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Abstract: Substantial evidence from previous clinical studies, randomized trials, and patient registries
confirms the existence of significant differences in cardiac morphology, pathophysiology, prevalence
of specific coronary artery disease (CAD), and clinical course of myocardial infarction (MI) between
men and women. The aim of this review is to investigate the impact of sex or gender on the develop-
ment and clinical course of MI, the mechanisms and features of left ventricular (LV) remodeling, and
heart failure (HF). The main sex-related difference in post-MI LV remodeling is adverse LV dilatation
in males versus concentric LV remodeling or concentric LV hypertrophy in females. In addition,
women have a higher incidence of microvascular dysfunction, which manifests as impaired coronary
flow reserve, distal embolism, and a higher prevalence of the no-reflow phenomenon. Consequently,
impaired myocardial perfusion after MI is more common in women than in men. Regardless of
age or other comorbidities, the incidence of reinfarction, hospitalization for HF, and mortality is
significantly higher in females. There is therefore a “sex paradox”: despite the lower prevalence of
obstructive CAD and HF with reduced ejection fraction (HFrEF), women have a higher mortality rate
after MI. Different characteristics of the coronary network, such as plaque formation, microvascular
dysfunction, and endothelial inflammation, as well as the prolonged time to optimal coronary flow
restoration, secondary mitral regurgitation, and pulmonary vascular dysfunction, lead to a worse
outcome in females. A better understanding of the mechanisms responsible for MI occurrence, LV
remodeling, and HF in men and women would contribute to optimized patient therapy that would
benefit both sexes.
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1. Introduction

In addition to the specific characteristics of patients with myocardial infarction (MI),
there are a number of indications of gender differences in the etiology, clinical presentation,
and outcome of MI. The aim of this review is to examine the impact of gender on the devel-
opment and clinical course of myocardial infarction, the mechanisms and characteristics
of left ventricular (LV) remodeling, and heart failure (HF). It is important to clarify that
“sex” and “gender” are different terms. “Sex” refers to the biological differences between
men and women and includes factors such as chromosomes, hormones, and reproductive
function. In contrast, “gender” encompasses an individual’s lifestyle, including social,
cultural, and institutional context; physical activity, level of education, mental health and
self-perception. It should be noted that the boundary between sex and gender is not ab-
solute; both sex and gender are interrelated and subject to change. It is well established
that biological characteristics can be influenced by gender and that sexual identity can be
influenced by life circumstances [1,2].
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It is already known from previous studies, randomized clinical trials, and patient
registries that there are significant sex-based differences in patients with MI [3–5]. Women
with coronary artery disease (CAD) are older, have more comorbidities and risk factors,
but have less advanced epicardial CAD, a lower number of previous MIs, percutaneous
interventions, or re-vascularization. However, despite these data, they have a higher
incidence of HF and a higher mortality rate [5].

2. Sex Differences in General Risk Factors

Ageing: Several risk factors contribute to the differences between men and women
with CAD. Women develop MI and heart failure with preserved ejection fraction (HFpEF)
7–10 years later than men [6]. Myocardial infarction is 3–4 times more common in men,
but after the age of 75, the female gender predominates [7]. Recently, however, studies
have shown that the annual incidence of acute MI hospitalizations (from 1995 to 2014) has
increased significantly in young women (p for trend = 0.002), but has decreased in young
men (35–54 years) [8,9].

Cardiometabolic: Although there is a trend towards an increase in acute MI in young
women, the differences between men and women are significantly influenced by sex hor-
mones. Younger-aged women with acute MI have multiple risk factors and comorbidities.
Cardio-metabolic risk factors such as hypertension, obesity, and tobacco smoking have a
greater impact on the occurrence of the disease in women than in men. According to the
ICACS-TC registry, the prevalence of these factors has a significant impact on higher early
mortality [10,11]. Diabetes mellitus (DM) is more likely to contribute to mortality in women
than in men with CAD [8–11]. Women with DM are more likely to have maladaptive LV
remodeling with increased LV thickness and LV mass index after myocardial infarction [12].
Secondary prevention of common risk factors is less effective in women than in men [13].

3. Female Specific Risk Factors

In addition to the commonly known, there are other significant and proven risk
factors for LV remodeling and HF in the female population, such as: Preterm delivery,
hypertensive disorders of pregnancy, gestational DM, breast cancer treatments such as
radiation or chemotherapy, and autoimmune diseases such as rheumatoid arthritis or
systemic lupus [13].

Pregnancy-related disorders are associated with the risk of cardiovascular disease
(CVD). The occurrence of hypertensive and metabolic pregnancy disorders correlates with
the occurrence and severity of CVD later in life [14].

It is already known that systemic diseases are more common in women. New data
show that chronic inflammation and microvascular injury lead to and accelerate CAD [15].

There is an increased risk of CAD in women undergoing radiotherapy or chemother-
apy for breast cancer [16]. Incidental or therapeutic exposure of the heart to ionizing
radiation is associated with accelerated coronary atherosclerosis and subclinical or clinical
LV dysfunction. Breast cancer patients treated with chemotherapy are at risk for two
types of cardiotoxicity (anthracycline-like and trastuzumab-like agents), both of which
are dose-dependent. Delayed cardiotoxicity can range from LV dysfunction to overt HF,
arrhythmias, or ischemia [16].

Risk factors such as obesity and physical inactivity have a greater impact on the
development and clinical course of CAD, LV remodeling, and HF in women than in
men [12,17].

Women are more frequently affected by depression, which contributes significantly
to the development of MI. Depression is also an important factor in the patient’s outcome
and prognosis. Depression represents a therapeutic challenge in post-MI patients, as the
use of antidepressants in patients with CAD could pose a therapeutic dilemma [18]. The
results of several studies show that the use of tricyclic antidepressants in patients with
depression is associated with an increased risk of CAD [19]. In these patients, selective
serotonin reuptake inhibitors (SSRIs) proved to be the treatment of choice. Pizzi et al.
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conducted a meta-analysis of 6 randomized trials and 7 reports examining the effect of SSRI
medications in patients with CAD and depression. They concluded that SSRI treatment
may be beneficial in patients with CAD [18].

In summary, all of the above risk factors, summarized in Figure 1, have been associated
with a higher risk of morbidity and mortality in women with CAD [14–17].
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4. Reperfusion in Females

It is known that there are differences between the sexes in the mechanisms of oc-
currence and response to ischemic injury, such as ischemic preconditioning and platelet
aggregation [20,21]. However, in women, there is prolonged reperfusion with suboptimal
coronary flow recovery, differences in plaque characteristics (diffuse and non-obstructive)
and impaired pulmonary vascular function, chronic inflammation, and more frequent
secondary mitral regurgitation, which contribute to a poorer prognosis in women [7]. In a
prospective, observational cohort study of 1465 young patients aged 18 to 54 years, women
had more frequent reperfusion delays than men of the same age [9,22]. The higher endothe-
lial shear stress in women can be explained by a smaller diameter of the epicardial coronary
arteries and thus a higher rate of resting blood flow [7,23]. The WISE study found changes
in the microcirculatory network and diffuse coronary artery atherosclerosis, which may
explain a higher number of angina pectoris episodes and revascularization procedures after
MI in women [24,25].

The term “gender paradox” was described in the VIRGO study, showing that a promis-
ing response to reperfusion in young women is not accompanied by better clinical out-
comes [22]. Despite similar infarct size and LV function, women have higher in-hospital
complications, major bleeding, and 1-year mortality from HF, as well as higher rates of
HF and recurrent MI development [4,21–26]. In patients with ST-elevation myocardial
infarction (STEMI), sex is the predictor of the higher mortality, independent of age and other
risk factors [5]. Although women have better angiographic status, i.e., a lower incidence
of critical stenosis and better coronary flow rates before primary percutaneous coronary
intervention (pPCI), younger women (<60 years) with STEMI have a two times higher
mortality rate than men [22,23]. In women, the infarction zone is more often smaller, as well
as the degree of fibrosis and the size of the scar, and therefore the degree of thinning of the
myocardial wall and dilation of the left ventricle [21]. After effective reperfusion, the my-
ocardium in the infarction zone may increase its contractile function and recover regional
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and global LV function. But limited coronary reserve and the microvascular dysfunction in
females are associated with cardiomyocyte damage leading to diastolic LV dysfunction and
the HFpEF phenotype [6,27].

Therefore, the optimal reperfusion and revascularization must include not only early
and sustained epicardial patency but also optimal microvascular flow and tissue reperfusion.

5. Non-Obstructive vs. Obstructive Coronary Artery Disease: MINOCA vs. MIOCA

The difference between the sexes in patients with MI lies in the fact that obstruc-
tive CAD (MIOCA) is a significantly more frequent cause of MI in men, while it is a
non-obstructive disease that is more frequent in women (MINOCA). Despite this find-
ing, women have more complications during in-hospital stays and higher mortality after
4.62 years of follow up [27]. Diagnosis of MINOCA, a condition that occurs in 6–10%
of all MI [28], requires that in addition to all the accepted criteria for acute infarction,
there is evidence on coronary angiogram of non-critical stenosis (<50%) of the epicardial
coronary arteries [28]. Patients with MINOCA tend to be younger and less likely to have
general risk factors other than hypertension [29]. It is important to separate patients with
normal coronary arteries or minimal luminal irregularities (≤30% stenosis) from those
with mild to moderate coronary atherosclerosis (30–50%). In such cases, fractional flow
reserve testing (FFR) can be a valuable diagnostic tool. The mechanisms underlying the
development of MINOCA are numerous and complex. Today, it is considered that the most
important are: processes in the epicardial coronary vessel (rupture/fissure of small plaque,
spontaneous coronary artery dissection, epicardial vasospasm, and in situ thrombosis),
coronary microvascular disease, and the increased oxygen supply and/or oxygen demand,
usually in LV hypertrophy [28,30]. Plaque disruption is a common mechanism in MINOCA
patients, and it includes plaque rupture, plaque erosion, and calcific nodules. The use of op-
tical coherence tomography or intravascular ultrasound imaging can reveal the etiology of
MINOCA and trace the therapeutic approach [28,30]. Hypercoagulable state is not a manda-
tory condition for coronary thrombosis or embolism occurrence in MINOCA state [30].
Coronary vasospasm is another common cause of MINOCA; this and several types of
coronary microvascular dysfunction, both endothelium-dependent and independent, can
be detected by invasive and non-invasive testing [28–33]. The international guidelines
currently state that there are sex-specific differences in the clinical presentation of male and
female patients with AMI [34]. Women are more likely to have atypical symptoms such as
epigastric pain, dyspepsia, fatigue, neck pain, or shortness of breath, and in 43% of cases
the myocardial infarction is asymptomatic. In comparison, asymptomatic MI in men is
present in 24% of cases [35]. Accurate recognition and interpretation of clinical symptoms
has major implications for the diagnosis, treatment, and management of patients with MI.
However, the sub study conducted by Ferry et al. demonstrated that typical symptoms
are more common and have a higher predictive value in women than in men with MI. In
fact, the authors suggested that assessing the female patients using a cluster of symptoms,
including pain nature, location, radiation, and presence of other symptoms, may be more
clinically relevant than focusing on a single symptom [34]. Given that female patients
are less affected by CAD, the expected outcomes should be favorable, but they are often
underdiagnosed or have diagnostic and treatment delays and receive less evidence-based
treatment [35]. The recently published study has shown that biological sex differences, such
as sex hormones, genetic and neurological factors, cardiac innervation, and pain sensitivity,
on the one hand, and gender differences in psychological status, especially depression,
anxiety, post-traumatic stress, and socioeconomic circumstances, on the other, are the main
factors for the different clinical features of MI [35]. The underrepresentation of women in
large randomized trials means that there are no guidelines that take sex differences into
account, leading to a gender bias among clinicians, healthcare professionals, and women
themselves when it comes to treating suspected CAD, especially at a younger age with a
poor prognosis [35].
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Clinical presentation of MINOCA is dominantly MI with non-ST-elevation myocardial
infarction (NSTEMI) and is present in approximately two-thirds of cases. MINOCA pa-
tients have similar mortality with MIOCA patients, but women with MIOCA have a higher
mortality rate within one-year post-discharge from the hospital than men [27,30]. In symp-
tomatic female patients with MINOCA, the most common cardiac event is HFpEF, with an
approximately 10-fold higher incidence than in asymptomatic women with MIOCA [30,36].

A recent study evaluated the predictive value of gender in the prognosis of MINOCA
and the difference in survival and major adverse cardiac events (MACE) development
during five years of follow up between MINOCA and MIOCA groups [28]. Canton et al.
showed that the incidence of MACE in women was significantly higher in both groups
(MINOCA and MIOCA). In younger female patients aged <70 years in the MINOCA
group, hospitalization for HFpEF and recurrent MI are the most common. In a subgroup
of MINOCA patients aged <70 years, female gender was an independent predictor of
MACE [28]. B-blockers and statins in secondary prevention have been shown to have a
beneficial therapeutic effect in women and to improve survival after MINOCA [29,32].
Unfortunately, these drugs are not regularly prescribed to women after MINOCA when
they are discharged from the hospital [29]. All the aforementioned differences between
male and female patients with MI are shown and summarized in Table 1.

Table 1. Sex and gender differences in patients with myocardial infarction.

Characteristics
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Clinical  

presentation 
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neckpain), asymptomatic 
Type of MI MIOCA, dominant STEMI MIOCA and MINOCA, dominant NSTEMI 

Coronary  
circulation 
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diameter, critical stenosis 

Smaller diameter, endothelial stress,  
SCAD, coronary vasospasm,  
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Fast, optimal, less ischemic  
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Large infarction zone expansion, wall 

thinning, LV dilatation Smaller scar, non-ischemic zone extension, less fibrosis 

Plaque Eccentric, obstructive Diffuse, non-obstructive 

Treatment 
Primary PCI procedure,  

Standard therapy 
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myocardial infarction with non-obstructive coronary arteries, STEMI—ST elevation myocardial in-
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ous coronary artery dissection, PCI—percutaneous coronary intervention. 
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Risk Factors Hypercholesterolemia,
hypertension, diabetes mellitus, smoking

+Autoimmune diseases (RA, SLE) hormonal imbalance,
chronic inflammation, obesity, comorbidities, physical

inactivity, PPCM

Clinical
presentation Typical chest pain, breathlessness Atypical symptoms (epigastric pain, nausea, fatique,

neckpain), asymptomatic

Type of MI MIOCA, dominant STEMI MIOCA and MINOCA, dominant NSTEMI

Coronary
circulation

Epicardial coronary arteries, larger
diameter, critical stenosis

Smaller diameter, endothelial stress,
SCAD, coronary vasospasm,
impaired microcirculation

Reperfusion Fast, optimal, less ischemic
reperfusion injury Suboptimal, late, more “no reflow” phenomenon

Infarction zone Large infarction zone expansion, wall
thinning, LV dilatation Smaller scar, non-ischemic zone extension, less fibrosis

Plaque Eccentric, obstructive Diffuse, non-obstructive

Treatment Primary PCI procedure,
Standard therapy

Less evidence-based therapy, treatment
delays, negative reactions to the drugs

MI—myocardial infarction, RA—rheumatoid arthritis, SLE—systemic lupus, PPCM—postpartum cardiomy-
opathy, MIOCA—myocardial infarction with obstructive coronary arteries, MINOCA—myocardial infarction
with non-obstructive coronary arteries, STEMI—ST elevation myocardial infarction, NSTEMI—non-ST elevation
myocardial infarction, LV—left ventricular, SCAD—spontaneous coronary artery dissection, PCI—percutaneous
coronary intervention.

6. Sex-Related Mechanisms of Left Ventricular Remodeling
6.1. The Cellular and Extracellular Changes in the Early and Late Phases of Myocardial Infarction

LV remodeling after MI involves the morphological, functional, and bio-humoral
changes that occur in myocytes and extracellular space in the infarcted and peri-infarcted
zones [7,12]. Immediately after the ischemic injury in acute MI, myocardium changes its
structural and mechanical properties and begins the processes of the deposition of collagen,
the excitation–contraction uncoupling, apoptosis, and fibrosis in order to preserve the
heart function, reduce the infarct zone, and minimize the myocardial stress. The healing
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process in which inflammation and fibrosis are combined at an early stage of remodeling
plays a compensatory role to alleviate regional dysfunction and establish normal global
LV function.

It is already known, from previous studies, that the characteristics of normal my-
ocardium are different between men and women [37]. Furthermore, post-mortem data
studies suggested that males have a 10-fold higher rate of apoptosis than females [36,37].
Furthermore, other additional processes of the infarct healing and remodeling, such as
tissue repair, degradation of extracellular matrix (ECM), and myocardial slippage, are
different in men and women [38,39]. Gene mutations responsible for different remodeling
phases and processes are expressed at different levels among males and females [40]. A
very important role in the described gender differences during the post-MI remodeling
process is played by the circulating sex female hormone estrogen [41]. Deficiency of es-
trogen is associated with high vascular stiffness and therefore hypertension, diastolic LV
dysfunction, and HFpEF development [41–43]. Estrogen also modulates natriuretic pep-
tides and accelerates angiogenesis, which stimulates oxygen demand in the hypertrophic
heart [39,41,43].

Delayed apoptosis in females, deposition of fibrosis and collagen, and higher levels of
inflammation may contribute to LV dysfunction and late post-infarction complications in
females [37–40,44].

6.2. Hemodynamic and Functional Patterns of Left Ventricular Remodeling After
Myocardial Infarction

The course of the remodeling process depends on the degree of peri-infarction apop-
tosis and necrosis [38,43]. It has been proposed that the expansion of the infarction zone
lasts hours after MI, but extension that is due to changes in non-ischemic myocardium is
ongoing during weeks and months after MI [43]. All structural and mechanical changes
in myocardium lead to different volume pressure relationships and generate a dynamic
pattern of remodeling after MI. The initial adaptive phase enables the heart to normalize
wall stress and preserve cardiac output, while in the chronic course hypertrophy and
dilatation occur with volume and/or pressure overload. Different LV geometric patterns
are associated with distinctive pathophysiologic modalities, which are very important for
risk stratification in patients after MI [12,39,41,43,45,46].

In women, predominantly, the process of LV hypertrophy after MI is most likely
associated with metabolic and functional changes, flow disorders, and the development of
HF [12,46–48].

In a VALIANT echocardiographic sub-study, authors showed that concentric LV hy-
pertrophy (increased basal LV mass and index of relative wall thickness) carries the greatest
risk of advanced cardiovascular events after MI, including death [49,50]. Hemodynamic
characteristics of LV remodeling in women are better regulated and tolerated with a volume-
pressure ratio, lower fibrosis and myocardial dilation, but elevated wall stress and LV filling
pressure [43,48]. The detection of LV hypertrophy in women after MI has much greater
significance for the outcome and stratification of risk than in men [48–50]. Progression
toward HFpEF occurs in women more often than in men through the faster intermediate
step between condition and disease [48–51].

6.3. Sex Difference in Reverse Left Ventricular Remodeling

The term “myocardial recovery” has been recently introduced and denotes that long-
term treatment with neurohumoral blockage (sympathetic, renin angiotensin aldosterone,
and inflammatory cytokine system) can alleviate the process of maladaptive remodeling
and lead to the return of myocardial structure and function [45,52]. Thus, the changes in
LV volume occur secondary to the myocardial recovery process, i.e., reverse remodeling
(RR) is a complex process of restoration of chamber geometry and function, including
corrections of molecular and transcriptional abnormalities. Essential changes in RR include
a decrease in the size of myocardial cells and collagen amounts, an intense microvascular
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network, hemodynamic optimization, and restoration of cardiac biomarkers and exercise
capacity [52].

The mechanisms of RR are not entirely known, but the most responsible processes
are thought to be in the ECM, i.e., in the altered form of collagen. These reverse changes
occur due to the beneficial effects of exercise, ACE inhibitors, and β-blocker therapy [45].
In patients with HF with reduced ejection fraction (HFrEF), RR was projected and con-
firmed [52]. It has been observed that RR leads to a better clinical outcome and may occur
spontaneously or with myocardial revascularization, surgical, pharmacological, or device
therapy [53]. The previously generally accepted term “ventricular remodeling”, which
included LV dilatation with altered topography and function after coronary artery occlu-
sion, should be aligned with the terms HFrEF and HFpEF in order to indicate patterns of
remodeling, hemodynamic and gender differences, and determine the correct therapeutic
approach [52,53].

7. Risk Factors in Heart Failure Development

The risk of HF development after MI is higher in women, who have a worse outcome
and survival compared to men [20]. Sex disparities are present among patients with HF
with ischemic or non-ischemic origin across various aspects, including epidemiology, risk
factors, pathophysiological mechanisms, diagnostic approach, clinical courses, comorbidi-
ties, treatment strategies, and risk stratification [54]. The prevalence of obstructive CAD in
men is the main reason for the maladaptive LV remodeling and HFrEF development [12].
Women have a higher percentage of preserved systolic function, i.e., HFpEF, while in men
the systolic function is reduced (HFrEF). Indeed, half of the women and only one-third
of men with HFpEF are presented with signs and symptoms of HF [51,54]. Some of the
general risk factors, such as DM, obesity, hypertension, dyslipidemia, and smoking, appear
to be more important in women than in men for the development of the specific phenotype
of HF [55]. Although the prevalence of hypertension and smoking in women is lower
compared to men, both are associated with a higher risk of HF development [54]. Some
of the risk factors specific to women, such as hypertensive disorder of pregnancy (HDP),
eclampsia, or pre-eclampsia, have been shown to transiently change cardiac structure
and function and are associated with a higher severity of HF in later life [54,55]. Anemia
with iron deficiency, which occurs more often in women, in HF conditions, favors the
development of cardiorenal syndrome and significantly worsens the prognosis [55]. Recent
studies showed that nulliparity and shorter total reproductive duration are associated
with a higher risk of HF occurrence [56]. The causal relationship and the role of estrogen
deficiency have not been sufficiently investigated.

8. Types of Heart Failure: Gender Differences

Recent research has confirmed that LV diastolic dysfunction is more pronounced in
women, but, at the same time, with a smaller or larger limitation of systolic function [42,44].
Several factors contribute to this associated dysfunction: systemic and pulmonary vascular
function, right ventricular (RV) function, autonomic tone, and chronotropic reserve [42,43].
Microvascular dysfunction plays a key role in the remodeling process and HFpEF devel-
opment [36,42,44]. Microvascular injury (functional and structural), pro-inflammatory
conditions, and endothelial dysfunction contribute to the change of cardiomyocytes and
the increase in fibrous tissue, resulting in diastolic dysfunction [28,36]. Clinical presen-
tation in women is more often a stiffer heart with a smaller stroke volume, consequent
limitation of diastolic LV reserve with higher wedge and LV filling pressure, and impaired
ventricular–vascular coupling [39,42,43]. Duca et al. demonstrated that men with HFpEF
have higher LV end-diastolic volume (LVEDV) and stroke volume but also more often right
ventricular (RV) dilatation and impaired RV function and lower aerobic capacity compared
to women [42]. In the meta-analysis of 10 randomized studies of patients with acute STEMI
treated with pPCI, Kosmidou et al. showed that women had significantly higher LV ejection
fraction (LVEF) measured by NMR technique, but there was no difference in infarction
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size, measured by SPECT, among men and women [7]. In comparison to men, women
have fewer comorbidities (atrial fibrillation (AF): 68% vs. 55%; anemia: 73% vs. 61%;
sleep apnea: 20% vs. 5%; chronic obstructive pulmonary disease (COPD): 47% vs. 27%,
respectively) [6,12,42,44]. Recent data showed that previous MI in patients with HFpEF
was associated with greater cardiovascular and sudden death risk and worse outcomes.
Compared to men, women had a significantly higher risk of all causes of death and HF
hospitalization after a 12-month period [6].

Heart failure from other different origins showed sex related trends in development,
diagnosis, and clinical expression. The incidence of hypertrophic cardiomyopathy (HCM)
is different between sexes: women account for 35–40% of HCM patients. Diagnosis of HCM
in women is usually made at an older age with more severe symptoms and a higher risk of
HF, AF, and stroke progression, but the incidence of sudden cardiac death is similar in both
men and women. A higher percentage of women carry sarcomere gene variants responsible
for clinical presentation and progression [54,57]. Approximately, Fabry disease (FD) is
diagnosed in 0.9% of patients with HCM, in whom hypertrophy and fibrosis progress
rapidly, leading to HF predominantly in men [58]. Cardiac amyloidosis, including wild-
type transthyretin and light chain type presents more often in men (80–90%), potentially
due to sex differences in myocardial fibril composition. Sex hormones are active in this
condition with a negative influence of 5α-dihydrotestosterone compared to estrogen in
an animal model [59]. Dilatation of LV with systolic dysfunction without evidence of
CAD or any other known disease is called idiopathic dilatative cardiomyopathy (DCM).
Genetic testing for identifying DCM showed no sex variations, but serious complications
and worse outcomes occur more often in men [60]. It is also evident that arrhythmogenic
cardiomyopathy occurs predominantly in men. Sex differences and, at the same time, the
predisposing factors for a poor outcome in arrhythmogenic cardiomyopathy can be a high
level of testosterone and greater physical efforts [59]. Systemic autoimmune disorders such
as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) are more prevalent
in women. The main causes of HF development in these diseases are chronic inflammatory
processes and impaired microcirculation that cause tissue destruction [61]. Peripartum
cardiomyopathy (PPCM) clinically presents with symptoms and signs of HF at the end of
pregnancy or several months after delivery. The etiology of PPCM is heterogeneous with
evidence of several risk factors, such as multiple pregnancies, family history, ethnicity, DM,
hypertension, viral myocarditis, and autoimmune disease [56,62]. Heart failure is a serious
clinical outcome of myocarditis and progressive dilated cardiomyopathy (DCM), in which
inflammation is the main pathogenic mechanism. Studies show that myocarditis and DCM
occur more frequently in men (women to men 1:3). In women, dyspnea is the predominant
symptom, and unlike men, they are over 50 years of age and have a better regulatory
immune response and lower levels of biomarkers, remodeling, and fibrosis, all of which
lead to DCM and HF, compared to men [63]. The therapeutic approach for myocarditis and
DCM follows HF guidelines, but standard medications for HF show differences in efficacy
between men and women [63,64].

Advanced heart failure refers to patients with severe heart failure (NYHA Functional
Class III-IV) despite guideline-directed drug therapy, in which case mechanical supportive
therapy is indicated. There is ample evidence that there are many sex differences in device
implantation and heart transplant therapy [65]. The literature reports: fewer appropriate
ICD shocks in women compared to men, greater benefit of CRT, similar survival benefit of
left ventricular assist device (VAD) but higher risk of neurologic adverse events, poorer
survival awaiting heart transplantation in patients with similar medical urgency but slightly
better survival than men after transplantation [65,66]. Possible reasons for this include
the smaller diameter of the heart and vessels, a greater tendency to bleed during invasive
procedures, and a more severe form of heart failure at the time of device implantation, as
well as mismatching of donor and recipient [65–67]. Sex differences in patients with heart
failure are presented in Table 2.
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Table 2. Sex differences in patients with heart failure.
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diabetes mellitus, smoking

+Hypertensive disorder in pregnancy
Eclampsia, anemia with iron

deficiency, rheumatic diseases

Type of HF HFrEF: DCM, myocarditis, HCM, Fabry
disease, AL HFpEF, HFmEF: HF in RA, SLE, PPCM

LV remodeling and function LV dilatation, eccentric remodeling
Systolic Dysfunction, lower EF

Concentric LV remodeling, Dominant
Diastolic LV dysfunction, higher EF

Hemodynamic Higher preload, RV dilatation and
dysfunction

Smaller SV, high wedge and LV filling
pressure, impaired LV-vascular coupling

Mechanisms Obstructive CAD, maladaptive LV
remodeling

Microvascular injury, pro-inflammatory
condition, endothelial dysfunction

HF—Heart Failure, DCM—dilatative cardiomyopathy, CAD—coronary artery disease, EF—Ejection Fraction,
RV—right ventricular, HFrEF—heart failure with reduced ejection fraction, HCM—hypertrophic cardiomyopathy,
AL–amyloidosis, HFpEF—heart failure with preserved ejection fraction, HFmEF—heart failure with mid-range
ejection fraction, SV—stroke volume.

9. Variants in Cardiovascular Pharmacotherapy

It is well known that there are sex differences in the efficacy and safety of cardiovascu-
lar drugs, but in everyday practice these findings are not taken into account.

Biological differences among sexes in body composition, fluctuations in sex hormones,
clinical characteristics, and specificity of MI and remodeling pattern significantly influ-
ence the effective response of cardiovascular therapy [62,64]. It is becoming increasingly
clear that the pharmacokinetics, pharmacodynamics, and pharmacogenetics of several
drugs differ between the sexes. These include cardiovascular drugs, the cornerstones of
pharmacologic therapy prescribed after myocardial infarction to preserve cardiac function
and infarct-related arterial patency, such as beta-blockers, renin–angiotensin–aldosterone
inhibitors, and antithrombotic drugs. Some physiological differences between men and
women may influence drug metabolism. The distribution of the hydrophilic and lipophilic
compartments is different; women have a higher proportion of body fat and a lower
plasma volume, and the elimination times are longer with increased blood concentrations
of the drugs. Therefore, the frequency of adverse drug reactions is higher in women [68].
Higher gastric pH and lower intestinal fluid volume lead to lower oral bioavailability and
reduced or delayed absorption of beta-blockers (metoprolol), calcium channel blockers
(verapamil), and enteric-coated aspirin. In women, lower glomerular filtration and tubular
secretion were found, resulting in slower renal clearance of propranolol, metoprolol, and
verapamil [69]. There are differences between men and women in hepatic metabolism
and in the activity of membrane transporters in the intestine. Therefore, several cardio-
vascular drugs, such as labetalol, propranolol, verapamil, the ARB inhibitor losartan, and
the platelet aggregation inhibitor ticagrelor, achieve improved bioavailability and absorp-
tion [68] (Table 3). Female patients are more susceptible to electrolyte imbalance after
taking therapy as well as to the pro-arrhythmogenic action of some antiarrhythmics with
QT interval prolongation and the appearance of malignant arrhythmia, which may all be
the reason for the worse outcome and prognosis in women after MI [69].
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Table 3. Major female characteristics of the therapeutic approach.

Physiological
Characteristics Pharmacodynamics Standard Therapy Drug Response

• Higher lipophilic
compartment

• Lower plasma volume
• Higher gastric pH
• Smaller volume of small

intestinal fluid and lower
• P-gp activity
• Lower glomerulal

filtration rate

• Increased blood
concentration

• Prolonged times
elimination

• Lower oral bioavaiability
• Reduced and delayed

drugs absorption

• Treatment delays (pPCI)
• Low rate of receiving

reperfusion
• Low prescription rate of

BB, antiplatelet drugs,
ACE inhibitors and statin

• Incomplete cardiac
rehabilitation

• More adverse drug
reactions

• Higher risk of severe
bleeding

• Greater reduction in HR
and BP during BB
therapy

• Hypo Na, HypoK as a
result of diuretics

• Lower dose of ACE
inhibitors, ARNI and BB,
better effect of CRT

ACE—angiotensin-converting enzyme, BB—β-blockers, pPCI—primary percutaneous intervention, HR—heart rate,
CRT—cardiac resynchronization therapy, ARNI—Angiotensin receptor-neprilysin inhibitors, BP—blood pressure.

Despite the important role of sex hormones in women and promising experimental
studies, some clinical trials have shown that estrogen replacement therapy was associated
with a higher incidence of CAD and thromboembolism without a significant impact on
cardiovascular mortality in women with a history of MI [68].

Significant biological differences, such as smaller vessel size and higher prevalence of
MINOCA in women, may limit the therapeutic benefit of PCI and standard drug therapy
for MI. The ILUMIEN IV trial confirmed the clinical benefit and predictive power of
intravascular imaging in PCI and the positive impact of OCT guidance [70]. It is known
that the risk of cerebral hemorrhage after PCI is higher in women, and anticoagulation
with unfractionated heparin also increases the risk of bleeding [68]. New pharmacological
strategies to limit ischemia-reperfusion injury are the subject of numerous past and ongoing
experimental studies and clinical trials. Since superoxide dismutase activity is higher in
the heart of women than in men, new drugs targeting oxidative stress are the subject of
ongoing pilot studies [68,69]. The different stimulation of the A1 receptor and the different
response of the endothelium in men and women indicate that the cardioprotective effect of
adenosine is lower in women [63]. Drugs that target inflammation, such as doxycycline,
rituximab (monoclonal antibody), and those that act on thrombosis (zalunfiban) (GPIIb/IIIa
inhibitor), are the subject of research, as it is known that the platelets and fibrinolytic system
are more reactive in women than in men [68]. The new drugs that have found clinical
application are those that act on cardiometabolic factors, i.e., lipid-lowering drugs such
as evolocumab (monoclonal antibody against proprotein convertase subtilisin/kexin type
9-PCSK9), which is less effective in lowering LDL cholesterol in women than in men, and
inhibitors of sodium-glucose co-transporter 2 (SGLT2) (dapagliflozin and empagliflozin),
which also showed less clinical benefit in women with HF than in men [69,71].

EMA601 is a novel antiplatelet drug with the ability to inhibit glucoprotein VI (GPVI), a
platelet collagen/fibrin receptor, and thus prevent or treat arterial thrombosis and thrombo-
inflammatory processes in high-risk patients. Experimental studies and ex vivo results
are likely to be supported by clinical trials such as the LIBERATE study to allow this
high potential GPVI inhibitor to be used clinically [72]. A step towards personalized ther-
apy is undoubtedly the use of colchicine in cardiology practice, slowing the process of
atherosclerosis in patients with TET2 gene mutation who exhibit clonal hematopoiesis [73].
An important contribution to understanding the mechanisms of sex-based differences in
cardiovascular disease are the results and conclusions of the study by Titova et al. who
investigated how circulating cardiometabolic proteins affect the risk of myocardial in-
farction [74]. The authors concluded that forty-five proteins were associated with the
occurrence of incident MI, and 13 of the protein associations were sex specific, with the ma-
jority affecting women. The proteins identified in this study and the observed sex-specific
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differences in the associations between proteins and future MI with potential explanations
shed light on the development of MI and could form the basis for the development of
personalized medicine and meet the unique needs of women with MI [74,75].

Infarct-related cardiogenic shock (CS) is one of the most severe complications with very
limited therapeutic options and a mortality rate of up to 50% within the first 30 days [76]. In
a recent study by Wang et al., the authors postulated that sex specific performances of the
ORBI score might differ and that adjusting for these differences could improve its predictive
power. They also showed that the novel SEX-SHOCK score, in which several calculation
components differ between men and women, provides better prediction of intrahospital CS
in women and men across the spectrum of acute coronary syndrome. The main variables
selected to calculate the score in women compared to men were CRP, ST-segment elevation,
LVEF, and creatinine level [77].

Recent studies suggested that women with HFrEF might need lower doses of ACE
inhibitors or angiotensin receptor blockers (ARBs) and β-blockers than men and do not ex-
perience any additional benefits with titration to the peak dose of these medications [78,79].
The therapeutic benefit of sacubitril-valsartan (ARNI drug) in reducing the risk of HF
hospitalization is more significant in women than in men. The same study showed that
valsartan monotherapy (without a neprilysin inhibitor) of HFpEF resulted in lower effi-
cacy in women compared to men [44]. It has also been shown that the response to HF
resynchronization therapy is significantly better in women [67].

The therapeutic efficacy of digitalis is significantly lower in women, and it was even
suggested it may even have a detrimental effect in women with HFrEF and increase the
risk of death from any cause [80]. However, beneficial effects of digitalis might be very
important in the therapeutic approach of HFrEF in men. In patients with HF included in
the TOPCAT study, it was shown that the recommended medications were equally effective
in all types of HF regardless of LVEF in women, while in men this was only the case with
HFrEF [81].

In everyday practice, a smaller number of women than men receive timely and ad-
equate therapy in primary and secondary prevention of atherosclerotic disease of the
coronary arteries. Women with similar cardiovascular risk receive less often antiplatelet
and lipid-lowering drugs than men, but also neurohormonal antagonists (blockers of the
renin–angiotensin system, β-blockers, and mineralocorticoid receptor antagonists) [64,79].
Women are less likely than men to be treated with coronary reperfusion therapy in the form
of a PCI procedure or fibrinolysis. Women are less likely than men to participate in and
complete cardiac rehabilitation programs (Table 3).

Some of the negative reactions to drugs are more widespread and severe in women.
Personalized pharmacological treatment with dose-adjustments in the female population
would address the need for true optimal therapy for men and women.

10. Conclusions

Gender differences in patients with myocardial infarction are related to the risk factors
that affect the occurrence of MI, mechanisms of myocardial damage, characteristics of coro-
nary lesions and microcirculation, left ventricular remodeling, and development of heart
failure. The complex interaction of cellular, extracellular, neurohormonal, inflammatory,
and genetic factors in acute infarction is likely the basis for the diversity of occurrence,
clinical presentation, hemodynamic response, and outcomes between men and women.
The assessment of these integrative factors, together with cardiovascular therapy, provides
a better insight into all processes of LV remodeling and HF development.
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