generation formulation."”

Overall, the increasing awareness of the detrimental
effects of smoking, the approval of restrictive laws, and the
availability of a wide variety of methods to quit smoking have
led to a decline in smoking worldwide, with a stronger decline
in males. The lower cessation rates of smoking in women may
account for the less favorable trend in smoking prevalence in
women with respect to men. When approaching to quitting
smoking, women report specific barriers, among which the
most common are fear of weight gain, insufficient motivation
and confidence in their ability to succeed, and distress during
the cessation period.’®* Moreover, nicotine replacement ther-
apy is not as successful in women as in men, probably because
women seem to have higher “behavioral” dependence on
smoking, in opposite to the greater “pharmacological” depen-
dence of men. Uniquely to women, the menstrual cycle has
been shown to affect the success rate of smoking cessation
therapy. Higher relapse rates were indeed observed in women
during the follicular phase of cycle or in women with premen-
strual symptoms, in particular with craving and anger.

Cessation of smoking decreases the risk for CVD to that of
nonsmokers after approximately 10 years.!* However, data
regarding the long-term effects of other increasingly com-
mon forms of tobacco use (e.g., electronic cigarettes) are
lacking.
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Diet

Given the limitations in evaluating the impact of solely nutri-
tion on CVD risk due to the influence of healthy lifestyle
and imprecise measurement of dietary intake, it has been
shown that healthy diet (e.g., DASH [Dietary Approaches to
Stop Hypertension] type or Mediterranean type) reduces
population-adjusted cardiometabolic deaths.?’ Overall, the
prevalence of a poor diet has decreased (from 50.3% to 41.0%
in the United States),?! especially among women, who on
average consume more fruit and vegetables than men.
However, economic and sociocultural factors play a crucial
role in gender-related and regional differences in nutrition.

In developed countries, women tend to consume foods
with added sugars, sweets, and bakery desserts; whereas
men consume greater amount of meat and alcohol.??

Local sociocultural beliefs influence the female body
image, with overweight being disregarded in western coun-
tries and considered to be associated with high social status
in Middle Eastern countries. Therefore, western countries
women spending more time, effort, and money to obtain the
ideal thinner shape.

Conversely, in developing countries,
affects cardiovascular health.

Undernutrition during pregnancy has been associated
with increased risk of cardiovascular and metabolic dis-
ease in later life, presumably through epigenetic modifi-
cations.?? When undernutrition in early life is followed by
overnutrition in adult life, the risk of adult chronic disease
is increased further, as postulated for the first time in the
Barker Hypothesis in the early 1980s.2* The period of life
that is most sensible to the dietary mismatch is adolescence.
Therefore, promoting healthy lifestyles and avoiding dietary
excesses is crucial to preserve cardiovascular health.

undernutrition

Physical Activity

The prevalence of physical inactivity is 31% among adults
aged >18 years in Europe and 26.9% in the United States, with
higher rates in women, in high-income countries, and in the
elderly.!?

Physical inactivity is included in the criteria to define a
woman “at risk” for CVD, with prolonged sitting time being
independently associated with high CVD and all-cause
mortality risk.’®?* To quantify exercise capacity, also
known as physical fitness, a nomogram for asymptom-
atic women is available.”> However, occupational, trans-
portation, and domestic domains of physical activity are
overlooked since they are not included in traditional phys-
ical activity surveys, which account only for leisure-time
activities. Transportation activity and high domestic work
showed a protective effect on CVD risk.2°?” The benefit of
exercise is evident also in pregnant women, with aerobic
exercise during pregnancy being associated with a sig-
nificantly lower risk of gestational hypertensive disorders
(RR: 0.70; 95% confidence interval: 0.53-0.83).28

Body Mass Index
Worldwide, the average BMI for men and women has steadily
increased over the last decades. The mean age-adjusted

prevalence of obesity, defined as a BMI > 30 kg/m?, is higher
in females than in men (in the United States 41.1% of females
and 37.9% of males; in Europe 22.8% in females and 22.3%
in males),"® and 7.7% had class III obesity (5.6% of males
and 9.7% of females).?® This is particularly relevant in devel-
oping countries, with higher obesity rates occurring earlier
(at the age of >25 years), whereas in middle-high income
countries, obesity tends to be more common in males.

Obesity is associated with an increased lifetime risk of
CVD and increased prevalence of type 2 diabetes mellitus
(DM), hypertension, dyslipidemia, sleep-disordered breath-
ing, venous thromboembolism, AF, and dementia.?**' CVD
appears to be related to the pattern of obesity, that is, vis-
ceral obesity, which forms the typical “android phenotype.”
Peripheral adiposity, with subcutaneous adipose tissue
accumulation in both abdominal (waist) and gluteofem-
oral area, typical of premenopause women, seems to be
protective. The shift in the body fat distribution toward a
more central/android pattern of postmenopause women
could explain the steep increase in CVD risk in the post-
menopause period, which equals the one of men of the
same age. However, recent data suggest that obesity could
be not an independent risk factor for CVD, but it exerts a
negative impact because of its association with major tra-
ditional risk factors, especially with DM, physical inactivity,
and hypertension.*>* Bariatric surgery, which is becoming
increasingly popular due to greater weight loss and lon-
ger maintenance of lost weight than lifestyle intervention,
leads to fewer CVD events probably not only for substantial
weight loss, but also for remission of DM, hypertension, and
dyslipidemia.*

Health Factors

Blood Cholesterol

Cholesterol is a major primary causal risk factor for the
development of CHD. It is thus a major target of risk reduc-
tion programs, in which statin therapy in primary preven-
tion can produce a 15% reduction in risk of vascular death
for each 1-mmol/L reduction of low-density lipoprotein
(LDL) cholesterol.*>*” The estimated prevalence of ele-
vated serum total cholesterol has decreased to an average
of 11.7% in the United States, with higher rates in females
(12.4%) than males (10.7%) and lower rates in black males
than other racial groups. This is mostly due to greater
uptake of cholesterol-lowering medications rather than
adoption of healthy lifestyle.?® Notably, lipid profiles are
different between premenopausal women and men. The
former have higher levels and larger high-density lipo-
protein (HDL) particles,* with greater efflux capacity,*
lower LDL cholesterol, total plasma triglyceride, and tri-
glyceride concentrations compared with age-matched
men. This favorable lipid profile, mainly due to sex-re-
lated difference in fat distribution and hormonal influ-
ence on lipid metabolism, changes after menopause, with
a decrease in HDL and an increase in LDL; whether this
change is due to menopause-related hormonal changes or
aging is debated.*!
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Blood Glucose

Untreated fasting glucose level < 100 mg/dL for children
and adults is one of seven components of ideal cardiovas-
cular health since the increase of glucose level above the
mentioned cutoff (both pre-DM and DM) is associated with
an increase of CVD, particularly CHD, and all-mortality
risk. Although DM is more common in men rather than in
women (in Europe averaged prevalence of 6.8%; in the United
States 9.4% in white males and 7.3% in white females, with
peaks of 14.7% in black males and 13.4% in black females), it
is more detrimental for female health. Women with type 2
DM have a twofold excess CHD risk compared with men and
a threefold excess fatal CHD risk compared with nondiabetic
women, with a higher adjusted hazard ratio of fatal CHD com-
pared with men with DM. A possible explanation could be
that DM in women is associated with greater impairment of
endothelium-dependent vasodilatation, worse atherogenic
dyslipidemia, prothrombotic coagulation profile, higher
metabolic syndrome prevalence, and other CHD risk factors
that have a synergic interaction.*> In women only, abdomi-
nal adiposity, which is closely related to insulin resistance,
has appeared to be strongly associated with cardiovascular
mortality.

Other postulated contributors to the increased CHD mor-
tality risk in women with DM are sex-related disparities in
application of the guideline-recommended risk factor man-
agement strategies and in efficacy of treatment.

Women with DM are less likely to receive appropriate care
both in outpatient clinic settings** and after acute coronary
syndromes.* Revascularization rates of CHD with angioplasty
and coronary artery bypass surgery are lower in women than
men with DM, all contributing to more CHD-related compli-
cations in diabetic women.*

Unique to women of reproductive age, polycystic ovary
syndrome and gestational DM pose them at increased risk
of developing DM, and should be considered when collecting
the medical history of female patients. These diseases give
the opportunity to analyze the interaction of sex steroid hor-
mones and insulin resistance before DM becoming clinically
evident. Insulin resistance is a key feature of polycystic ovary
syndrome and treatments improving insulin sensitivity can
lower androgens and restore ovulatory cycles, suggesting that
high bioavailable or unbound testosterone may be harmful
for women and associated with increased CVD risk factors.*

A history of gestational DM doubles the risk of DM in
the 4-months postpartum and remains a life-long risk factor
for DM and CVD.#” Moreover, it has been shown that gesta-
tional DM could be a marker for early atherosclerosis inde-
pendent of prepregnancy obesity among women who have
not developed type 2 DM or the metabolic syndrome.* It
is considered as an “at-risk” criterion for women according
to guidelines and implies, thus, the application of specific
screening programs and therapeutic lifestyle changes.

Blood Pressure
Hypertension is the most common modifiable risk fac-
tor for CVD in both sexes, affecting around one-third of
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population globally. Women have a higher prevalence
of hypertension than men after the age of 60,* although
younger women taking oral contraceptives have blood
pressure values 7 to 8 mm Hg higher than age-matched
women on average. The highest prevalence of hypertension
in the world is in blacks in the United States (57.6% among
males and 53.2% among females), who are more likely to
have resistant hypertension (19%) than whites (13.5%) or
Hispanics (11.2%).>°

Worldwide, women are more aware of their diagnosis
of hypertension compared with men (72% women vs. 62%
men in high-income countries, 36% women vs. 22% men in
low-income countries).>! Hypertensive women more likely
receive antihypertensive medications (52% women vs. 49%
men in high-income countries, 28% women vs. 23% men in
low-income countries).>?> Control (defined as systolic blood
pressure < 140 mm Hg and diastolic blood pressure < 90
mm Hg) rates are higher in women than men under the age
of 60, whereas the proportion reverses after the age of 60.
Overall, middle-/low-income countries have lower rates of
awareness and treatment mainly due to limited access to
health care and medications.>

Moreover, women are more likely to experience adverse
effects associated with antihypertensives than men.* The
risk of angiotensin-converting enzyme inhibitor induced
cough among females is threefold greater, as well as periph-
eral edema with calcium channel blockers and low serum
levels of sodium and potassium with thiazide diuretic ther-
apy. Interestingly, a higher rate of hypotension has been
seen in women taking antihypertensive drugs compared
with men,** probably due to antihypertensive medication
titration based on in-office blood pressure readings, which
tend to be higher in women compared with men. In fact,
white coat hypertension is more common among women
compared with men, with a prevalence of 43% versus 34%,
respectively, in the United States and similar trends world-
wide. However, hypertension is the risk factor that has
the largest independent impact on CVD mortality among
women. Optimal blood pressure control leads to a reduction
in CVD mortality by 38.0% in females compared with 30.4%
in males.®

Therefore, guidelines strongly encourage a comprehen-
sive assessment and treatment of hypertension in women,
considering also sex-specific forms of hypertension such as
pregnancy-related hypertensive disorders.

Hypertension during pregnancy, which ranges from ges-
tational hypertension to eclampsia, has been associated
with CVD (mainly hypertension, metabolic syndrome, and
AF)*® and increased mortality later in life.>” Treatment of
hypertension during pregnancy is complicated by the lim-
ited range of antihypertensive drugs that do not cross the
placenta and by uncertainty about treatment thresholds
and goals. Since the prevalence of hypertension during preg-
nancy is increasing in both developed and developing coun-
tries, it is expected that more and more women will require
medical attention for cardiovascular implications during
follow-up.
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Mental Stress and Depression in Women: Understanding
the Gender Gap

Research suggests that depression increases the likelihood of
developing CHD and stroke. The issue is important to con-
sider for women in particular because they are nearly twice
as likely as men to be diagnosed with depression. Depression
can occur at any age. Some mood changes and depressed
feelings occur with normal hormonal changes. Indeed, it is
common during times of hormonal fluctuations. Several fac-
tors may increase a woman'’s risk of depression. The addition
of other biological factors, inherited traits, and personal life
circumstances and experiences are associated with a higher
risk to develop it. Women who feel the strain of working in
high-pressure jobs have, overall, a 40% higher risk of CHD.
Research has found a stronger link between depression and
anxiety disorders,and CHD in women than in men.>®>° Women
are more likely than men to report physical and emotional
symptoms of stress. Many women play significant roles both
in the home and in the workforce, making them more sus-
ceptible to stress than men. How much we earn and how well
we live also are closely linked to overall health. In many cases,
women have lower socioeconomic status than men, and
those with lower socioeconomic backgrounds and lower lev-
els of education also have higher rates of CHD than educated
women in the higher income bracket. Females have statisti-
cally significantly higher rates of work-related stress depres-
sion and anxiety compared with the average for all persons.
This is evident in the age range of 25 to 54 years. Males did
not have statistically significant rates compared with all per-
sons. The reasons cited as causes of work-related stress are
also consistent over time with workload, lack of managerial
support, and organizational change as the primary causative
factors. A study on the work of an international collaboration
of physicians from the United States and Europe® evaluated
1,750 patients with Takotsubo cardiomyopathy. Interestingly,
90% of these cases occurred in women, and the women in
this study were an average of 67 years old. The most com-
mon triggers of stress cardiomyopathy were physical (such
as lung problems or infections), and the next most common
cause was an emotional “shock.” But in a substantial propor-
tion of patients, there was no trigger that could be identi-
fied. Compared with people who had experienced a “typical”
heart attack, patients with Takotsubo cardiomyopathy were
almost twice as likely to have a neurological or psychiatric
disorder. And in contrast to the commonly-held belief among
doctors that Takotsubo cardiomyopathy is less serious than
other forms of heart attack, the rates of death in the hospital
between Takotsubo cardiomyopathy and more “traditional”
heart attacks were similar.

Prevention of Cardiovascular Disease in
Women

Despite substantial progress in the awareness of CVD among
women and an increasing amount of literature in this field,
disparity, defined as a difference in treatment provided to
members of ethnic or racial groups that is not justified by

health condition differences or treatment preferences, still
exists (~Fig. 1).

Not only guidelines keep on recommending risk scores
(e.g., Framingham risk score) that are often inadequate to
appropriately estimate CVD risk in women, but they are
not always applied in the management of female patients,
and, when implemented in clinical practice, but they also
do not always lead to effective treatment. The algorithm for
risk classification in women, proposed in 2011, could help
to overcome discrepancies, moving from “evidence-based”
to “effectiveness-based” guidelines.®! It consists in a risk
stratification into three categories, “at high risk,” “at risk,”
and “at optimal risk,” including consideration of factors
neglected from previous risk scores (e.g., medical and life-
style history, family history of CVD, markers of preclinical
disease), to make decisions about the intensity of preven-
tive therapy. Besides the traditional CVD risk factors, other
nontraditional risks that are unique to women should be
thoroughly assessed. Pregnancy has gained greater atten-
tion since it can be considered as a unique “cardiovascu-
lar and metabolic stress,” which can unmask preclinical or
preexisting CVD. Therefore, detailed obstetric and gyne-
cologic histories should be obtained at least at the first
visit. Moreover, novel CVD risk biomarkers (e.g., hsCRP
[high-sensitivity C-reactive protein] or advanced lipid test-
ing) and imaging technologies (e.g., coronary calcium scor-
ing assessment) have been proposed in risk assessment and
in guidance of appropriate preventive interventions, but
their role is still debated. Physicians should carefully assess
barriers common among women that hinder adherence to
CVD prevention recommendations, for example, family
and caretaking responsibilities, stress, sleep deprivation,
fatigue, and lack of personal time. To achieve the targets

IDEAL CARDIOVASCULAR HEALTH
Life’s Simple Steps

« Abstinence from smoking

« Healthy (DASH-like) diet

« Physical activity at goal for adults: 20 y of
age:150 min/wk moderate intensity; 75
min/wk vigorous intensity, or combination

« Body mass index <25 kg/m?
« Total cholesterol <200 mg/dL (untreated)

« Fasting blood glucose <100 mg/dL
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Fig. 1 Ideal cardiovascular health parameters in women.
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of intervention, multifaceted, interactive, and incorporate
decision systems and feedback have been shown to be suc-
cessful in increasing awareness and improving health and
lifestyles for women and their family members.

Conclusions

Cardiovascular health in women, which is effective in the pre-
vention of CVD, should be promoted worldwide, with great
efforts in overcoming the still existing disparity. The goal set
by the AHA for 2020 could be achieved by greater educational
information about the importance of CVD in women by the
definition of diagnostic and treatment algorithms peculiar
to women, greater socioeconomic integration, and improved
interdisciplinary and cooperative care.
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