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Foreword

Cardiovascular disease is the leading cause of mortality for women, surpassing
deaths from all forms of cancer combined. Yet, until recent decades, heart disease
was considered a man’s disease, despite more women dying annually than their
male peers. Beginning in the 1990s, a cadre of researchers began to investigate the
unique aspects of cardiovascular disease in women and embrace the evolving con-
cept of sex-/gender-specific medicine. Scientific evidence accrued that guided an
improved preventive, diagnostic, and therapeutic approach to cardiovascular disease
in women. Translation of new evidence into clinical care provided stunning results;
beginning in 2000, cardiovascular mortality declined sharply in women and has
continued to do so.

But all is not resolved. Almost one-half of US women remain unaware that
cardiovascular disease is their major health threat, and there is a concerning
increase in cardiovascular deaths among young women (those aged 35-50 years),
reversing the earlier favorable trend. Cardiovascular disease in women remains
understudied, underdiagnosed, and undertreated. To sustain the progress and
momentum of recent decades, a concerted research and educational undertaking is
mandatory.

Regarding the latter, Gender Differences in the Pathogenesis and Management of
Heart Disease, edited by Drs. Mehta and McSweeney, provides the latest compre-
hensive and well-referenced resource for clinical practice. Respected clinician and
scientist chapter authors review the landscape of cardiovascular disease in women,
offering recommendations and citing knowledge gaps.

The contemporary designation of ischemic heart disease is particularly relevant
for women, as it identifies myocardial ischemia as the culprit for morbidity and
mortality—whether in the setting of an acute coronary syndrome, whether due to
obstructive or nonobstructive disease of the epicardial coronary arteries, to sponta-
neous coronary artery dissection, to microvascular disease, coronary vasospasm, or
a combination of these entities. These multiple etiologies for myocardial ischemia
and their clinical implications for recognition and management are carefully
explored in a series of chapters. This complex spectrum is applicable to diagnostic
procedures and myocardial revascularization undertakings as well.
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Whereas women and men share multiple cardiovascular risk factors, many dis-
proportionately disadvantage women, and many are unique to or predominant in
women. These are addressed in detail.

Gender differences in the recognition and management of cardiac arrhythmias,
with particular attention to atrial fibrillation, impact daily clinical practice. The
spectrum of cardiomyopathies and heart failure comparably differs by gender, and
the chapter on chemotherapy and radiation cardiotoxicities offers contemporary
insights, with both clinical and research implications.

Gender differences in cardiovascular drugs remain incompletely investigated.
Recent federal regulations (the Research for All Act of 2015) impact examination of
female and male cells, tissues, and animals in basic research, requiring disaggrega-
tion of results by sex, and stipulate equitable inclusion of women in clinical trials;
this offers promise for expansion of our knowledge base. In this regard, clinicians
should be aware of ongoing clinical research studies in their vicinity and encourage
appropriate women patients to enroll as participants in such trials. Women should
become knowledgeable that the evidence base for clinical recommendations can
solely be derived from women participants in research studies and that the limita-
tions of guideline-based cardiac recommendations for women reflect their substan-
tial underrepresentation in cardiovascular and other clinical trials. This is pivotal for
gender equity in medicine and medical research.

Novel chapters address topics as diverse as the microbiome and the impact of
geographic location on cardiac disease in women. Hypertension is epidemic in the
burgeoning population of elderly women where this problem remains underrecog-
nized and undertreated, with poorly controlled hypertension across the life cycle
impairing life quality and survival owing to the target organ (including cardiac)
damage. Psychosocial factors disparately impact cardiovascular disease in women,
with much to be learned about effective interventions, but clinical recognition and
management, particularly of depression, is an unmet need.

Both in specific chapters and throughout the volume the authors highlight the
cardiovascular inhomogeneity among women, with those of racial and ethnic
minorities, educationally and financially disadvantaged women, and those with
challenges in accessing health care most adversely affected. High-risk subsets have
differing needs and resource requirements that require attention in clinical practice.
Women’s cardiovascular health is not solely a medical issue. There are major eco-
nomic, environmental, societal, and sociocultural components. The emerging scien-
tific data about cardiovascular disease in women will have applicability only if
women have equal access to quality, affordable health care, which in turn requires
that policymakers and legislators become aware of how inequities in research, in
prevention, and in access to care adversely affect women, their families, their
community, and the public health.

Nanette K. Wenger, MD, MACC, MACP, FAHA

Emory Heart and Vascular Center, Emory Women’s Heart Center
Emory University School of Medicine,

Atlanta, GA, USA



Heart Disease in Women: Preface

There has been a dramatic increase in lifespan over the last five decades. According
to the Centers for Disease Control and Prevention, life expectancy in the United
States as of 2015 was at an all-time high of 78.8 years [1]. Women born in 2015
were expected to live 81.2 years and men 76.3 years. The increase in lifespan is seen
in all ethnic groups. Lifespan prolongation has also occurred in other parts of the
world, with relatively greater increase in developing and underdeveloped countries
than in the developed countries. Lifespan is expected to increase even further in the
decades to come.

Women live on an average 5—7 years more than men in almost all parts of the
world. Coronary heart disease (CHD) and cancers are the major causes of death in
the developed world and will soon become the major causes of death among men
and women, especially those over the age of 65, all over the world as deaths from
communicable diseases decline.

The differential in lifespan between men and women will result in a sharp
increase in elderly female population. This change in demographics will result in
very large number of women being seen for CHD in the outpatient setting as well as
in the hospital setting by healthcare providers—who at the moment are not trained
to recognize and treat special aspects of CHD in women.

Prevalence of CHD is a particular burden in certain racial groups—namely
African-Americans, Hispanics, and Native Americans [2]. This may relate to their
relatively poor socioeconomic status compared with White women. Relatively low
level education and poverty among African-American and Hispanic women delay
access to medical care and treatment. Therapies, both medical and nonmedical, as
we know, are provided less often to minority women and, when prescribed, are uti-
lized less often by patients in lower socioeconomic status for a variety of reasons
[3]. Notably, both ARIC and REGARDS showed almost 33% higher age-adjusted
risk for nonfatal CHD in African-American women compared with Caucasian
women.

It is generally recognized that the deaths from CHD exceed all other causes of
death in women, and the incidence of CHD increases significantly in the postmeno-
pausal years. The risk factors for CHD such as smoking, hypertension, diabetes, and

vii
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dyslipidemia are generally same in women as in men. In addition, there are some
unique risk factors for CHD in women. This issue has been addressed in detail by
Dr. Brewer and colleagues in this book [3]. Poverty also seems to affect women as
a risk factor for CHD; thus we see higher prevalence of CHD in women in rural
areas than in urban areas [4]. In keeping with this concept, CHD in women is an
important but unrecognized burden in poor areas of the world [5].

The presentation of CHD is significantly different in women than in men. These
variations in presentation are generally not recognized by many general physicians
and specialists. This leads to a significant delay in the diagnosis and treatment of
heart disease in women, contributing to worse outcomes in women.

There are major differences in hypertension awareness and treatment of hyper-
tension in women and men. Luckily, hypertension awareness and control rates are
on the upswing. Hypertension and obesity are strongly associated, and obesity pre-
disposes to development of hypertension particularly in the elderly women. The
mechanism of this association and its clinical relevance are discussed by Drs.
Ahmad and Oparil [6].

As mentioned above, there is a marked delay in instituting therapy in women.
Even simple medical therapies such as aspirin and statins are prescribed less often
to women with CHD than men. Modern-day aggressive therapies such as percutane-
ous and surgical coronary interventions are recommended less often to women than
men. Although the precise basis for differences in outcome after percutaneous and
surgical coronary interventions in women and men is not clear, it may relate to more
extensive disease as well as small size of the coronary arteries in women which may
be the basis of restenosis after bypass surgery or percutaneous coronary stenting [7].
All this leads to poor outcome in women as compared with that in men.

Current therapy of CHD is based on extensive clinical trials with large sample
sizes. These trials have resulted in institution of accepted strategies such as control
of elevated blood pressure and diabetes, use of statins, aspirin, and other antiplatelet
drugs, renin-angiotensin-aldosterone system inhibitors, and lastly percutaneous and
surgical coronary revascularization strategies. All these trials have resulted in
evidence-based treatment options. Indeed, this approach has led to a dramatic and
sustained decrease in CHD morbidity and mortality over the last five decades. Sadly,
the number of women in these trials has been relatively small. Therefore, there is
ongoing question if the so-called evidence-based medicine is as effective in women
as in men. This mandates additional trials be conducted, including sufficient num-
bers of racially diverse women to determine efficacy of treatments.

With aging of the population, we see a host of cardiac arrhythmias in both men
and women. These arrhythmias arise as a result of myocardial ischemia, sustained
hypertension, and other types of heart disease. We are beginning to understand the
differences in different types of arrhythmias in men and women [8]. Once the dif-
ferences and their basis are defined, differences in therapy may be elucidated.
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These differences in patterns of heart disease in men and women over the last 3
decades have led to large-scale studies of different modes of diagnosis and treat-
ment. These studies are still ongoing and will hopefully include sufficient numbers
of women and lead to delineation of vagaries of disease pattern and efficacious
therapies unique to women.
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Chapter 1 )
Atherosclerosis and Gender-Related Creck o
Differences

Pankaj Mathur, Zufeng Ding, Xianwei Wang, Mahesh Bavineni,
Ajoe John Kattoor, and Jawahar L. Mehta

Introduction

Despite years of research and significant advances in our understanding of the
pathogenesis of atherosclerotic coronary artery disease, it remains the leading cause
of mortality and morbidity worldwide. According to recent World Health
Organization report, ischemic heart disease and stroke together account for approxi-
mately 15 million deaths annually worldwide [1]. New insights into vascular biol-
ogy and pathogenesis of atherosclerosis have led to significant advances in the
management of the disease. Currently, we know that atherosclerosis is an inflamma-
tory process which involves a complex interplay of dyslipidemia, oxidative stress,
and endothelial dysfunction [2-6].

One of the unsolved conundrums in our understanding of atherosclerosis is gender-
related differences in the pathogenesis and manifestations of atherosclerotic heart dis-
ease. Cardiovascular diseases account for ~48.3% of inpatient hospital stays for
women, accounting for approximately ~$187 billion, in health care costs [7]. Most of
these cardiovascular diseases represent atherosclerotic coronary heart disease (CHD).

Gender related differences in atherosclerotic CHD were first recognized in the
early 1990s. In the CASS study, a higher operative mortality was observed for
women compared with men [8]. Another study Swedish Web System for
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Enhancement of Evidence-Based Care in Heart Disease Evaluated According to
Recommended Therapies (SWEDEHEART) showed that women with ST-segment
elevation myocardial infarction (STEMI) have a worse prognosis than men and are
also less likely to get evidence-based treatment [9]. Multiple studies have shown
that women as compared to men have more co-morbidities, advanced symptoms at
the time of presentations and worse prognosis after coronary artery bypass surgeries
(CABQG) [10, 11].

The epidemiological studies corroborate these findings. Incidence of CHD
increases by tenfold after menopause in women [12, 13]. Menopause thus plays a
decisive role in the increase in CHD risk in women [8]. The Framingham offspring
study showed changes in the lipid profile after menopause which may contribute to
increased CHD after menopause in women [14, 15].

Importantly, traditional risk factors of CHD are associated with different out-
comes in women. For example, smoking and diabetes are much more significant
coronary risk factors in women and are associated with a poorer prognosis than in
men [16, 17].

Gender Differences in Plaque Morphology

Many studies have found differences in the pattern of atherosclerotic plaque
morphology between men and women. Mautner et al. [18] and Burke et al. [19, 20]
reported plaque morphology in atherosclerosis to be gender specific. They found
that atherosclerotic plaque contains less dense fibrous tissue in women than in men
[18]. Plaque erosion with acute thrombus deposition is associated with sudden
cardiac death in women [19, 20]. Plaque erosion is a lesion consisting of an intimal
layer rich in smooth muscle cells with abundant proteoglycan matrix; necrotic core
is thin, ill-defined and not near the luminal thrombus [19, 20]. Plaque rupture is
more common in younger women than older women. In women, total serum
cholesterol and smoking were more commonly related to plaque rupture, whereas,
in men, the ratio of elevated total cholesterol to HDL cholesterol was a better
predictor of plaque rupture [19]. Stable plaque and healed infarct were more
commonly associated with hypertension and elevated glycosylated hemoglobin in
women [19]. Thus, CHD risk factors modify the plaque morphology depending on
the gender [19, 20].

Yahagi et al. [21] found that thin cap fibroatheroma/vulnerable plaque is more
commonly associated with acute myocardial infarction in men than in women.
Although in women plaque erosions were significantly more common than men still
plaque rupture was more often related to acute myocardial infarction [21]. Further,
plaque erosions in women were also associated with elevated serum myeloperoxi-
dase, activated smooth muscle cells and hyaluronan deposition [22, 23]. Igbal et al.
[24] studied plaque morphology by intravascular ultrasound in women with acute
myocardial infarction with nonobstructive disease. They observed that plaque rup-
ture in women was not eccentric, it had more fibrous tissue, and vessels were often
angiographically normal. Interestingly, these gender differences in the atheroscle-
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Table 1.1 Atherosclerosis pathophysiology: gender related differences and comparison

Males Females

Men have greater atheroma burden, « Women have less dense fibrous tissue in the
more plaque volume, larger number of | atherosclerotic plaque [18-20].
non-culprit lesions and more eccentric | ¢ In women, plaque rupture is common. Ruptured

fibroatheroma than women [26, 27]. plaque is not eccentric and vessels are often

* Men have more structural and angiographically normal [24].
functional abnormalities in epicardial | Women have lower maximal coronary flow reserve
coronary arteries than women [29]. than men [26, 29].

e Thin cap fibroatheroma/vulnerable * Women have endothelial dysfunction, abnormal
plaque is commonly associated with cellular metabolism and impaired nitric-oxide
acute myocardial infarction in men (NO)-dependent vasodilation which leads to
[21]. increase small-vessel tone and causes angina with

normal coronary arteries [32, 34-36].

rotic changes are predominantly seen in coronary vasculature and are not observed
in the aorta and lower extremity arteries [25].

Men have greater atheroma burden, more plaque volume, more eccentric fibro-
atheroma, a larger number of non-culprit lesions, and more diffuse epicardial endo-
thelial dysfunction than women [26, 27]. Most recently, Ann et al. [28] studied
gender related differences in plaque morphology of patients with STEMI undergo-
ing percutaneous coronary intervention. They found that women in the age group of
66—75 years have a bigger necrotic core and dense calcium deposition in the plaque
as compared to men in the same age group. Women also have lower coronary vaso-
dilatory reserve than men, but men have more atheroma burden and structural
abnormalities in the coronary arteries than women [26-29] (Table 1.1).

Gender Differences in Atherosclerosis at Cellular Level

The connective tissue and vascular disorders are seen more frequently in women.
The female:male ratio of systemic lupus erythematosus is 6-10:1, systemic sclero-
sis has female to male ratio of 5-14:1 and with Sjogren syndrome, it is about 9:1
[30]. Increased prevalence of connective tissues disorders in females is suggestive
of increased vascular reactivity which results in microvascular endothelial dysfunc-
tion, microvascular spasm and vasospastic angina [31]. Women also have impaired
nitric-oxide (NO)-dependent vasodilation of the coronary microvasculature,
increased small-vessel tone and show a predisposition to vasoconstriction in
response to various stimuli [6]. All these factors are, at least in part, responsible for
angina associated with normal coronary arteries in women [32].

Reis et al. [33] in the WISE (Women’s Ischemia Syndrome Evaluation) study
explored the role of microvascular dysfunction in female patients in the absence of
obstructive coronary artery disease. They found that coronary microvascular
endothelial dysfunction is highly prevalent in women with chest pain in the absence
of occlusive coronary artery disease. Interestingly, they concluded that microvascu-
lar physiology in women is regulated by myocytes present in the media of the coro-
nary microvasculature. They also observed that estrogen in supraphysiologic
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concentrations is an in vivo vasodilator that acts on arterial myocytes at the cellular
levels. In the coronary microvessels, estrogen mediates vasodilation by myocyte
hyperpolarization, inhibiting calcium and endothelin-1-induced, myocyte-mediated
arterial vasoconstriction and stimulating prostacyclin production [33].

In the multicentric WISE study, another important observation was the presence of
abnormal cellular metabolism in females with non-obstructive coronary disease [34].
In women with chest pain without obstructive CHD an abnormal phosphocreatine/ATP
response to exercise stress was identified on nuclear magnetic resonance spectroscopy.
This cellular abnormality indicated a shift toward anaerobic metabolism consistent
with myocardial ischemia [34, 35]. Importantly, a substantial reduction in phosphocre-
atine/ATP ratio after exercise stress was a significant predictor of poor cardiovascular
outcomes [34, 35]. The role of nuclear magnetic resonance imaging in the evaluation
of chest pain and microvascular disease was first explored by Buchthal and colleagues
[36]. They found that women with chest pain with no angiographically significant
stenosis had a reduction in the phosphocreatine/ATP ratio during exercise that was
more than 2 SD below the mean value in the control subjects without chest pain [36].

Recently, Mygind et al. [37] in the iPOWER study conducted in Denmark,
described impaired coronary flow velocity reserve, a measure of microvascular dys-
function, in a substantial proportion of women with angina pectoris and no obstruc-
tive coronary artery disease. Incidentally, Harder and Coulson first described the
effects of estrogen on the vascular smooth muscle [38]. They found that diethyl
stilbesterol, an estrogen analog hyperpolarizes the vascular smooth muscle cells.
They suggested that changes in K+ conductance could mediate these microvascular
effects of estrogen in females through several pathways [35]. Later Sudhir et al.
[39], found that estrogen induced coronary vasodilatation is independent of endo-
thelial factors, not mediated by the classical intracellular estrogen receptor but
through non-genomic pathways in the epicardial arteries by changes in ATP-
sensitive potassium or calcium channels, or both.

These protective effects of estrogen on coronary microvasculature can explain
results of studies in experimental animal models of atherosclerosis in which female
animals seem to be less prone to develop features of atherosclerosis compared to
male animals despite similar high-fat diet [40, 41]. Robins et al. [40] and Wilson
et al. [41] found that female hamsters have less fat deposition than male hamsters in
the aorta despite similar hypercholesterolemic diet. The female hamsters have better
plasma lipoprotein cholesterol profile, larger LDL particle size, and less early aortic
atherosclerosis compared to male hamsters [41]. Hayashi et al. [42] found similar
results in rabbit model of atherosclerosis.

Role of Estrogens and Androgens in Cardiovascular
Health and Disease

The role of estrogens in CHD in women has remained controversial. The incidence
of CHD increases after menopause, but hormone replacement therapy with supple-
mental estrogen to post-menopausal women does not lower the risk of ischemic
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Vascular biology in atherosclerosis and the role of sex hormones

Vascular endothelium
ROS Hypertension, Diabetes ) )
\T / Dyslipidemia, Smoking, >  Endothelial dysfunction

RNS
10 Shear stress
xidative stress + NO 2

A SMC proliferation and
s B oo / migration

200 p—_
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* Fibroblast proliferation o N - Monocyte adhesion and migration ,,
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T NO production T Foam cell formation
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1 NADPH oxidase T Local inflammation

1 Smooth muscle cells proliferation T Endothelial cell apoptosis

T Prostaglandin (PGI2/PGE2) synthesis T Expression of atherogenic genes

T Cyclooxygenase -1 expression

Fig. 1.1 Vascular biology in atherosclerosis and the role of sex hormones

Table 1.2 Estrogens and vascular biology of atherosclerosis

» Estrogen causes potentiation of NO synthesis in the coronary microvasculature and
endothelial cells [42].

Estrogen decreases oxidative stress by accelerating the metabolism of reactive oxygen species
by up-regulation of the enzymes superoxide dismutase, catalase, increasing the availability of
free NO and down-regulation of NADPH oxidase [47, 48].

Estrogen augments PGI2/PGE2 synthesis

Estrogen enhances cyclooxygenase (COX)-1 expression, NO/cGMP-mediated pathways [47]
and direct smooth muscle relaxation via endothelium derived hyperpolarizing factor (EDHF)
[47, 49]

Estrogens play an important role in shear stress mediated responses via GPER receptors in
the vascular endothelial cells [52-54].

events [43, 44]. These studies suggest that sex hormones play an intricate role in
coronary microcirculation and there are still unknown sex-related differences in the
atherosclerotic process.

Estrogens have several anti-atherosclerotic properties shown in Fig. 1.1 and
Table 1.2. First and foremost, estrogen causes potentiation of NO synthesis, and it
is now widely believed that decreased NO synthesis/availability is central to the
concept of endothelial injury [42].

The effects of estrogens on the cardiovascular system are either NO mediated or
through anti-oxidation pathways. Multiple studies have shown that NO mediated
effects are mediated by estrogen receptor (ER) beta [45, 46]. Estrogen decreases
oxidative stress by accelerating the metabolism of reactive oxygen species by up-
regulation of the enzymes superoxide dismutase, catalase, increasing the availabil-
ity of free NO and down-regulation of NADPH oxidase [47, 48]. Estrogen also
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plays a significant role in myogenic and shear-stress—dependent regulation of arte-
riolar diameter [47, 49]. These actions are mediated by augmenting the dilator
prostaglandins PGI2/PGE2 synthesis, increasing cyclooxygenase-1 expression
and NO/cGMP-mediated pathways [47]. Another mechanism by which estrogen
may cause smooth muscle relaxation involves endothelium derived hyperpolariz-
ing factor (EDHF), which is considered a metabolite of the cytochrome P450
epoxygenase pathway and its effects are mediated by K+ channels [47, 49].

Estrogens also modulate shear stress mediated responses of the arterioles. Wall
shear stress is an important local mediator in the regulation of the arteriolar mus-
cle tone. Vasoactive molecules such as NO, EDHF, and prostaglandins are released
through a cascade of chemical/cellular signals, because of the physical stimulus of
shear stress in the vascular endothelium [50, 51]. The protective effects of estro-
gens in shear stress mediated responses are attributed to the presence of G-protein
coupled receptor-30 (GPR 30) which is associated with estrogen GPER (G—pro-
tein coupled estrogen receptor) receptor family in the vascular endothelial cells
[52-54]. GPER induces vasodilation and inhibits vascular smooth muscle prolif-
eration [55]. GPER activation also stimulates human endothelial NO synthase [55,
56]. GPER has been shown to mediate atheroprotective effects of estrogen. It pre-
vents the changes related to diabetes on vascular endothelium and also decreases
pulmonary hypertension in some studies [56-58]. Though, more studies are
needed to find the role of GPER agonists in the clinical settings.

Androgens also play a significant role in cardiovascular health shown in Fig. 1.1
and Table 1.3. Low free testosterone levels are frequently associated with obesity
and diabetes in men [59]. Hak et al. [60] and Corona et al. [61] found that low tes-
tosterone levels correlate with increased CHD risk. Rovira-Llopis et al. [62] also
showed that low testosterone levels are related to oxidative stress, mitochondrial
dysfunction especially in diabetic patients. Multiple studies have found an associa-
tion between low testosterone levels and CHD [63-65].

However, several investigators point to the deleterious effects of testosterone
which may predispose to more CHD in men than women. Ng et al. [66] observed
that androgens increase the expression of about 27 genes related to atherosclerosis
in male macrophages, but not female macrophages. They concluded that these
findings might contribute to higher prevalence of CAD in men than women.

Table 1.3 Testosterone and vascular biology of atherosclerosis

* Several studies have shown low testosterone levels are related to increased cardiovascular risk
[59-65].

* Testosterone increases endothelial cell apoptosis, increases gene expression of pro-
atherosclerotic genes and increases lipid loading in the male macrophages [66—68].

» Endogenous testosterone is associated with increased local inflammation, neutrophil
infiltrates and reduced cardiac function after acute ischemic injury in the animal models
[69-72].
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This study also explained higher androgen receptor expression and subsequently
increased lipid loading in male macrophages described earlier by McCrohon et al.
[67]. Ling et al. [68] also observed that testosterone increases endothelial cell apop-
tosis. Endothelial dysfunction leads to increased adhesiveness of platelets to endo-
thelial surface subsequently leading to thrombus formation. The pro-apoptotic and
pro-inflammatory properties of testosterone are especially deleterious after acute
ischemic injury. Several others [69, 70] have explored the role of endogenous tes-
tosterone in cardiac ischemia. They found that testosterone mediated increased
apoptosis and inflammation leads to reduced cardiac function after acute ischemic
injury in the males in animal models [69, 70].

Similarly, Cavasin et al. [71] and Crisostomo et al. [72] found that increased
testosterone levels after myocardial infarction are related to increased local inflam-
mation, neutrophil infiltrates leading to myocardial dysfunction and cardiac rupture.
However, Rettew et al. [73] observed that testosterone also has anti-inflammatory
actions by decreasing toll-like receptor 4 (TLR4) expression on human macro-
phages which may favor early cardiac remodeling. All these studies point to the fact
that our understanding of the role of androgens in the pathogenesis of atherosclero-
sis is still insufficient. More studies are needed for clearly defining the role of andro-
gens in the cardiovascular diseases.

Emerging Risk Factors in Gender and Atherosclerosis

With newer research into the pathogenesis of atherosclerosis, unique risk factors are
emerging (Table 1.4). Lipoprotein a [Lp (a)], a novel risk factor for CHD is indepen-
dently associated with coronary artery calcification in diabetic women. This

Table 1.4 Gender differences in novel risk factors of atherosclerosis

Nuclear magnetic resonance imaging used in the evaluation of chest pain and microvascular
disease showed that women with chest pain with no angiographically significant stenosis had
significant reduction in the phosphocreatine/ATP ratio during exercise [34-36]

Women may have impaired coronary flow velocity reserve, which is a measure of
microvascular dysfunction, even with no obstructive coronary artery disease [37].

Lipoprotein a [Lp (a)] is independently associated with coronary artery calcification in
diabetic women [74].

Women with noncalcified plaques and mixed coronary atherosclerotic plaques have higher
serum metalloproteinase-9 levels [75].

Platelets may be the key to gender related difference between males and females as females
have the more pronounced formation of leucocytes platelet aggregates [76] and larger
expression of platelet TLRs related to P selectin [77, 78].

Women as compared to men have lower levels of lipoprotein-associated phospholipase A2
(Lp-PLA2), a novel atherosclerotic marker despite having higher levels of hs CRP [79]
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association is independent of the presence of other risk factors such as body mass
index, Framingham risk score, hemoglobin A1C, etc. [74]. Gu et al. observed that
higher serum metalloproteinase (MMP)-9 levels were associated with noncalcified
plaques and mixed coronary atherosclerotic plaques in females but not in males [75].
In in vivo platelet aggregation studies Gremmel et al. [76] showed that women in
contrast to men express more leukocyte-platelet aggregates in response to thrombin
receptor-activating peptide-6 and adenosine diphosphate. This observation was also
reflected in platelet reactivity assays. These results were significant because there
was no difference in expression of P-selectin and GPIIb/IIla in men and women
patients.

Toll-like receptors (TLRs), especially on platelets, have an important role in ath-
erosclerotic pathophysiology [77, 78]. Women have greater expression of platelet
TLRs which are related to higher P-selectin levels in women whereas in men TLR
expression is more likely to be related to inflammatory mediators such as soluble
TNF-a receptor 1 and ICAM-1 [77]. In women, TLR expression is related to the
body mass index and total cholesterol to high-density lipoprotein ratio; on the other
hand, in men it is related to hypertension and lipid profile [77]. Interestingly, only
TLR 7 and TLR 8 are located on the X chromosome whereas others (TLR 1-6, TLR
9, 10) are located on the autosomal chromosomes.

Lastly, in the Dallas Heart Study, women as compared to men had lower levels
of lipoprotein-associated phospholipase A2 (Lp-PLA2), a novel atherosclerotic
marker despite having higher levels of hsCRP [79]. Though some questions remain
to be answered regarding these associations, all these studies suggest to gender-
related differences in the pathophysiology of atherosclerosis.

Conclusion

Though it is still not conclusively proven that the atherosclerotic process is different
in men and women, growing number of studies suggest there is still a lot to learn
and discover in our current understanding of atherosclerosis (Table 1.5). Growing
knowledge of gender related differences in atherosclerosis will help in improving
management of CHD and thereby outcomes in women especially as still many stud-
ies have shown worse clinical outcomes in women with comparable risk factors [80,
81]. Description of novel atherosclerotic markers and the gender related differences
in the gene expression of these markers are the future avenues for research. Imaging
techniques such as intravascular ultrasound and functional nuclear magnetic reso-
nance provide complementary information on coronary artery biology and may play
a more important role in understanding plaque morphology and help in the manage-
ment of atherosclerotic CHD in future.
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Table 1.5 Key studies highlighting gender-related differences in atherosclerosis

Multiple studies [8—11] including the CASS Study [8], SWEDEHEART study [9], Lu et al.
[80], Flink et al. [81] showed worse clinical outcomes in women as compared to men with
comparable risk factors.

PROSPECT study [27], Han et al. [26] and Ann et al. [28] described the key differences in
plaque morphology in men and women.

WISE (Women'’s Ischemia Syndrome Evaluation) study showed that the microvascular
dysfunction and abnormal cellular metabolism are the key findings associated with coronary
microvasculature abnormalities with non-obstructive coronary artery disease in women [33-35].

iPOWER study [37] showed that impaired coronary flow velocity reserve, a measure of
microvascular dysfunction, is present in women with angina pectoris and no obstructive
coronary artery disease.

Hulley et al. [43] and Women’s Health Initiative (WHI) [44] study showed that hormone
replacement therapy with supplemental estrogen to post-menopausal women increases the risk
of ischemic events.

Hak et al. [60] in the Rotterdam study and Corona et al. [61] showed that low testosterone
levels correlate with increased CVD risk. Multiple studies have identified an association
between low testosterone levels and coronary artery disease [63—65].
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Chapter 2 )
Gender Differences in Metabolic Creck o
Syndrome

Yogita Rochlani, Gabriela Andries, Srikanth Yandrapalli,
Naga Venkata Pothineni, and Jawahar L. Mehta

Introduction

Metabolic syndrome (MetS) represents a cluster of metabolic abnormalities, that
include hypertension, central obesity, insulin resistance, atherogenic dyslipidemia,
and elevated plasma glucose, which serve as risk factors for the development of
atherosclerotic cardiovascular disease (CVD) [1, 2]. The overall prevalence of MetS
has been on the rise largely due to the global obesity epidemic, and regional varia-
tions in prevalence are influenced by age, sex, genetic factors, geographic location,
socioeconomic status, education level, and criteria used for diagnosis [3, 4]. Gender-
related differences in the incidence, pathogenesis, clinical presentation and manage-
ment of CVD are known to exist [5, 6] and similarly MetS also differs between men
and women. In this chapter, we aim to review the gender differences in epidemiol-
ogy and pathophysiology of MetS with emphasis on individual components of
MetS, and its implications for CVD in men and women.

Y. Rochlani ()
Division of Cardiology, Westchester Medical Center-New York Medical College,
Valhalla, NY, USA

G. Andries * S. Yandrapalli
Department of Internal Medicine, Westchester Medical Center-New York Medical College,
Valhalla, NY, USA

N.V. Pothineni
Division of Cardiology, University of Arkansas for Medical Sciences, Little Rock, AR, USA

J.L. Mehta
Stebbins Chair in Cardiology, University of Arkansas for Medical Sciences,
Little Rock, AR, USA

© Springer International Publishing AG 2018 15
J.L. Mehta, J. McSweeney (eds.), Gender Differences in the Pathogenesis
and Management of Heart Disease, https://doi.org/10.1007/978-3-319-71135-5_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-71135-5_2&domain=pdf

16 Y. Rochlani et al.
Metabolic Syndrome: Definitions

MetS, a syndrome characterized by a combination of multiple risk factors for CVD
and type 2 diabetes mellitus (DM), has a variety of other names including ‘insulin
resistance syndrome’ [7], ‘syndrome X’ [8], ‘hypertriglyceridemic waist’ [9], and
‘the deadly quartet’ [10]. This syndrome was initially described by Reaven in 1988
[7] and since then several health organizations and professional societies have for-
mulated definitions of MetS that can be used to establish a clinical diagnosis
(Table 2.1). Insulin resistance plays an important role in the pathophysiology of
MetS [7, 11] and has been a key component of all the definitions. MetS has also
been found to be associated with development of microalbuminuria, polycystic
ovary syndrome, fatty liver, cholesterol gallstones and obstructive sleep apnea, and
presence of any of these comorbidities may help corroborate the diagnosis [11].

The first diagnostic criteria for MetS were proposed by World Health Organization
(WHO) in 1998, defining MetS as insulin resistance (impaired fasting glucose,
impaired glucose tolerance, or DM) in addition to two other risk factors from the
ones listed as follows; hypertension (blood pressure >160/90 mmHg), high triglyc-
erides, low HDL-cholesterol, central obesity (based on gender-specific waist-hip
ratio and/or body mass index), and microalbuminuria [12].

In 1999, European Group for the Study of Insulin Resistance (EGIR) proposed a
modification for MetS diagnosis criteria published by WHO to be used only in non-
diabetic individuals. EGIR defined MetS in nondiabetic individuals by the presence
of insulin resistance or fasting hyperinsulinemia (greater than the 75th percentile of
population) and two other criteria, which include from hyperglycemia, hypertension
(systolic/diastolic blood pressures >140/90 mmHg or treated for hypertension),
dyslipidemia, and central obesity (using waist circumference). Hyperglycemia was
defined as fasting plasma glucose >108 mg/dl or impaired fasting glucose in non-
diabetics. Type 2 DM was excluded from this definition, as it was difficult to mea-
sure insulin resistance in this group. In contrast to WHO, microalbuminuria was
deemed not necessary for the diagnosis of MetS [13].

The National Cholesterol Treatment Adult Treatment Panel III (NCEP-ATP) pro-
posed a more clinically suited definition in 2001. MetS, by these criteria, is diag-
nosed by the presence of three or more of the following components: abdominal
obesity (waist circumference >102 cm in men and >88 cm in women), elevated tri-
glycerides, low HDL, elevated blood pressure, and impaired fasting glucose (fasting
glucose >110 mg/dl) [14]. American Heart Association/National Heart, Lung, and
Blood Institute modified this definition in 2005 by lowering the threshold for
impaired fasting glucose from 110 to 100 mg/dl and waist circumference cut point
for some populations (especially from South Asia, China, Japan, and other Asian
countries) to >90 cm in men and >80 cm for women, as these populations were pre-
disposed to metabolic syndrome with moderate increase in waist circumference [2].

The International Diabetes Federation (IDF) proposed a revision of ATP III defi-
nition in 2004, with abdominal obesity being deemed mandatory for diagnosis. The
rationale for this was that abdominal obesity was strongly correlated with the other
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MetS components, especially insulin resistance. IDF also proposed different cut-off
of abdominal obesity definition depending on ethnic group or country of origin with
the aim of creating a definition that could be used worldwide. Apart from obesity,
the other criteria for diagnosis of MetS were similar to ATP III [15].

The most updated version of the definition was issued in 2009 as collaborative
effort by the International Diabetes Federation and the American Heart Association/
National Heart, Lung, and Blood Institute. In this joint statement, abdominal obe-
sity was not considered to be an obligatory parameter for the diagnosis, but it
remained as one of the components along with dyslipidemia, hypertension, elevated

fasting glucose. Waist circumference cut-points for abdominal obesity proposed by
IDF were maintained in this joint statement [16].

Gender Differences in Epidemiology of MetSyndrome

In the twenty-first century, the global prevalence of MetS has been on the rise.
Regional variations are noted due to the interplay of various factors, such as age,
race, socioeconomic status, level of physical activity, culture, diet, genetic back-
ground, and education levels, that are known to play a role in its epidemiology
(Fig. 2.1). Gender plays an integral role in influencing the prevalence and clinical
expression of MetS. The gender specific distribution of MetS varies based on geog-
raphy and definition used for diagnosis. (Table 2.2) The individual components of

Geography

Education
and
Income

Diet and
lifestyle

Fig. 2.1 Factors in
fluencing the prevalence of
metabolic syndrome
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Table 2.2 Prevalence of MetS based on geography, sex and definition

Y. Rochlani et al.

Investigators/ | Study Prevalence Prevalence
year of population | of MetS Prevalence |in Women | Defining

Geography | publication (n) (%) in Men (%) | (%) criteria

North America

usS Aguilar et al 1931 34.7 32.8 36.6 NCEP-ATP
2015 [20] 11

UsS Moore et al 51,371 34.2 334 349 Harmonized
2017 [19] criteria

us Beltran- 2034 229 23.69 21.80 Harmonized
Sanchez et al. criteria
2013 [84]

usS Hari et al. 6770 33.1 29.23 36.56 NCEP-ATP
2012 [85] 1

Canada Riediger et al. 1800 19.1 20.5 17.8 NCEP-ATP
2011 [86] 1

UsS Heiss et al. 16,319 33.7 34 36 Harmonized

(Hispanics) | 2014 [87] criteria

usS Ford et al. 3461 34.3 36.1 32.4 NCEP-ATP
2010 [88] 1

Canada Pollex et al. 515 29.9 24.6 33.9 NCEP-ATP

(Oji-Cree 2006 [89] I

population)

Asia

Korea Yang et al. 14,888 28.4 26.6 21.3 ATP III
2014 [90]

Korea Park et al. 5760 25 25.3 24 Harmonized
2015 [28] criteria

Thailand Podang et al. 2544 16.6 18.2 10.3 ATP 111
2013 [91]

China Xietal. 2013 7488 21.3 20.9 21.7 ATP 11
[92]

China Song et al 15,477 274 27.9 26.8 NCEP-ATP
2015 [93] il

Philippines | Sy et al 2014 3072 25.6 26.6 24.8 NCEP-ATP
[94] 11T and IDF

Rural China | Yuetal. 2014 | 11,496 39 45.6 314 AHA/
[95] NHLBI

2005

Taiwan Wu et al. 2017 | 214,216 - 15.85 9.17 NCEP-ATP
[96] 11

Macau Sobko et al. 1592 - 10.5 3.7 IDF
2014 [97]

South India | Deepa et al. 2350 18.3 17.1 19.4 ATP III
2007 [98]
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Table 2.2 (continued)

Investigators/ | Study Prevalence Prevalence
year of population | of MetS Prevalence |in Women | Defining

Geography | publication (n) (%) in Men (%) | (%) criteria

India Deedwania 6198 333 40.1 Harmonized
etal. 2014 criteria
[99]

Africa and Middle East

Morocco El Brini et al. 820 35.73 18.56 40.12 Harmonized
2014 [100] criteria

UAE Malik et al. 4097 41.8 37.1 443 IDF
2008 [101]

Saudi Al-Daghri 9164 47.2 40.3 ATP 11T

Arabia etal. 2014
[102]

Iran Azizi et al. 10,368 30.1 24 42 ATP 11T
2003 [103]

Europe

France Vernay et al. 1856 14.1 14.4 13.7 ATP 111
2013 [104]

Greece Athyros et al. 4153 23.6 242 22.8 ATP 111
2005 [105]

Italy Maggi et al. 5632 259 552 ATP 111
2006 [106]

US United States, UAE United Arab Emirates, ATP III Adult Treatment Panel III, NHLBI National
Heart, Lung, and Blood Institute, AHA American Heart Association, /DF International Diabetes
Federation

MetS may have a gender-specific preponderance (for example, obesity is more com-
mon in women and hypertension is more common in men), and while individuals
from both sexes may have a diagnosis of MetS, the criteria met for diagnosis may
be different [4, 17, 18].

Data from National Health and Nutrition Examination Survey (NHANES)
showed that prevalence of MetS has increased by 35% between 1988 and 2012 in
the US, and more than a third of US adult population is estimated to have MetS [19].
From 2003-2004 to 2011-2012, overall prevalence of the metabolic syndrome in
the United States increased from 32.9% in to 34.7% [20], and was increasing rap-
idly in young women [21]. Abdominal obesity and dyslipidemia were reported to be
common in both sexes, but women had a statistically significant higher prevalence
of abdominal obesity compared to men [22, 23]. Men had a higher prevalence of
elevated triglycerides level and impaired glucose tolerance. The rates of hyperten-
sion were reported to be similar in both women and men [22]. Central obesity as
dominant feature of MetS in women has been consistently seen in population stud-
ies from India [24], China [25], and the Caribbean Islands [26].
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Studies from US population show that with increasing age MetS becomes
increasingly more prevalent, partly explained by the increase in sedentary lifestyle
and functional disability among the older population. The steep change in the preva-
lence of MetS with aging seems to be more pronounced in women. A large prospec-
tive study in Europe found a fivefold increase of MetS prevalence in women from
ages 19-39 years to 60-78 years, as compared to only a twofold increase in men
[27]. A national survey conducted in South Korea and cross-sectional study done in
Brazil also confirmed this finding. Young and middle-aged men had higher preva-
lence of MetS as compared to women in that age group, but the pattern was reversed
after the age of 60. Abdominal obesity and insulin resistance, which becomes more
common in postmenopausal women, could be partially responsible for this phenom-
enon [28, 29]. Regardless of the ethnicity, hormonal changes related to menopause
seemed to affect the gender disparity in MetS expression.

Low education levels and poor socioeconomic status are also independently
associated with MetS [19]. The effect of socioeconomic status on the development
of metabolic syndrome is also more pronounced in women. A study from Portugal
showed that lower educational levels and household income are associated with an
increased prevalence of MetS in women, but not in men [30]. Similar trends have
been observed in population studies from Sweden [31] and France [32]. Low educa-
tion levels and poor socioeconomic status might predispose both genders to poor
food and lifestyle choices, however men are “protected” possibly due to higher
likelihood in having job requiring physical labor with lower education levels, mak-
ing them more physically-active than women of the same socioeconomic
background.

Gender Differences in Components of Metabolic Syndrome

Hypertension

Hypertension, defined as systolic blood pressure (SBP) > 140 mmHg or diastolic
blood pressure (DBP) >90 mmHg, is an important risk factor for CVD, and affects
one out of three adults in the US [33]. The overall prevalence of hypertension is
similar in both women and men, however, there exists a gender disparity based on
age. In adults up to age 64 years, the prevalence of hypertension is higher in men as
compared with women, and over age 65, the prevalence in women across all racial
groups is higher than in men [34]. In NHANES database from 1999 to 2004, women
had higher mean SBP but lower mean DBP than men, and 82% of the women in this
group were postmenopausal. Women also tended to have more central obesity, ele-
vated total cholesterol, and low HDL [35].

The pathophysiology behind age-dependent disparity in hypertension between
the sexes is poorly understood and hypotheses centered around hormonal influences
have been described. Premenopausal women have a lower risk of developing hyper-
tension and CVD compared with age-matched men. This advantage seems to



2 Gender Differences in Metabolic Syndrome 23

diminish after menopause, highlighting the importance of sex hormones in the
pathophysiology of cardiovascular disease in both men and women [36].

Estrogen has been observed in vivo and in vitro to cause vasodilation due to a
direct effect on endothelial cell, as well as indirectly through nitric oxide release.
Estrogen also works at a genomic level, changing vascular-cell gene and protein
expression, with resultant improvement of endothelial function and vascular
response to injury. Vasculature in women has been described to have a greater num-
ber of estrogen receptors as compared to men, but the density of these receptors
goes down in postmenopausal women, lowering the vascular protective effects of
estrogen [37, 38].

In addition to this, the increased incidence of hypertension post-menopause can
be attributed to the activation of the renin-angiotensin system (RAS), along with the
development of obesity. The RAS is regulated differently in men and women, and
studies show favorable modulation of RAS by estrogen. Endogenous estrogen
increases synthesis of angiotensinogen and expression of protective angiotensin
type 2 receptor, and suppresses the expression of pro-hypertensive angiotensin type
1 receptor. An increase in dietary sodium intake causes a greater blood elevation in
men compared with women due to these estrogen related effects [39, 40]. Obesity
and increased visceral fat are associated with androgen dysregulation and chronic
inflammatory states, which in turn, cause endothelial dysfunction leading to hyper-
tension in both men and women [41].

In summary, aging itself is an independent risk factor for developing hyperten-
sion, but the changes in blood pressure associated with aging are more pronounced
in women compared to men.

Insulin Resistance

Insulin resistance, manifesting as either impaired fasting glucose (IFG), impaired
glucose tolerance (IGT), or Type 2 DM, is an integral component of MetS and a well
known risk factor for development of CVD [12]. Relative risk of mortality from
coronary artery disease is 50% higher for women with diabetes than compared to
men. Women with diabetes have significantly higher blood pressures and worse
lipid profiles than men with diabetes, predisposing them to a more unfavorable car-
diovascular risk profile [42]. The gender disparity in CVD outcomes may also, in
part, be attributed to differences in management. A study by Wexler et al. showed
that while hypoglycemic medication use was equal in men and women, diabetic
women are less likely to receive other medications that contribute to lowering CVD
mortality or reach recommended therapy goals [43].

Worldwide, the prevalence of diabetes is higher in men than women. In 2013,
there were 14 million more men affected with diabetes than women [44]. The dif-
ferences in glucose metabolism and degree of insulin resistance or sensitivity
between men and women result from differences in sex hormones, body composi-
tion, and adiposity between the two genders. Men tend to have more lean mass and
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central fat distribution (visceral and hepatic adipose tissue), while women tend to
have higher peripheral adipose tissue distribution (in limbs and hips) which is highly
influenced by estrogen. The higher visceral adiposity in men is associated with ele-
vated postprandial insulin, free fatty acids, triglyceride levels, and insulin resis-
tance. In contrast to that, the peripheral fat distribution typically found in women is
associated with higher insulin sensitivity [45, 46]. Women are also found to have
higher levels of adiponectin, a hormone secreted exclusively by adipose tissue [47].
that works by lowering glucose production in liver and improves insulin sensitivity
in the muscle and liver by increasing free fatty acid oxidation. Lower adiponectin
levels have been associated with insulin resistance [48].

Sex hormones are known to have complex metabolic effects. The maintenance of
favorable glucose homeostasis in women is partially attributed to the effect of estro-
gen. Estrogen, in animal models, has been found to reduce hepatic glucose produc-
tion and enhance glucose transport in muscle tissue. Similarly, androgens have also
been reported to have beneficial metabolic effects in men such as lowering body-fat
and improving insulin sensitivity. However, hyperandrogenic states in women, such
as polycystic ovarian syndrome (PCOS), have the exact opposite effect [45] and
have been associated with development of glucose intolerance and insulin resis-
tance in women [46, 49].

Dyslipidemia

Elevated low-density lipoprotein (LDL) cholesterol levels have been associated
with greater CVD risk, and lowering LDL cholesterol levels, especially with HMG-
CoA reductase inhibitors, reduces CVD events [50]. It has been long recognized
that dyslipidemia patterns vary among different races or ethnic groups, and simi-
larly, gender related differences in lipid profiles have also been found. Women have
higher high-density lipoprotein (HDL) cholesterol and lower LDL cholesterol, very
low-density lipoprotein (VLDL) cholesterol, total plasma triglyceride, and VLDL
triglyceride concentrations compared to age-matched men. In women, the circulat-
ing size of VLDL particles are smaller and that of HDL particles are larger [51, 52].
Lipoprotein subclasses are known to confer different CVD risk: higher level of large
VLDL and small HDL particles are linearly associated with CVD, while larger
sized HDL is inversely correlated with CVD [53, 54].

The mechanism behind differences of plasma lipid profiles between men and
women is poorly understood. The amount of visceral fat, lipoprotein lipase activity,
and hepatic lipase activity might be the contributing factors. Women have increased
removal efficiency of VLDL-triglyceride from the circulation, resulting in lower
plasma VLDL-triglyceride concentrations compared to men. Lower hepatic secretion
of VLDL particles in women also attributed to lower plasma VLDL-apoB-100 con-
centrations. Women have more triglyceride-rich VLDL compared to men, which
facilitates their clearance as increase in triglyceride content of lipoprotein particles
enhances the susceptibility to hydrolysis by lipoprotein lipase [52]. Sex differences
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in HDL concentration is believed to be due to higher HDL apolipoprotein A-I synthe-
sis rate in women. Apolipoprotein A-I promotes cholesterol efflux from tissues to the
liver for excretion, and is a cofactor for lecithin cholesterolacyltransferase (LCAT),
an enzyme responsible for the esterification of cholesterol [51]. Studies have also
shown that men have approximately twice the hepatic lipase activity of women,
which is inversely correlated with the sizes of LDL and HDL particles [55]. In addi-
tion to small HDL size, smaller LDL particle size appears to be positively associated
with CVD [56].

In summary, there is significant gender dimorphism in lipid profile between men
and women, which could account for cardioprotective effect of female sex.

Obesity

Obesity is an established risk factor for increased morbidity and mortality from car-
diovascular disease, diabetes, hypertension, stroke, and cancer [57]. Over time, the
average body mass index (BMI) for men and women has increased in almost all coun-
tries around the world. The proportion of adults with BMI >25 kg/m? has increased
from 28.8% to 36.9% in men and from 29.8% to 38% in women over the last three
decades. In developed countries, men tend to have higher rates of obesity compared to
women, while in developing countries the situation is the reverse, with higher rates of
obesity in women [58]. Some potential contributors to this effect, that include increase
in caloric intake, change in diet composition, lower levels of physical activity, are
thought to play a role in both sexes globally [59]. Interestingly, overweight and obese
men have higher CVD mortality risk compared to women with the same BMI, after
adjusting for age, smoking status, and leisure-time physical activity. This significant
gender difference might be attributed to multiple factors, including difference in lipid
and glucose metabolism, sex hormones, body fat distribution, and cytokines [60].
Women in general have approximately 10% higher total body fat compared to
men, but the pattern of adipose tissue accumulation differs between men and
women, which is apparent after puberty. Premenopausal women tend to develop
peripheral adiposity with subcutaneous adipose tissue accumulation in both abdom-
inal (waist) and gluteofemoral area, while men are more prone to central or visceral
obesity. Visceral and subcutaneous adipose tissue have different metabolic proper-
ties. Visceral adipose tissue is more sensitive to catecholamine-induced lipolysis
and less sensitive to the anti-lipolytic effect of insulin compared to subcutaneous
fat. Higher lipolytic sensitivity of visceral adipose tissue leads to increased free fatty
acid delivery to portal and systemic circulation, resulting in increased glucose and
VLDL production [45, 61]. Visceral fat is an important source of free fatty acids and
inflammatory mediators (such as, tumor necrosis factor-a, interleukins, and adipo-
kines), which likely contribute to development of hepatic insulin resistance [62].
Multiple epidemiological studies have suggested an association between visceral
adipose tissue and development of atherosclerosis [63], type 2 DM, and CVD [64],
although the exact mechanism is poorly understood. Menopause in women results
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in change in the body fat distribution towards a more central/android pattern, due to
increase in visceral adiposity. Decline in testosterone with aging also associated
with increased visceral adiposity in men [65].

Apart from biological factors, sociocultural factors also seem to play a role in
gender disparity in obesity. In developed countries, women tend to consume foods
high with added sugars and energy-dense processed foods such as cookies, choco-
late, and ice cream; while men consume greater amount of meat-based produce and
alcohol [66, 67]. Immigration and acculturation also plays a role in development of
obesity due to adoption of local dietary habits and physical activity patterns. One
review found a positive relationship between BMI and duration of residence among
US immigrants with sex variation [68]. Hispanic women seem to have higher rates
of obesity compared to hispanic men, but hispanic men have higher disease burden
due to lower tendency in men to seek medical attention [69]. Local sociocultural
beliefs affect body image different in men and women, for example, in Greece and
Spain, obesity is associated with social status among men, but with negative image
in women, resulting in women spending more time, effort, and money to obtain
ideal thinner shape. On the contrary, in middle eastern countries, women are more
likely to be overweight and obese due to cultural norms and social acceptance [67].

Gender Differences in Cardiovascular Disease Risk Associated
with Metabolic Syndrome

Epidemiologic evidence shows that MetS is associated with increased risk for type
2 DM, CVD, and all-cause mortality [70-73]. A meta-analysis of 21 studies by
Galassi et al. [74] showed that MetS was associated with increased risk of mortality
from all causes, CVD mortality, CVD, and stroke, more so in patients diagnosed
with MetS using WHO criteria compared to NCEP-ATP III criteria. Non-diabetic
patients with MetS have a higher risk of developing CVD as compared to the gen-
eral population, however, their risk is lower than diabetic patients with MetS [74].
A study by Guzder et al. [75] showed that having metabolic syndrome at the time of
diagnosis of type 2 diabetes is associated with 2.5-fold increase in CVD risk, and
patients who demonstrate all five features of MetS have nearly fivefold increase in
their risk compared to individuals with diabetes alone [75]. This leads us to the
much debated issue of whether MetS as syndrome confers any additional CVD risk
or, the final CVD risk due to MetS is just a sum total of the independent individual
risks conferred by each of its components.

The gender differences in the individual components of MetS have been elabo-
rated in literature, but whether or not the differences in metabolic profiles between
men and women lead to a differential risk for Type 2 DM, CVD and overall mor-
tality, is not clearly known. While there are studies that support the notion of dif-
ferential risk based on the combination of MetS components [76], to our
knowledge, only a very few sex-specific analyses of CVD and mortality risk in
patients with MetS have been described. The relative risk of CVD with MetS is
higher in women compared to men, suggesting MetS might be a stronger risk fac-



2 Gender Differences in Metabolic Syndrome 27

tor for CVD in women than in men [74]. Multiple prospective studies and meta-
analysis have shown that women with diabetes, compared to men with diabetes,
have a greater risk of stroke. In the general population, women have a more favor-
able overall cardiovascular profile compared to men, but this pattern reverses in
the presence of insulin resistance [77]. One study found that the most prevalent
metabolic syndrome combination in younger men was a cluster of elevated tri-
glycerides, low HDL, and high blood pressure and, in younger women was a clus-
ter of elevated triglycerides, low HDL, and increased waist circumference. The
presence of all five components of MetS in younger adults was strongly associ-
ated an increased mortality risk. In adults over age 65, the presence of all five
components of MetS was the most common combination, but in older women,
having elevated glucose or low HDL seemed to be associated with higher mortal-
ity risk, regardless of the number of MetS risk factors. However, this association
was not observed in older men [78].

Given the current lack of substantial evidence that can be used to guide practice,
larger epidemiologic studies focusing on these disparities are needed to assess
whether there is gender disparity in the CVD risk contributed by MetS.

Gender Disparity in Treatment of Metabolic Syndrome

Differential CVD risk in men and women with MetS may be influenced by differ-
ences in pathophysiology as elucidated above, but other factors such as disparities
in management/treatment strategies have also been identified and thought to con-
tribute. Studies show that women are less likely to receive treatment for modifiable
cardiovascular risk factors with aspirin or LDL-lowering medications as compared
to men with the same comorbidities. Women are also less likely to reach recom-
mended treatment goals in terms of systolic blood pressure, HbA1C, and LDL cho-
lesterol levels as compared to men [43, 79, 80]. In treating metabolic syndrome,
dietary changes and increased physical activity are first-line therapy [14]. The ben-
eficial effect of lifestyle intervention is encouraging and effectively reduces the bur-
den of all MetS components. Studies have shown differences in response to lifestyle
modification between men and women [4]. The Diabetes Prevention Program Study
found that lifestyle intervention was effective compared with placebo in both men
and women, but more in men. Metformin compared with placebo was found to be
more effective in men than in women with insulin resistance. Lifestyle changes
reduced the incidence of all components except HDL cholesterol level, and metfor-
min lowered the incidence of elevated waist circumference and fasting glucose lev-
els [81]. Aerobic training of moderate or high intensity has been shown to have the
highest potential to reduce visceral adipose tissue in overweight individuals, with
men having more significant amount of reduction compared to women [82].

The differences in response to MetS-targeted interventions in men and women
can serve as a guide for clinicians to individualize treatment strategies. There is a
need for a larger scale studies to evaluate the impact of sex-based tailored treatment
for MetS to reduce the CVD risk.
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Conclusions

MetS has been proven to be an important risk factor for CVD and diabetes mellitus.
There are important differences in the pathophysiology, clinical presentation, impli-
cations on cardiovascular risk of MetS in men and women. The prevalence of MetS
is on the rise globally and in order to control this epidemic, we need studies to help
develop a deeper understanding the disease process and sex related differences so
that we can tailor treatment strategies to men and women to help reduce the risk of
CVD.
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Chapter 3 )
Hypertension in Women B

Amier Ahmad and Suzanne Oparil

Introduction

Worldwide, cardiovascular disease (CVD) is the most common cause of death in
women and hypertension is the most common modifiable risk factor for CVD in
both sexes [1]. Individuals with elevated blood pressure (BP) defined as
>140/90 mmHg are more likely to have a shorter life expectancy and have more
years lived with CVD compared to their normotensive peers [2]. Globally, 1.39 bil-
lion people (694 million women, 694 million men) are estimated to have hyperten-
sion [3]. Hypertension is three times more common in low- and middle-income
countries compared to high-income countries, and women in middle/low-income
countries have higher rates of hypertension than men. The prevalence of hyperten-
sion in both middle/low- and high-income countries, including the United States
(US), is higher in post-menopausal women compared to younger women and age-
matched men. In the US, hypertension is estimated to occur in 85.7 million adults
(52% women, 48% men) [2].

A. Ahmad, M.D. (P4)

Tinsley Harrison Internal Medicine Training Program, University of Alabama
at Birmingham, Birmingham, AL, USA

e-mail: aahmad @uabmc.edu

S. Oparil, M.D.
Vascular Biology and Hypertension Program, Division of Cardiovascular Disease,
University of Alabama at Birmingham, Birmingham, AL, USA

© Springer International Publishing AG 2018 35
J.L. Mehta, J. McSweeney (eds.), Gender Differences in the Pathogenesis
and Management of Heart Disease, https://doi.org/10.1007/978-3-319-71135-5_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-71135-5_3&domain=pdf
mailto:aahmad@uabmc.edu

36 A. Ahmad and S. Oparil
Gender and Racial Inequalities in Hypertension

Worldwide, women are more aware of their diagnosis of hypertension compared to
men (72% women vs 62% men in high-income countries, 36% vs 22% men in low-
income countries) [3]. Women are more likely to be prescribed antihypertensive
medications (52% vs 49% men in high-income countries, 28% vs 23% men in low-
income countries). Control (defined as systolic BP (SBP) <140 mmHg and diastolic
BP (DBP) <90 mmHg) rates are higher in women than men in both high-income
(32% vs 25% men) and middle/low-income (10% vs 5% men) countries. Overall,
middle/low-income countries have lower rates of awareness, treatment, and control
of BP in both sexes compared to high-income countries. These large differences are
likely related to multiple factors, including limited access to healthcare and medica-
tions in poorer countries [4]. Gender differences in rates of awareness, treatment,
and control of BP are also seen in the US. White women compared to White men
have higher rates of awareness (87% vs 83%), treatment (82% vs 74%) and control
(59% vs 55%). Among minority women in the US, awareness of hypertension has
improved over the past decade, with 85% of Hispanic women, 90% of Black women,
and 80% of Asian women aware of their diagnosis, compared to 87% of White
women. Similarly, compared to men, rates of antihypertensive treatment are greater
in minority women (82% Black women vs 68% men, 77% Hispanic women vs 60%
men, 71% Asian women vs 60% men). Minority women also have higher rates of
hypertension control compared to men (54% vs 43% for Blacks; 55% vs 41% for
Hispanics; 50% vs 40% for Asians) [2, 5, 6].

Obesity and Hypertension

Obesity is associated with a variety of comorbidities, including hypertension [2].
The National Heart, Lung, and Blood Institute (NHLBI) defines the following
weight categories based on body mass index (BMI): overweight
(25.0 < BMI < 29.9 kg/m?), class I obesity (BMI 30-35 kg/m?), class II obesity
(BMI >35 to 39.9 kg/m?), and class III obesity (BMI >40 kg/m?) [7]. The prevalence
of obesity has been increasing worldwide and is currently estimated at 603.7 million
adults, or 39% of the world population [8]. Worldwide, obesity is more prevalent in
women compared to men and rates of obesity peak in women at a later age (60—
64 years) compared to men (50-54 years). In the US, obesity is more prevalent in
women (40%) compared to men (35%) of all age groups and all racial/ethnic groups
(Black women 57% vs men 38%; Hispanic women 46% vs men 39%; Asian women
12% vs men 11%, and White women 36% vs. men 34%) [2].

The burden of obesity in the US is greatest in minority populations, particularly
in Blacks (48%) and Hispanics (43%) [2]. Disparities in income, housing, and edu-
cation have been linked to the disproportionate rates of obesity in minorities [9].
Within the Black population, poverty has been associated with obesity, as less
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nutritious and less costly foods tend to be more calorie dense [10]. Twenty-five
percent of Black families are categorized as “food insecure” reflecting their incon-
sistent access to food due to limited resources [11]. Only 8% of Black individuals
live in areas with multiple supermarkets, compared to 31% of White individuals.
Further, foods with less nutritional value and more calories are more frequently
promoted and marketed to Black individuals compared to Whites [12]. The preva-
lence of billboards advertising low nutrition foods are 13 times higher in predomi-
nately Black neighborhoods compared to White neighborhoods. Further, Black
children have less access to parks and playgrounds, limiting their physical activity
and placing them at increased risk for developing obesity as adults [11]. Similar
issues exist within the Hispanic population, who also faces barriers due to language
and culture [11]. Health education programs aimed at improving nutrition are often
not available in Spanish, and issues arise that limit access to these education pro-
grams due to immigration status.

Hypertension and obesity are strongly associated. In particular, excess weight
gain and increased visceral adiposity are consistently associated with hypertension
[2]. In an effort to understand racial differences related to the sequelae of hyperten-
sion, the Southern Community Cohort Study evaluated the prevalence of multiple
comorbidities (CVD, diabetes mellitus (DM), increased BMI) in 69,211 individuals
(60% women) (aged 40-79 years) with self-reported hypertension or hypertension
diagnosed by in-clinic BP readings who were enrolled in community health centers
in the southeastern US [13]. There were highly significant associations of self-
reported hypertension with morbid obesity (BMI > 40 kg/m?) in White women (OR,
4.64;95% CI, 3.97-5.43) and White men (OR, 4.57; 95% CI, 3.43-6.10), as well as
between in-clinic diagnosed hypertension (OR, 5.76; 95% CI, 3.98-8.32) or uncon-
trolled hypertension (OR, 1.90; 95% CI, 1.34-2.71) and morbid obesity. Data have
also shown a linear relationship between BMI and SBP and DBP, and weight loss
reduces BP in most hypertensive individuals [14, 15]. Further, overweight and obese
persons who are normotensive have higher BPs than comparable individuals with
normal body weight, and weight loss in these normotensive obese individuals also
lowers BP [15].

The metabolic syndrome (MeS) is a constellation of risk factors that includes
hypertension, obesity, insulin resistance, and dyslipidemia, and is associated with
the development of CVD and DM [16]. Each component of the MeS is an indepen-
dent risk factor for CVD, and the combination of risk factors increases both the rate
and severity of CVD [17]. The clinical criteria for the diagnosis of MeS are outlined
in Table 3.1. The estimated prevalence of MeS between 2009 and 2010 in the US
general population was 22% in women and 24% in men. The increase in CVD risk
associated with MeS is similar but slightly greater in women (HR 1.80, 95% CI
1.02-3.15) compared to men (HR 1.63,95% CI 1.11-2.39) [18, 19].

The phenotype of the MeS varies by gender. Waist circumference, low HDL, and
body weight tend to be the dominant contributors to MeS in women, while men
more commonly have hypertension [20, 21]. The prevalence of MeS also varies by
age, with a disproportionate number of older women having MeS. The Monica,
Risk, Genetics, Archiving and Monograph (MORGAM) project, a population-based
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Table 3.1 Clinical criteria for the diagnosis of metabolic syndrome

Measure Cutoff

Elevated waist circumference >88 cm (=35 in.) in women
>102 cm (>40 in.) in men

Elevated triglycerides® >150 mg/dL (1.7 mmol/L)

Reduced HDL-C?* <50 mg/dL (1.3 mmol/L) in women
<40 mg/dL (1.03 mmol/L) in men

Elevated blood pressure® >130 mm Hg systolic blood pressure
>85 mm Hg diastolic blood pressure

Elevated fasting glucose? >100 mg/dL

*Pre-existing treatment will meet criteria for this measure. Any three of five constitute diagnosis of
metabolic syndrome

study of 36 cohorts from ten European countries, showed a fivefold increase in
prevalence of MeS between the ages of 60 and 78 years in women. A major driver
of MeS in aging women is menopause. The Study of Women’s Health Across the
Nation (SWAN) followed 949 women without MeS across the peri-menopausal
age range for 9 years and demonstrated that women were more likely to develop
MeS following menopause than before (OR 1.45, p < 0.001) [22]. This shift in
prevalence of MeS following menopause was related to decreasing estrogen levels
over time. In pre-menopausal women, elevated levels of estrogen are associated
with higher levels of HDL and accumulation of subcutaneous fat in the gluteal
and hip regions, rather than in visceral regions [23]. The rise in visceral adiposity
parallels the decrease in circulating 178 estradiol levels during the menopausal
transition [24].

Mechanisms Relating Hypertension and Obesity

Obesity results in increased renal tubular sodium reabsorption through several pro-
posed mechanisms: [1] renal compression by external fat [15], [2] activation of the
renin-angiotensin-aldosterone system (RAAS) [15], and [3] activation of the sym-
pathetic nervous system (SNS) [14]. Increased visceral adiposity is associated with
hypertension [25, 26] via mechanisms that include renal compression with resultant
reduction in medullary blood flow and increase in tubular sodium reabsorption.
Physical compression of the kidneys by visceral adipose tissue results in intra-
abdominal pressures as high as 40 mmHg [27]. In a large cohort of the Dallas Heart
Study, renal sinus fat was associated with incident hypertension, as well as the num-
ber of antihypertensive medications required to control BP [26]. Further, partici-
pants in the Framingham Heart Study with high levels of perinephric fat were two
times as likely to have hypertension [28]. Renal sinus fat also results in inflamma-
tion and renal medullary extracellular matrix expansion by increasing the concen-
tration of hyaluronan, which results in increased interstitial pressure, tissue edema,
and eventually inflammation [29].
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Left ventricular hypertrophy (LVH) is more common in obese compared to lean
hypertensive individuals as a result of both heightened SNS activity and endothelial
dysfunction resulting from obesity [30, 31]. The Strong Heart Family Study docu-
mented an increase prevalence of LVH in obese compared to normal weight off-
spring of participants in the cohort [32]. The volume overload resulting from
obesity results in the development of concentric LVH, similar to what is seen with
valvular disorders [33]. Gender specific analysis of 1851 women and 1068 men
with and without hypertension and without antecedent CVD (history of heart fail-
ure, stroke, myocardial infarction, valvular abnormalities) enrolled in the Strong
Heart Family Study showed that obesity is associated with LVH in both hyperten-
sive women and men. However, after adjusting for the presence of comorbidities
(hypertension, age, SBP, DM), LV mass/fat-free mass was 15% higher in women
than men (p < 0.0001), suggesting that obesity has a greater influence on LV geom-
etry in women than men [34].

Adipocytes play a key role in mediating obesity-induced hypertension. Leptin, a
hormone synthesized and released by adipocytes, promotes appetite suppression
and stimulates the SNS by inhibiting glutamate receptors and neuropeptide Y [35].
Most studies of the role of leptin and obesity in hypertension have been carried out
in rodents, but small studies have examined the issue in humans. Humans with
leptin deficiency experience early-onset obesity, but are typically normotensive
[36]. Obese individuals are desensitized to the appetite suppressing effects of leptin,
but continue to have SNS activation, and thus hypertension [37]. Leptin also stimu-
lates the release of aldosterone, independent of the RAAS, resulting in increased
arterial stiffness and promoting the development of hypertension [38].

Large scale population studies have provided evidence that in older adults, a higher
BMI is less likely associated with hypertension than in younger individuals [39-42].
The etiology of this age-associated protection is not well understood. One theory sug-
gests a “survival effect” favoring obese older persons, among whom individuals vul-
nerable to the complications of obesity have already died, leaving behind those
resistant to long term adverse outcomes of obesity [43]. The Sardinia Study evaluated
the effect of obesity on hypertension in 3056 untreated adults (1532 women, 1524
men) [43]. Older individuals (60 years and above) were more likely to have hyperten-
sion (SBP > 140 mmHg or DBP > 90 mmHg) compared to younger individuals
(£39 years of age), but the likelihood of having hypertension was lower for obese
(OR 10.45,95% CI 4.58-23.85) compared to lean persons (OR 33.89,95% CI 17.94—
64.02) in the older age group. No gender differences were identified in this study.

In addition to age, the effects of obesity, assessed by BMI, on BP differ by gen-
der. Kagan et al. examined the effects of BMI on BP by gender using ambulatory
blood pressure monitoring (ABPM) in 5950 individuals (2848 women, 3102 men)
with suspected hypertension [44]. Participants had a wide range of BMI (15.9—
53.2 kg/m?). Overweight and obese women had lower daytime BP (136-137/80—
83 mmHg) than men (138-142/83-85 mmHg). Heart rate was similar in normal
weight, overweight, and obese women, while obese men had higher heart rates than
normal weight and overweight men. Obesity was associated with higher DBP in
men, but not women. These differences persisted when data were age-matched.
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Diagnosis

The diagnosis of hypertension has traditionally relied on in-clinic measurements
obtained using a manual sphygmomanometer [4]. However, population based stud-
ies have shown that up to 30% of individuals diagnosed with hypertension using
in-clinic BP readings are incorrectly diagnosed [45, 46]. Conversely, multiple popu-
lation based studies have shown that ABPM and home blood pressure monitoring
(self-monitoring) are superior methods for diagnosing hypertension [47, 48] The
United States Preventative Services Task Force recommends ABPM in all patients
prior to beginning antihypertensive therapy as a Grade A recommendation [49].

Rates of hypertension control also differ significantly depending on whether in-
office BP readings or ABPM is used. Spanish investigators evaluating hypertension
control in 29,148 White women and men (48% women) showed similar rates of con-
trol (SBP <140/90 mmHg) in women and men using in-office readings (22% vs 23%),
but higher control rates in women than men (49% vs 39%) when ABPM was used
[50]. Interestingly, a higher rate of hypotension has also been seen in women com-
pared to men. Division-Garrote et al., in a study of 70,997 treated women and men
(48% women), showed that women (10%) were more likely than men (7%) to experi-
ence hypotension (daytime ABPM <105/65 mmHg, nighttime ABPM <90/50 mmHg,
and 24-h ABPM <100/60 mmHg) [51, 52]. This higher rate of hypotension has been
postulated to be the result of antihypertensive medication titration based on in-office
BP readings, which tend to be higher in women compared to men [4].

Abnormal ABPM Phenotypes

Higher BPs are normally seen during the daytime, with a 10-20% reduction in BP
during nighttime [53]. This nocturnal reduction in BP is known as dipping. Non-
dippers, those with a diminished nighttime BP fall or a nocturnal BP rise, are at an
increased risk for developing CVD and all-cause mortality [54]. Perez-Lloret et al.,
in a study of 1689 untreated women and men (51% women) showed a lower rate of
nighttime BP elevation (nighttime BP > 120/70 mmHg) in women (0%) compared
to men (20%) younger than 30 years of age. This trend normalized with age, such
that the prevalence of nocturnal BP elevation was similar in women and men above
age 70 years [55].

White coat hypertension (WCH) is characterized by normal daytime BP (ABPM
<135/85 mmHg), but elevated in-office BP (>140/90 mmHg) [56]. Higher rates of
WCH have been seen in women (43%) compared to men (34%) in the US [45, 46].
Worldwide, a similar trend persists. In a study of 14,143 women and men (49%
women) seen in outpatient clinics across five continents, WCH, as measured by in-
office BP readings and ABPM, occurred most often in elderly obese women [57].
The increased prevalence of WCH in this patient population has been thought to be
due to higher rates of anxiety and MeS [58].
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WCH has long been thought to be a benign hypertension phenotype, with mul-
tiple studies documenting no increase in CVD morbidity/mortality long term [59—
61]. Recently, Franklin et al. challenged this belief in a study of 653 untreated
individuals with WCH and 653 normotensive individuals extracted from the
International Database of Ambulatory Blood Pressure in Relation to Cardiovascular
Outcome (IDACO) database [56]. In a 10.6 year follow-up period, persons with
WCH and 0-2 CVD risk factors had CVD outcomes equivalent to those without
WCH. Conversely, those with WCH and >3 CVD had twice as many CVD out-
comes compared to the control group. This increase in CVD outcomes in age-
matched persons with WCH and increased CVD risk was thought by the authors to
be the result of isolated systolic hypertension incorrectly diagnosed as WCH. This
study is the first to evaluate outcomes of WCH in persons stratified by CVD risk. No
comparison by gender was performed. There is evidence that WCH evolves into
sustained hypertension over time, raising concern that WCH may not be as benign
as once thought [62]. More research is needed to understand the prognosis of per-
sons with WCH and increased CVD risk.

Masked hypertension is defined as elevated daytime BP (mean awake APBM
>135/85 mmHg) but normal in-office BP [63]. Globally, the estimated prevalence
of masked hypertension is 10% overall, and is higher in men [57]. In the US, masked
hypertension occurs less frequently in women (7%) compared to men (18%), but the
incidence increases in women with increasing BMI and alcohol intake [45]. In con-
trast to WCH, masked hypertension is clearly associated with increased CVD risk.
Despite this, masked hypertension is underdiagnosed due to underutilization of
ABPM in outpatient settings [61, 64].

Treatment

Randomized controlled trials (RCTs) have consistently shown that reducing BP is
beneficial for both women and men, without significant gender differences in out-
comes. In the BP Lowering Treatment Trialists’ Collaboration review of 31 RCTs
(87,349 women and 103,268 men), comparison of multiple treatment regimens with
placebos and against one another revealed no gender difference in the primary out-
come (stroke, myocardial infarction, heart failure, CVD death) [65]. In contrast to
the similar efficacy of antihypertensive therapy in both genders, significant gender
specific adverse effects are seen. Women more commonly experience adverse effects
associated with antihypertensives [66]. Angiotensin converting enzyme inhibitor
(ACEI)-induced cough is threefold more likely to occur in women than men, and
women more commonly experience peripheral edema and hirsutism with calcium
channel blockers and minoxidil, respectively. Low serum levels of sodium and potas-
sium associated with thiazide diuretic therapy are more frequent in women. Men
typically experience gout with the use of thiazides, and are also more prone to
develop erectile dysfunction with the use of beta-blockers. No class of
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antihypertensives has been associated with decreased libido in women. In fact, use of
ACEI and angiotensin receptor blockers has been associated with increased sexual
function in women [67].

Special Populations

Gender specific forms of hypertension include post-menopausal, oral contraception-
related, and pregnancy-related hypertensive disorders.

Hypertension Following Menopause

The prevalence of hypertension increases in women following menopause, likely
related to the effects of decreased circulating estrogen [68]. Increased arterial stiff-
ness, decreased nitric oxide production, and up-regulated angiotensin II receptors
are all thought to contribute to the rise in BP in menopausal women. Behavioral
factors are also thought to play a role in this age specific rise of hypertension: post-
menopausal women have higher rates of obesity and depression, and lower levels of
physical activity [58, 69].

Oral Contraception-Related Hypertension

First generation oral contraceptive medications (OCP) were associated with
increased BP, thought to be due to their high ethinyl estradiol content [70]. Newer
generations of OCP have lower estrogen content and less potent effects on BP. In
women with a history of controlled hypertension, a trial of a combination OCP
(estrogen/progesterone) at the lowest dose is recommended [71]. OCPs containing
only progesterone or intrauterine/implantable devices are recommended for women
with uncontrolled hypertension [72].

Hypertension in Pregnancy

Multiple forms of hypertension occur during pregnancy (Table 3.2) [4].
Hypertension during pregnancy has been associated with CVD later in life [73]. A
recent study that followed women (n = 131) up to 16 years after experiencing pre-
eclampsia at or before 34 weeks gestation showed higher rates of hypertension
(38%) and metabolic syndrome (18%) compared to women with normotensive
pregnancies (14% hypertension, 2% metabolic syndrome) [74]. Non-CVD
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Table 3.2 Hypertension in Pregnancy

Type of
hypertension Definition

Pre-eclampsia New onset hypertension and proteinuria OR hypertension associated with end
organ damage, without proteinuria

Eclampsia Pre-eclampsia with seizures

Chronic A diagnoses of hypertension (BP >140/90 mmHg) prior to pregnancy, a

hypertension diagnosis of hypertension made before the 20th week of gestation, or
hypertension lasting past 12 weeks postpartum

Gestational Hypertension diagnosed after the 20th week of gestation, without evidence of

hypertension pre-eclampsia

morbidity/morality also appear to be higher in women who experience hyperten-
sion during pregnancy. For example, a recent study of 60,580 women who experi-
enced a pregnancy-related hypertensive disorder showed higher rates of mortality
from Alzheimer’s disease and stroke in these women compared to women with
normal pregnancies [75].

Treatment of hypertension during pregnancy is complicated by the fact that all
antihypertensive medications cross the placenta [4]. Medications considered safe
during pregnancy include methyldopa, labetalol, nifedipine, and hydralazine [76—
78]. Clonidine can also be used, but care must be taken to avoid abrupt discontinu-
ation due to the risk of rebound hypertension [79]. Treatment thresholds and goals
for hypertension during pregnancy are debated. The American College of Obstetrics
and Gynecologists (ACOG) recommends starting antihypertensive treatment in
pregnant women with BP >160/110 mmHg [73]. It remains unclear whether initia-
tion of antihypertensives for BPs below this threshold provides benefit or harm to
the mother and/or fetus [80, 81]. An ongoing study addressing the short and long
term risks/benefits of initiating antihypertensive therapy in pregnant women to a BP
target <140/90 mmHg is underway (Chronic Hypertension and Pregnancy Project
(CHAP), clinicaltrials.gov identifier: NCT02299414).

Conclusion

Hypertension remains a significant cause of CVD in both women and men. The
relationship between hypertension and its long term sequelae are complex, but there
appear to be gender specific differences in the pathogenesis of the disorder and in
responses to treatment that must be taken into consideration. Black women, particu-
larly those who are overweight and obese, have a disproportionate predilection for
the development of hypertension, and are at an increased risk for its long term com-
plications. An aggressive approach to lifestyle modification should be taken with
this population. Early diagnosis and management of hypertension are essential for
CVD prevention, and the use of ABPM should be considered in all individuals to
make the diagnosis of hypertension.
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Sex-Based Differences in Risk
Determinants and Management
of Heart Failure

Ahmed Almomani and Satish Kenchaiah

Introduction

There are both sex-based (biologic) and gender-related (sociocultural) differences
in heart failure (HF). Differences in occurrence of HF between women and men
may be partly due to variable prevalence and pathophysiologic influence of specific
cardiovascular disease risk factors. Disparity in prognosis between woman and men
with HF may be influenced by varying treatment efficacy and/or management strat-
egy. It was not until 1991 that the National Institutes of Health (NIH) established a
policy that all NIH-funded trials must include both women and men in studies of
conditions that affect both sexes [1]. Most of the studies on women and cardiovas-
cular disease including HF commenced following this mandate.

Heart Failure in Women

HF affects 5.1 million people in the United States, more than 40% of HF patients are
women, and among the elderly the prevalence of HF is greater in women than in
men [2]. In 2010, 32,847 deaths in women were due to HF, which accounted for
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more deaths in women than in men (58.2% versus 41.8%) [3]. The prevalence of HF
increases with age, with more women than men having HF after 79 years of age.
Although the lifetime risk for the development of HF in a 40-year-old individual is
not different between both sexes (one in five), the lifetime risk for the development
of HF in a 40-year-old individual without a preceding myocardial infarction is one
in six for women versus one in nine for men [4, 5].

The risk factors associated with HF and its underlying pathophysiology differ to
some extent by sex. Review of data from the Framingham Heart Study indicates that
hypertension and diabetes mellitus impose a greater risk of HF in women than in
men [6]. Women with HF have more hypertension, valvular heart disease, and thy-
roid disorders than men do but are less likely to have obstructive coronary artery
disease (CAD) [7, 8]. Even though obstructive CAD is less frequent in women, it is
a stronger risk factor than hypertension for the development of HF [9].

Unique circumstances for development of HF in women include cardiac toxicity
from the chemotherapeutic drugs used for the treatment of breast cancer [10—12] and
cardiomyopathy that occurs in the peripartum period [13—15]. Women with acute
decompensated HF are twice as likely as men to have preserved left ventricular (LV)
systolic function or HF with a preserved ejection fraction (HFpEF) [16]. Even women
with an impaired left ventricular ejection fraction (LVEF) will have a higher LVEF
than men do [16]. Notably, women with HF have a lower quality of life, lower func-
tional capacity, more hospitalizations for HF, and more frequent depression [17].
Nonetheless, overall survival is better for women than for men with HF, except among
HF patients with ischemic cardiomyopathy where prognosis is similar in both sexes.

Clinical Manifestations and Diagnosis of Heart Failure

The Studies of Left Ventricular Dysfunction (SOLVD) demonstrated that women
with an impaired LVEF were more likely than men to have edema, elevated jugular
venous pulsation, and an S; gallop [18]. However, women (n = 54,674) in the Acute
Decompensated Heart Failure National Registry (ADHERE) registry, comprising
both impaired and preserved systolic function, did not differ from men (n = 50,713)
with respect to the frequency of HF symptoms and signs. The difference in this
study versus others may be related to how ADHERE was specifically examining
manifestations of acute decompensated HF rather than chronic symptoms [8].

The level of natriuretic peptides such as brain natriuretic peptide (BNP) and
N-terminal pro Atrial Natriuretic Peptide (NT-proANP) levels used to diagnose
HF are higher in women than in men [19, 20]. Although elevated levels of BNP
and NT-proANP were associated with a greater risk of HF, the association was
similar in both women and men [21]. BNP higher than 500 pg/mL appears to be
a stronger predictor of death in women with HF than in men [22]. The levels of
biomarkers related to inflammation, including C-reactive protein and
interleukin-6, were lower in women than in men [23]. In this study, mortality
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was also lower in women compared with men, independent of differences in
clinical characteristics [23].

Breast Cancer Chemotherapy-Induced Cardiotoxicity

Cardiotoxic effects of chemotherapeutic agents is well known [10-12]. Briefly, in
specific relevance to breast cancer treatment, adjuvant therapy with anthracyclines
such as doxorubicin has demonstrable survival benefits but at a greater risk of early
as well as late-onset myocardial dysfunction in a cumulative dose-dependent man-
ner [24]. Anthracycline-induced cardiotoxicity is mediated by free radical produc-
tion causing deoxyribonucleic acid (DNA) damage, apoptosis, cardiomyocyte
death, and sarcopenia that may result in irreversible HF [12].

Recombinant monoclonal antibodies such as Trastuzumab used in the treatment of
human epidermal growth factor receptor 2 (HER2) positive breast cancer also has
proven beneficial effects but with a higher risk of severe HF, symptomatic HF, and
decline in LVEF [25, 26]. This deleterious effect on the myocardium is thought to be
due to inhibition of cardiomyocyte HER2 signaling and its ligand neuregulin-1 rather
than because of induction of cell death and hence is potentially reversible [12, 27].

Peripartum Cardiomyopathy

Peripartum cardiomyopathy causes impaired LVEF in the last month of pregnancy or
within 5 months postpartum, with no preexisting cardiac disease and no identifiable
cause. Its incidence is estimated to be 1 in 4000 pregnancies, and it is associated with
risk factors such as advanced maternal age, African descent, high parity, twin preg-
nancy, use of tocolytics, and poverty [28]. After the diagnosis, LVEF recovers in
approximately half of the patients within 6 months, but 20% of patients deteriorate and
either die or require heart transplantation. Recovery appears to be related to a less severe
decline in LVEF [4]. The risk during subsequent pregnancies is not entirely clear.

Management of Heart Failure

Although women have been included in clinical trials in greater numbers than minor-
ities, they have still been significantly underrepresented. This underrepresentation
and the more prevalent HFpEF in women limit our overall understanding of HF man-
agement in women. Nonetheless, treatment guidelines for HF therapy provide simi-
lar recommendations for women and men [4]. In several major clinical trials
including the Candesartan in Heart Failure: Assessment of Reduction in Mortality
and Morbidity (CHARM) program, women were more likely to have preserved LV



52 A. Almomani and S. Kenchaiah

function than men (50% versus 35%) [29]. Overall, evidence-based HF therapies are
underused in both sexes, and although women are less likely than men to receive
them, this disparity did not translate into a higher rate of hospitalizations for HF or
mortality. Women are less likely to receive vasoactive agents, but women and men
have equal lengths of hospitalization and age-adjusted in-hospital HF mortality rates.

Beta-Blockers

Carvedilol, metoprolol succinate and bisoprolol are proven in multicenter, prospec-
tive, randomized trials to reduce mortality and morbidity in HF patients with
reduced LV systolic function. In the Carvedilol Prospective Randomized Cumulative
Survival Study (COPERNICUS), carvedilol reduced the combined end point of
death or hospital stay in the 469 women studied with LVEF <25% and severe symp-
tomatic HF [30, 31]. In the European Cardiac Insufficiency Bisoprolol Study II
(CIBIS-II), bisoprolol improved survival in the 515 women studied, with New York
Heart Association (NYHA) functional class IIT or IV and LVEF <35% (hazard ratio
[HR], 0.37; 95% confidence interval [CI], 0.19 to 0.69) [32]. In the Metoprolol
Extended-Release Randomized Intervention Trial in Heart Failure (MERIT-HF)
trial, although metoprolol succinate did not confer survival benefit for women (6.9%
versus 7.5%, p = not significant) it reduced HF hospital stay by 42% (p = 0.021) in
the 898 women studied with LVEF <40% who were NYHA functional class II to IV
[33]. Meta-analyses of six major B-blocker trials including 2134 women and 7885
men, showed that women and men with symptomatic HF have similar mortality
benefit when treated with beta-blockers (Table 4.1) [34].

To date, the use of B-blockers throughout pregnancy has not been associated with
teratogenicity. A meta-analysis to determine teratogenicity of p-blockers in early

Table 4.1 Effect of beta-blockers on mortality in men and women with heart failure®

Number of

participants RR (95% CI) RRR (95% CI)
Trial-names Total | Women | Men | Women Men Women/men
CIBIS-II 2647 | 515 2132 10.52(0.30-0.89) | 0.71 (0.58-0.87) | 0.73 (0.41-1.30)
COPERNICUS | 2287 | 465 1822 ]0.63 (0.39-1.04) | 0.68 (0.54-0.86) | 0.93 (0.54-1.59)
MERIT-HF 3991 | 898 3093 10.93(0.58-1.49) | 0.63 (0.50-0.78) | 1.49 (0.88-2.51)
U.S. Carvedilol | 1094 | 256 838 10.32(0.11-0.93) | 0.44 (0.24-0.82)  0.73 (0.21-2.51)
HF
Random effects 2134 7885 |0.63 (0.44-0.91) | 0.66 (0.59-0.75)  0.99 (0.70-1.41)
Pooled estimate

RR relative risk, CI confidence interval, RRR ratio of relative risk, HF heart failure, CIBIS-II
Cardiac Insufficiency Bisoprolol Study, COPERNICUS Carvedilol Prospective Randomized
Cumulative Survival Study, MERIT-HF Metoprolol Extended-release Randomized Intervention
Trial in Heart Failure

*Adapted with permission from Shekelle et al. [34]
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pregnancy was conducted by Yakoob et al. [35]. They found that first-trimester oral
-blocker use showed no increased odds of all or major congenital anomalies (odds
ratio [OR], 1.00; 95% CI, 0.91 to 1.10; 5 studies). However, in analyses examining
organ-specific malformations, increased odds of cardiovascular defects, cleft lip/
palate, and neural tube defects were observed. While they concluded that the
strength and causality of this association is difficult to interpret, it has also been
suggested that B-blockers be prescribed cautiously later in pregnancy. p-Blockers
have been studied most extensively for treatment of non-severe hypertension in
pregnancy, and there has been no significant effect on the incidence of small-for-
gestational-age infants [36].

Angiotensin Converting Enzyme Inhibitors

Angiotensin Converting Enzyme (ACE) inhibitors are among the most well-studied
medications in HF therapy. ACE inhibitors reduce morbidity and mortality in HF with
reduced ejection fraction (HFrEF). Randomized controlled trials clearly establish the
benefits of ACE inhibition in patients with mild, moderate, or severe symptoms of HF
and in patients with or without coronary artery disease [37—42]. However, this benefit
may not be similar for women and men. A combined analysis of more than 30 trials
demonstrated a 37% decrease in mortality for men, with only a 22% decrease in
women [43]. Another pooled analysis has confirmed the finding that there is a ten-
dency toward less benefit for women treated with ACE inhibitors (Table 4.2) [34].

Table 4.2 Effect of ACE inhibitors on mortality in men and women with heart failure

Number of

participants RR (95% CI) RRR (95% CI)
Trial-names Total | Women | Men Women Men ‘Women/men
CONSENSUS 253 74 179 | 1.14 (0.68-1.90)| 0.61 (0.44-0.85) | 1.86 (1.01-3.42)
SAVE 2231} 390 1841 0.99 (0.67-1.47)| 0.80 (0.68-0.95) | 1.24 (0.80-1.90)
SMILE 1556| 428 1128 | 0.74 (0.47-1.18)| 0.61 (0.39-0.96) | 1.22 (0.64-2.32)
SOLVD- 4228 | 476 3752 | 1.15 (0.74-1.78)| 0.90 (0.77-1.05) | 1.27 (0.80-2.02)
Prevention
SOLVD- 2569 | 504 2065 | 0.86 (0.67-1.09)| 0.89 (0.80-0.99) | 0.97 (0.74-1.26)
Treatment
TRACE 1749| 501 1248 1 0.90 (0.74-1.11)| 0.79 (0.68-0.91) | 1.15 (0.90-1.48)
Random effects 2373 10,213 1 0.92 (0.81-1.04) | 0.82 (0.74-0.90) | 1.15 (0.99-1.33)
Pooled estimate

ACE angiotensin-converting enzyme, RR relative risk, CI confidence interval, RRR ratio of relative
risk, CONSENSUS Cooperative North Scandinavian Enalapril Survival Study, SAVE Survival And
Ventricular Enlargement, SMILE Survival of Myocardial Infarction Long-term Evaluation, SOLVD
Studies Of Left Ventricular Dysfunction, TRACE TR Andolapril Cardiac Evaluation

*Adapted with permission from Shekelle et al. [34]
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Angiotensin Receptor Blockers

Patients intolerant to ACE inhibitors because of cough or angioedema should be
started on ARBS; patients already tolerating ARBs for other indications may be con-
tinued on ARBs if they subsequently develop HF [44]. Sex-specific data for ARBs
are limited. Pooled data from the CHARM-Alternative and the CHARM-Added
trials that included 1188 women with NYHA functional class II-IV HF and LVEF
<40% showed that candesartan reduced the combined endpoint of cardiovascular
death or HF hospitalization in women [45]. In the CHARM-Overall population,
reduction in the combined endpoint was similar for women and men [45]. In the
Valsartan Heart Failure Trial (Val-HeFT), Valsartan failed to demonstrate mortality
benefit in 1003 women with NYHA functional class I to IV and LVEF <40% when
compared with a placebo, however, it reduced HF hospital stay (HR, 0.74; 95% ClI,
0.55 to 0.98) and first morbid event (HR, 0.79; 95% CI, 0.63 to 0.99) [(4, 46)].

Aldosterone Receptor Antagonists

Subgroup analysis of the Randomized Aldactone Evaluation Study (RALES) with
spironolactone and the Eplerenone Post-Acute Myocardial Infarction Heart Failure
Efficacy and Survival Study (EPHESUS) with eplerenone revealed similar mortality
benefits for women and men with systolic HF [34, 47]. The RALES trial included 446
women and studied the effects of spironolactone in ischemic and nonischemic cardio-
myopathy patients with NYHA functional class III to IV and LVEF <35% [47]. The
EPHESUS trial included 1918 women participants and studied the effects of eplere-
none after an acute myocardial infarction in patients with LVEF <40% [48].

Angiotensin II-Receptor Blocker and Neprilysin Inhibitor

Angiotensin II-Receptor Blocker and Neprilysin Inhibitor (ARNI) is an ARB combined
with an inhibitor of neprilysin, an enzyme that degrades natriuretic peptides, bradyki-
nin, adrenomedullin, and other vasoactive peptides [44, 49]. In a randomized clinical
trial that compared valsartan/sacubitril, with enalapril in symptomatic patients with
HFrEF tolerating an adequate dose of either ACE inhibitor or ARB, the ARNI reduced
the composite endpoint of cardiovascular death or HF hospitalization significantly, by
20% [49]. The benefit was seen to a similar extent for both death and HF hospitalization
and was consistent across subgroups. The use of ARNI is associated with the risk of
hypotension and renal insufficiency and may lead to angioedema, as well. Drugs that
inhibit the RAAS can cause harm to the fetus, and therefore, as with other ACE inhibi-
tors and ARBs, valsartan/sacubitril should not be administered to pregnant women [50].
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Hydralazine and Isosorbide Dinitrate

The combination of hydralazine and isosorbide dinitrate is commonly used in the treat-
ment of HF patients who are intolerant to ACEI or ARB. The original data supporting
this practice was from Veterans Administration HF trials and was limited to men [51,
52]. There is still no data available for women using hydralazine and isosorbide dini-
trate as a substitute for an ACEI or ARB. In the African-American Heart Failure Trial
(A-HeFT), combination hydralazine/isosorbide dinitrate was added to ACE inhibitor/
ARB and f-blocker therapy in 1050 self-identified African Americans with NYHA
functional class III-IV HF (420 women). The trial was prematurely stopped because of
the significant survival benefits that were noted for both women (HR, 0.33; 95% CI,
0.16 t0 0.71; p = 0.003) and men (HR, 0.79; 95% CI, 0.46 to 1.35; p = 0.385) in addi-
tion to fewer hospital stays, with no significant treatment interaction by sex [7].

Digoxin

Digoxin reduces HF hospital stay but has no beneficial effect on survival [53]. A
post hoc subgroup analysis of the Digitalis Investigation Group (DIG) trial was
concerning for increased mortality in women with reduced systolic function when
treated with digoxin compared with placebo (adjusted HR, 1.23; 95% CI,
1.02 to 1.47), whereas in men digoxin had no effect on mortality (adjusted HR,
0.93; 95% CI, 0.85 to 1.02) [53, 54]. The increased mortality was presumed to be
due to digoxin toxicity, because the risk of death increased at higher serum drug
levels, and a subsequent analysis of the DIG trial data showed that digoxin at serum
level of 0.5 to 0.9 ng/mL was safe and effective for both women and men [55].

Implantable Cardioverter-Defibrillator

Guideline recommendations for implantable cardioverter-defibrillator (ICD)
implantation to prevent sudden death are based on many multicenter studies, but
women have been underrepresented and few studies have provided adequate sex-
specific data [56, 57]. Unfortunately, the limited post hoc analyses available for
women with an ICD do not clearly demonstrate a mortality benefit [56-58]. In the
Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), which included 382
women (190 randomized to an ICD and 192 to a placebo) with NYHA class II-I11
HF and LVEF <35% (ischemic and nonischemic cardiomyopathy), the benefits of
an ICD were not clear, although the trial was not powered to detect sex differences
(HR, 0.96; 95% CI, 0.58 to 1.61 in women) [59]. In the Multicenter Automatic
Defibrillator Implantation Trial I (MADIT-II), which included 192 women (119
randomized to an ICD) with ischemic cardiomyopathy and an LVEF <30%, ICD
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use was associated with a nonsignificant trend toward lower mortality in women
(adjusted HR, 0.57; 95% CI, 0.28 to 1.18; p = 0.132) [60].

ICDs are underused in both sexes, particularly so in women. Eligible women,
especially black women, are less likely than men to receive an ICD (26.5% versus
42.4%, p < 0.0001). ICD use increased over time, and the racial disparities disap-
peared by 2009, but the sex disparities have persisted [61]. None of the randomized
trials for ICDs enrolled sufficient numbers of women to permit analysis of sex dif-
ferences, current data are insufficient to support differential use of ICDs by sex.

Cardiac Resynchronization Therapy

Cardiac resynchronization therapy (CRT) is of benefit in both women and men with
HF and a wide QRS complex, however, there is some evidence that women may
derive greater benefit from CRT compared with men. In the Comparison of Medical
Therapy, Pacing, and Defibrillation in Heart Failure (COMPANION) study, which
included 493 women, women who underwent CRT had a significant reduction in the
combined endpoint of total mortality or hospital stay for any cause than did women
receiving just medical therapy, and there was no interaction by sex [57]. In the
MADIT-CRT trial, which randomized 1367 men and 453 women with an LVEF
<30% and NYHA class II HF to CRT plus ICD versus ICD alone, CRT was associ-
ated with better outcomes and greater degree of reverse remodeling in women com-
pared with men [62]. Although few studies have reported any sex-specific data,
these same findings have been confirmed in a retrospective analysis of the Cardiac
Resynchronization—Heart Failure (CARE-HF) study that included 215 women [63].

Left Ventricular Assist Devices

Implantable LV assist devices (LVADs) are being placed more frequently for the
management of end-stage refractory HF as a bridge to transplant or a destination
therapy [64]. Although there are no sex-related differences in the surgical tech-
niques for implanting LVADs, small women had limited options with early devices
as they require a minimum body size to fit properly [65]. However, more recent
devices including HeartMate II, HeartMate III and the HeartWare, are smaller and
more women have been enrolled in clinical trials with similar survival rates com-
pared with men [66, 67]. A review from the Cleveland Clinic concluded that there
were no significant sex-based differences in mortality, time to first infection, bleed-
ing, or device malfunction with either pulsatile- or continuous-flow LVADs.
However, women had an increased risk of first neurological event [68]. In a recent
study comparing outcomes of continuous flow LVAD implantation between 24
women and 24 men as a bridge to transplantation, women had a longer duration of
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inotropic support and higher requirement for postoperative mechanical right ven-
tricular support, but similar survival rates compared with men [69].

Cardiac Transplantation

Based on data from the International Society of Heart and Lung Transplantation
registry, women received 23.7% of the 17,868 heart transplants performed
from January 2006 to June 2011 [70], representing significant increases from 22.3%
and 19.3% in the prior 5- and 10-year periods. Overall survival rates are now similar
in women and men, although female recipients of a male donor heart may be at
higher risk of 1-year mortality than male recipients from a male donor [70].

Heart transplantation occurs far less frequently in women than in men [71] with
only 28% of heart transplants in the United States in 2011 occurring in women [70].
Reasons for lower rates of transplantation in women are not clear; this may be partly
explained by higher levels of panel reactive antibody in parous women, which
makes identifying suitable donors more challenging [72]. There is also a higher
acceptance of patients for transplantation with an ischemic cause of cardiomyopa-
thy, regardless of sex, which increases the proportion of men who undergo trans-
plantation compared to women [73]. Women also tend to be older, possibly
decreasing candidacy for transplantation [72].

Conclusions

HF remains an important healthcare concern for women in the United States.
Generally, HF affects women at a more advanced age with better global LV systolic
function, compared with men. Women are more likely to have hypertension, diabe-
tes mellitus and valvular disease as the etiology and less likely to have coronary
artery disease. Most large HF trials have under-represented women in their enroll-
ment numbers, and this has narrowed our knowledge of sex-related differences in
HF pathophysiology, diagnosis, and treatment.

In general, survival seems to be better for women than for men with HF, with the
likely exception of HF patients with ischemic heart disease where prognosis is simi-
lar in both sexes. Current treatment guidelines are not sex-specific because sufficient
data is not available, however, as the therapeutic options for HF expand, sex-based
modifications to HF management may be considered in future revisions.
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