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Summary 
The annual incidence of cardiovascular diseases is age-
dependently increasing both in men and women, however, the 
prevalence is higher in men until midlife. The higher incidence of 
cardiovascular disease in men than in women of similar age, and 
the menopause-associated increase in cardiovascular disease in 
women, has led to speculation that gender-related differences in 
sex hormones might have a key role in the development and 
evolution of cardiovascular disease. There are several suggested 
pathways in which gender and sex hormones can affect human 
cardiovascular system to produce original sexually different 
pathophysiology between women and men. Sex steroid 
hormones and their receptors are critical determinants of 
cardiovascular gender differences. Also arterial blood pressure is 
typically lower in women than in men what could be explained 
particularly by greater synthesis of nitric oxide (NO) in women. 
Female cardiomyocytes have a greater survival advantage when 
challenged with oxidative stress, suggesting that female 
hormones may play an important role in antioxidative protection 
of myocardium. It was also demonstrated in animal models that 
combination of XX chromosomes versus an XY chromosomes 
enhances sex differences in higher HDL cholesterol. Women were 
found to have reduced sympathetic activity (reflected by lower 
total peripheral resistance) and pulmonary artery pressure and 
enhanced parasympathetic activity relative to men. Similarly, 
men were found to have higher plasma norepinephrine levels 
than women. Regarding differences between the sexes in 
electrophysiology of the heart, two principle mechanisms have 
been proposed to explain them: hormonal effects on the 
expression or function of ion channels or, conversely, differences 
in autonomic tone. To improve diagnosis and treatment of 

cardiovascular diseases, greater focus on understanding the 
molecular and cellular physiology of the sex steroid hormones 
and their receptors in the cardiovascular system will be required. 
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Introduction 
 

Cardiovascular diseases remain the primary 
cause of death worldwide. In the U.S.A., deaths due to 
cardiovascular disease for women surprisingly exceed 
those of men. On the other hand in middle-aged 
premenopausal women the incidence of cardiovascular 
disease is lower than in men (Levenson et al. 2002, 
Reckelhoff 2005). It means that women develop 
cardiovascular disease later in life than men. The higher 
incidence of cardiovascular disease in men than in 
women of similar age, and the menopause-associated 
increase in cardiovascular disease in women, has led to 
speculation that gender-related differences in sex 
hormones might have a key role in the development and 
evolution of cardiovascular disease (Armeni and 
Lambrinoudaki 2017). Compelling data have indicated 
that sex differences in vascular biology are determined 
not only by gender-related differences in sex steroid 
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levels, but also by gender-specific tissue and cellular 
differences that mediate sex-specific responses. 
Cardiovascular cells contain functional estrogen, 
progesterone and androgen receptors and are targets for 
sex hormone action, which can influence many 
physiological and pathological processes, including 
vascular and myocardial cell homeostasis (Pierdominici 
et al. 2011). Gender disparity plays an important role in 
cardiovascular disease prevalence and burden with 
significant gender related differences reported in 
cardiovascular clinical presentation mortality, morbidity 
and risk factors profiles (Dantas et al. 2012). While 
cultural and psychosocial factors such as education, 
economic status, marital status and access to healthcare 
contribute to sex differences in adverse outcomes, 
physiological and molecular bases of differences between 
women and men that contribute to development of 
cardiovascular disease and response to therapy remain 
generally underexplored. 

The effects of gender differences, including sex 
hormones, on cardiac and vascular cell injury and death 
and their influence in determining atherosclerosis, heart 
failure and other main human cardiovascular diseases 
started to be studied only recently. On the other hand, 
hormones are important but not unique actors in this 
issue, further genetic and epigenetic determinants being 
involved. Therefore, we need to derive some theories in 
order to suggest the best forecast, diagnosis, treatment 
and post-therapeutic prognosis with regard to differences 
between women and men what corresponds to the up to 
date approach of personalized medicine. The gene 
expression theory of human sex hormones modulating 
cardiovascular system could describe and explain most 
differences between women and men. The lower 
incidence of cardiovascular disease in middle-aged 
premenopausal women than in men and postmenopausal 
women has been attributed to the presence of female sex 
steroids in the circulation (Orshal and Khalil 2004). 
 
Possible pathogenetic mechanisms 
 

The mechanisms underlying these gender 
differences of the cardiovascular system pathophysiology 
between women and men can be explained by few 
different theories. In other words, there are several 
suggested pathways in which genetic sex itself and sex 
hormones can affect human cardiovascular system to 
produce original sexually different pathophysiology 
between women and men. 

Nitric oxide 
Sex steroid hormones and their receptors are 

supposed to be critical determinants of cardiovascular 
gender differences (Mendelsohn and Karas 2005). For 
instance, arterial blood pressure is typically lower in 
premenopausal women than in men what could be 
explained particularly by greater synthesis of nitric oxide 
(NO) in younger women (Forte et al. 1998). These sex 
differences are due partly to the well-known beneficial 
effects of estrogens, which include vasodilation thanks to 
upregulation of NO production in human endothelial cells 
and other cardiovascular protective functions (Chambliss 
and Shaul 2002, Yang et al. 2013). Logically numerous 
studies on human beings and also in animal models have 
dealt with a role of estrogens in cardiovascular protective 
functions. On the contrary the potential beneficial  
effects of progesterone have not been broadly 
acknowledged. Only recently progesterone has received 
more attention in studies performed on human beings 
(Pang et al. 2015, Nath and Sitruk-Ware 2009) and  
its protective effects on the cardiovascular system  
were simultaneously demonstrated in animal models  
(Chow et al. 2010, Roesch and Keller-Wood 1997). For  
instance, an activation pathway of the phosphoinositide  
3-kinase/serine/threonine protein kinase (PI3K/AKT)-
dependent endothelial NO synthase (eNOS) was proved 
to protect the cardiovascular system. The mechanism of 
this progesterone effect is an increase of NO synthesis 
and eNOS phosphorylation in human vascular endothelial 
cells through activation of membrane progesterone 
receptor-α (Pang et al. 2015) what can effectively 
contribute to the blood pressure control. Thus, sex 
hormones can participate in rapid cellular activation 
pathways that either at least initially do not alter gene 
expression. 

Functional steroid sex hormones receptors 
expressed in cardiovascular cells were already mentioned. 
But these receptors do not act alone, they interact with 
a broad array of regulatory proteins to alter transcription 
in target cells. Typical specific regulatory protein is 
coactivator 3 that is involved in mediating estrogen 
inhibition of vascular injury. In any case, most effects of 
sex hormones are based on gene expressions, for instance 
NO mediated vascular dilatation following activation of 
estrogen receptors (ERs): binding of estrogen to ERs 
leads to activation of gene expression of eNOS (Iorga  
et al. 2017). 
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Enzymes 
It has been reported that female cardiomyocytes 

have a greater survival advantage when challenged with 
oxidative stress, suggesting that female hormones may 
play an important role in antioxidative protection of 
myocardium (Knowlton and Lee 2012, Wang et al. 
2010). This theory was confirmed by a large set of animal 
experiments: 

1. Lagranha et al. (2010) showed that 
administration of estrogens attenuated the generation of 
reactive oxygen species and reduced apoptosis by 
suppressing ischemia/reperfusion (I/R) induced oxidative 
injury of myocardium. This cardioprotective effect of 
estrogens was found to be mediated by enhancing  
an expression of cystathionine-γ-lyase (CSE), an enzyme 
generating hydrogen sulfide (H2S). As oxidative stress is 
considered one of the main causative factors in various 
cardiovascular disorders (Fearon and Faux 2009) this 
effect of estrogens seems to be extremely important. 

2. Wang et al. (2015) proved that the CSE 
inhibitor or the CSE small interfering RNA attenuated the 
protective effect of 17β-estradiol against H2O2

- and 
hypoxia/reoxygenation-induced injury in primary 
cultured neonatal cardiomyocytes. Moreover they 
demonstrated that estrogens stimulate CSE expression via 
estrogen receptor-α both in cultured cardiomyocytes in 
vitro and in the myocardium of female mice in vivo. 

3. In fact, this is not the only mechanism 
underlying the fact that pre-menopausal women are better 
protected against ischemia/reperfusion-induced oxidative 
injury of myocardium. Female hearts have also increased 
phosphorylation and activity of aldehyde dehydrogenase, 
an enzyme that detoxifies reactive oxygen species (ROS) 
and thus myocytes from female hearts had less ROS 
generation following ischemia/reperfusion process than 
male myocytes (Claudia et al. 2010). 

Activation of estrogen receptors (ERs) on the 
mitochondrial membrane in cardiomyocytes leads to 
maintenance of mitochondrial hemostasis, cell survival 
and cardioprotection. The mechanism of cardioprotection 
lies in phosphorylation of aldehyde-dehydrogenase 2 
resulting in its increased activity and thus in protection of 
the heart against ischemic damage (Iorga et al. 2017). 

4. Another recent animal study on female mice 
suggested anti-fibrotic effect of estrogen in the heart by 
blocking the pro-fibrotic effects of angiotensin II and 
endothelin-1 on metalloproteinases (MPs) (Pedram et al. 
2016). Hereby estrogen prevents enzymatic digestion of 
myocardial extracellular matrix by MPs that would lead 

to imbalance of collagen deposition and thus to cardiac 
remodeling. 
 
Sex chromosomes 

Like autosomal chromosomes, the sex 
chromosomes (ChrX; ChrY) are thought to have once 
been identical pairs that were free to recombine and 
exchange genetic material. Over the course of evolution, 
ChrY became unique from all other chromosomes with 
the acquisition of a dominant sex-determining gene and 
subsequent chromosomal inversions that restricted 
recombination with its homologous ChrX that led to its 
degradation. The relatively few protein-coding genes on 
ChrY are predominantly male-specific genes acquired 
through transposition and translocation from other 
chromosomes. Some authors indicate that a locus/loci on 
the Y chromosome may influence LDL levels indepen-
dently of testosterone levels (Charchar et al. 2004).  
Other authors also demonstrate in animal models  
that combination of XX chromosomes versus  
an XY chromosomes enhances sex differences in higher 
HDL cholesterol. It is conceivable that increased 
expression of genes escaping X-inactivation in XX mice 
regulates downstream processes to establish sexual 
dimorphism in plasma lipid levels (Link et al. 2015). 
Following menopause, the lipid profile of females 
becomes more atherogenic and is correlated with the 
higher incidence of heart disease in that population. As 
a consequence, there has been considerable interest in the 
potential role of sex hormones in atherogenesis, 
particularly the potential protective effects of female 
gender. Over the last decade, compelling evidence has 
emerged that sex differences in vascular biology are not 
only determined by gender-related differences in sex 
steroid levels but also by gender-specific tissue and 
cellular characteristics which mediate sex-specific 
responses to a variety of stimulation. Moreover, it was 
suggested that genes located on the Y chromosome are 
associated with the renin-angiotensin-aldosterone system 
(RAAS) (Sampson et al. 2014). It seems to be proved that 
the Y chromosome significantly impacts the renal 
vascular responsiveness and therefore may influence  
the long-term renal regulation of blood pressure. In 
addition to Y-linked genes also X-linked genes associated 
with the RAAS were described (Li et al. 2014).  
While polymorphisms of X-linked genes could play  
an independent leading role in determining susceptibility 
to arterial hypertension in both genders (Li et al. 2014), 
the genetic lineage from which the Y chromosome 
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originates, whether it is inherited from a hypertensive or 
normotensive father, plays an integral role in men 
(Sampson et al. 2014). 
 
Hypothalamic-pituitary-adrenal axis (HPA) 

Interactions between the gonadal hormone 
system and the HPA belong to the key mediators of many 
sex differences, as mechanisms causing sexual 
dichotomies involve a confluence of neural and 
peripheral circuits leading to greater glucocorticoid 
release in females (Goel et al. 2014). Systems impinging 
on the HPA axis that contribute to these sex differences 
include the monoamine neurotransmitters norepinephrine 
and serotonin. More synthesis and faster replenishment of 
stress peptide stores are typical for females, while higher 
activity of limbic inhibitory pathways is characteristic for 
males. Diverse signals originating from the brain and 
periphery are integrated to determine the level of 
HPA activity, and these signals are, in many cases, sex-
specific thanks to negative feedbacks impacted by 
gonadal hormones. This is the pathway by which 
androgens increase and estrogens decrease an activity of 
the HPA axis (Goel et al. 2014). As sex hormones act as 
neuroactive steroids regulating the function of 
neuroendocrine diencephalic structures like the 
hypothalamus, they can exert differential effects on 
a variety of sensitive tissues. While their role in extra-
hypothalamic areas related to memory, motivated 
behaviors, learning, and locomotion has been the focus of 
much research, the effects of sex hormones on the 
neurochemical regulation of cardiovascular system only 
start to be studied. Recent studies of blood pressure 
control and cardiac function in healthy men and women 
have demonstrated that women and men use the two arms 
of the baroreflex system differently. At all ages, women 
were found to have reduced sympathetic activity 
(reflected by lower total peripheral resistance) and 
pulmonary artery pressure and enhanced parasympathetic 
activity relative to men. Similarly, men were found to 
have higher plasma norepinephrine levels than women 
(Geelen et al. 2002). 
 
A role of diabetes 

It is not necessary to emphasize that diabetes is 
one of crucial risk factors in cardiovascular morbidity and 
mortality and so sex related differences in glucose 
metabolism can be also very interesting from this point of 
view. Males appear to be at greater risk of diabetes at 
younger age and at lower body mass index (BMI) 

compared to women, but women feature a dramatic 
increase of their cardio-metabolic risk after menopause 
(Stuenkel 2017). Pre-diabetic and diabetic women are at 
much higher relative risk for vascular disease. Women 
are more often obese and less physically active, but may 
even have greater benefit from increased physical activity 
than males. Whereas men predominantly feature impaired 
fasting glucose, women often show impaired glucose 
tolerance. A history of gestational diabetes or the 
presence of a polycystic ovary syndrome or increased 
androgen levels in women, on the other hand the presence 
of erectile dysfunction or decreased testosterone levels in 
men are sex specific risk factors for diabetes 
development. Several studies showed that diabetic 
women reach their targets of metabolic control glycated 
hemoglobin, blood pressure and low-density lipoprotein-
cholesterol less often than their male counterparts, 
although the reasons for worse treatment outcome in 
diabetic females are not clear (Kautzky-Willer et al. 
2016). Estrogens receptors regulate various aspects of 
glucose and lipid metabolism. Disturbances of this 
metabolic signal lead to the development of metabolic 
syndrome and a higher cardiovascular risk in women. The 
absence of estrogens is a clue factor in the onset of 
cardiovascular disease during the menopausal period, 
which is characterized by lipid profile variations and 
predominant abdominal fat accumulation. Sex hormones 
generally influence body fat distribution and adipocyte 
differentiation. Estrogens regulate various aspects of 
glucose and lipid metabolism and the absence of 
estrogens has a significant effect on obesity in 
menopausal women as it leads to the development of 
metabolic syndrome and a higher cardiovascular risk 
(Lizcano and Guzman 2014). Thus, estradiol and their 
receptors in the hypothalamus play a key role in 
metabolic syndrome development during menopause. 
 
A role of inflammation and thrombosis 

Some interesting sex related differences were 
observed in pathogenesis of coronary atherosclerosis. 
Endogenous and particularly exogenous sex hormones 
influence fat distribution/deposition, insulin resistance, 
lipid metabolism, coagulation factors, and inflammation 
measured by high sensitivity C-reactive protein (Bairey 
Merz et al. 2006). For instance, inflammatory processes 
increase anticardiolipin antibodies, which are more 
prevalent in women. Reduced NO synthesis, increased 
endothelium permeability and expression of proteins 
required for adhesion of inflammatory cells are processes 
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modulated by sex hormones (Fortini et al. 2019). 
Estrogen is promoting eNOS activation and limiting the 
expression of proteins involved in monocytes and 
neutrophils adhesion to the endothelial monolayer and 
thereby preventing the migration of leukocytes to the sub-
endothelial space and their subsequent production of 
inflammatory cytokines (Cossette et al. 2013). Women 
appear to have more diffuse atherosclerosis, less luminal 
stenosis, higher incidence of endothelial dysfunction, and 
a higher prevalence of microvascular dysfunction than 
men (Shaw et al. 2006, Bairey Merz et al. 2006). 
Protective effect of estrogens on endothelial function 
seems to be related to an influence of the shear stress on 
the endothelial function (Holder et al. 2019). The 
pathoanatomic substrate for coronary thrombosis also 
differs between men and women. In men, 80 % of 
coronary thrombi tend to occur because of plaque rupture, 
whereas in women, 20-40 % of coronary thrombi occur 
on an intact atherosclerotic plaque with superficial 
atherointimal erosion (Burke et al. 1998, Farb et al. 
1996). This plaque erosion is a common finding in 
sudden cardiac death in younger women who were 
smokers and postmenopausal women taking hormone 
replacement therapy. 

Sudden death was reported in 40 % of the men 
and 34 % of the women with ischemic artery disease. The 
incidence of sudden death is low in subjects of both sexes 
under 45 years. Above this age, the incidence doubles 
with each additional decade of life, starting 20 years later 
in women. A history of myocardial infarction increases 
the risk of sudden death by 4 in men and by 3 in women. 
Ten years after the infarction, the risk of sudden death is 
5.3 % in women and 11.9 % in men (Kannel et al. 1998). 
 
Ca2+ handling in cardiomyocytes 

The ability to recognize and appreciate from 
a reproductive standpoint that males and females possess 
different attributes has been long standing. Only more 
recently we have begun to look more deeply into both the 
similarities and differences between men and women 
with respect to the structure and function of different 
organ systems. Recognizing the differences between the 
sexes with respect to cardiovascular function facilitates 
understanding of the mechanisms whereby homeostasis 
can be achieved using different contributions or 
components of the living system. Furthermore, 
recognition of the differences as well as the similarities 
permits the design of appropriate diagnostic instruments, 
recognition of sex-specific pathophysiology and 

implementation of appropriate treatment of 
cardiovascular disease in men and women. 

Sex differences at several different locations in 
the excitation-contraction (E-C) coupling pathway have 
been implicated. Most notably, new studies have shown 
that cardiomyocytes from female hearts exhibit a marked 
decrease in the gain of E-C coupling, which translates to 
a decrease in sarcoplasmic reticulum (SR) Ca2+ release. 
This has been observed as lower peak Ca2+ transients and 
smaller individual SR Ca2+ sparks in myocytes from 
females, in comparison to males (Parks and Howlett 
2013). Moreover, myocardial contractile function is 
modified also by testosterone, with a focus on the impact 
of testosterone on processes that regulate Ca2+ handling at 
the level of the ventricular myocyte. The idea that 
testosterone regulates Ca2+ handling in the heart is 
important, as Ca2+ dysregulation plays a key role in the 
pathogenesis of a variety of different cardiovascular 
diseases (Ayaz and Howlett. 2015). Therefore, female 
myocytes have smaller contractions in comparison to 
males. Contractions are also slower to relax in female 
myocytes, which is likely a result of reduced SR Ca2+ 
uptake via SERCA. Oophorectomy causes a marked 
increase in the gain of E-C coupling, resulting in larger 
peak Ca2+ transients and larger Ca2+ sparks what suggest 
that estrogens suppress SR Ca2+ release and contributes 
importantly to the reduction in EC coupling gain present 
in cardiomyocytes from females. Oophorectomy also 
promotes cardiomyocyte Ca2+ dysregulation, including 
elevated SR Ca2+ content and larger unitary Ca2+ release 
events. This SR Ca2+ overload promotes the spontaneous 
release of Ca2+ from the SR. This could increase 
susceptibility to a range of different cardiovascular 
diseases in low estrogen states, such as in post-
menopausal women. This is consistent with evidence that 
oophorectomy increases action potential duration in 
individual myocytes in animal models. This may be 
clinically important as prolongation of the action 
potential can increase the probability of early RonT 
depolarizations, which can trigger arrhythmias such as 
torsades des pointes. 
 
Controversies of estrogen´s cardioprotective 
effect 
 

Many mechanisms underlying possible 
cardioprotective effect of female hormones were already 
mentioned in the previous paragraphs. On the other hand, 
while postmenopausal women are at greater risk than 
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premenopausal women regarding cardiovascular 
mortality, the incidence of cardiovascular diseases is still 
significantly lower in postmenopausal women compared 
to age-matched men (Arnold et al. 2017). Furthermore, at 
this age, the risk of a first incident coronary heart disease 
is higher in men while the risk of a first incident 

cerebrovascular disease or heart failure is higher in 
women. It indicates that the cardioprotection conferred by 
estrogens is more complex than it was supposed and that 
more factors in addition to female hormones must be 
taken into account (Fig. 1). 

 
 

 
 
Fig. 1. Main pathways of cardioprotective mechanisms in women (see more details in the text). 
 
 

Moreover, hormone replacement therapy (HRT) 
in postmenopausal women is at least controversial 
(Menazza and Murphy 2016). While the use of estrogen 
therapy has shown beneficial effects on cardiovascular 
diseases in animal models, large-scale randomized 
clinical trials designed to study the efficacy of hormonal 
replacement therapy in reducing the risk of coronary 
artery disease in postmenopausal women have completely 
failed (Grady et al. 2002) particularly due to adverse 
cardiovascular events and increased risk of breast cancer. 
This failure could be at least in part due to the HRT being 
administered long after the onset of menopause in most of 
the women enrolled (Arnold et al. 2017). A new 
hypothesis called “Critical window of hormone therapy” 
suggests that the HRT is effective if started as early as 
possible at the onset of menopause (Maki 2013). 
 
Electrophysiology of the heart 
 

Sex differences in cardiac repolarization and the 
arrhythmogenic risk of patients with inherited and 
acquired long-QT syndromes (LQTS) are well 
appreciated clinically. Female sex is a risk factor for both 

inherited and acquired LQTS and uses to be associated 
with higher incidence of arrhythmic events, particularly 
torsade de pointes, in women (Locati et al. 1998, 
Schwartz et al. 2006). On the other hand, women are less 
likely to experience ventricular tachycardia/ventricular 
fibrillation (VT/VF), and have fewer VT/VF episodes 
than men. Enhancing our knowledge of the mechanisms 
underlying these differences is critical to improve our 
therapeutic strategies for preventing sudden cardiac 
death. We can only speculate that the underlying 
mechanism is an effect of sex hormones on the 
expression and function of ion channels that control 
cardiac cell excitation and repolarization as well as on 
key proteins that regulate Ca2+ dynamics at the cellular 
level. These mechanisms could explain already proved 
role of sex hormones in modifying the dynamic 
spatiotemporal (regional and transmural) heterogeneities 
in action potential duration, e.g. the arrhythmogenic 
substrate (Odening and Koren 2014). The evidence from 
studies also published to date show that women have 
a higher mean resting heart rate, a longer QT interval, 
a shorter QRS duration, a lower QRS voltage, a shorter 
P wave duration, and shorter PR interval than men. 
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Women have a higher prevalence of sick sinus syndrome, 
inappropriate sinus tachycardia, atrioventricular nodal 
reentry tachycardia, idiopathic right ventricular 
tachycardia, and arrhythmic events in the long-QT 
syndrome. In contrast, men have a higher prevalence of 
atrioventricular block, carotid sinus syndrome, atrial 
fibrillation, supraventricular tachycardia due to accessory 
pathways, Wolff-Parkinson-White syndrome, reentrant 
ventricular tachycardia, ventricular fibrillation and 
sudden death, and the Brugada syndrome (Bernal and 
Moro 2006). Two principle mechanisms have been 
proposed to explain these differences between the sexes: 
hormonal effects on the expression or function of ion 
channels or, conversely, sex related differences in 
autonomic tone. It is also possible that a combination of 
these two mechanisms may be involved. Sex hormones 
could regulate the expression of cardiac ion channels, for 
instance progesterone increases delayed rectifier  
K+ current through the nitric oxide production pathway 
and prevents cyclic adenosine monophosphate 
enhancement of L-type Ca2+ current (Rosano et al. 1996). 
Other possible mechanisms are different distributions of 
ion channels between both sexes. This fact was described 
on animal experiments: 

1. James et al. (2004) reported sex-related 
differences in ventricular myocyte repolarization in the 
guinea pig. They have found in their study that delayed 
rectifier K+ current and inward rectifier K+ current were 
different between sexes regardless of menstrual cycle. 

2. Gaborit et al. (2010) further reported that 
male and female human hearts had significant differences 
in ion-channel subunit composition, with female hearts 
showing decreased expression of a number of 
repolarizing ion-channels. 

The autonomic nervous system could also play 
the role. Autonomic regulation, contributing to different 
cardiac electrophysiology (Kapa et al. 2010, Yang et al. 
2013) might explain gender differences in various 
arrhythmias (Dart et al. 2002, Hu et al. 2009, Morillo  
et al. 1994). Also idiopathic ventricular outflow tract 
ventricular tachycardias (RVOT-VT) were proved to 
have significant differences in electrophysiological 
characteristics between sexes (Yang et al. 2014). Ran  
et al. (2010) documented that Arg16Gly polymorphism in 
the ADRB2 gene encoding the β2-adrenoceptor is 
significantly associated with RVOT-VT, which suggests 
a possible role of sympathetic system in this type of 
arrhythmia. In summary, gender differences might be 
attributed to multiple factors. 

Not only the duration of repolarization is 
different in women, the so-called nonspecific 
repolarization changes in the 12-lead electrocardiogram 
are much more frequent in women. Similarly, the 
duration of the QT and QTc interval becomes shorter in 
men after puberty. The effects of estradiol and 
progesterone changes occurring in physiological 
menstrual cycle on ventricular premature beats (VPBs). 
VPB frequency is decreasing with estradiol peak in the 
ovulation period. This suggests that estrogen may have 
protective effects against ventricular arrhythmias (Dogan 
et al. 2016). Again, hormonal influences on the 
membrane ion channels, autonomic tone or a combination 
of these factors may all play a role. A combined 
mechanism would lead to greater sympathetic activity 
and a lower baroreflex response in men of any age as well 
as to more pronounced parasympathetic or vagal activity 
in women. 

Some reports have shown that women may 
obtain greater benefit than men from cardiac 
resynchronization therapy (CRT). CRT is an established 
therapy for symptomatic patients with heart failure, 
a reduced left ventricular ejection fraction, and electrical 
dyssynchrony (Kittnar et al. 2017). However, the reason 
for the sex related difference in CRT outcome is not yet 
fully clarified. One option could be shorter QRS complex 
in women as the QRS duration is supposed to predict 
a success rate of CRT. Another possibility is a difference 
in the cause of electrical dyssynchrony: left bundle 
branch block (LBBB) is known as a cause of electrical 
dyssynchrony that is associated with greater benefit from 
CRT (Linde et al. 2018) and as LBBB is more prevalent 
in women, this might also explain differences in the 
effect of CRT between the sexes. 
 
Future tasks 
 

To improve diagnosis and treatment of 
cardiovascular diseases and adjust them to a concept of 
personalized medicine, it will be necessary to strengthen 
interactions between preclinical and clinical scientists in 
cardiophysiology and cardiology (Mendelsohn and Karas 
2005). Only such approach could improve our 
understanding of the biology of gender differences and of 
the perimenopause, and reconsider the paradigm of and 
singular focus on untailored postmenopausal hormonal 
replacement therapy that has dominated the past several 
decades. To accomplish these goals, greater focus on 
understanding the molecular and cellular physiology of 
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each of the sex steroid hormones and their receptors in 
the cardiovascular system will be required. Sex 
differences suggest that biomedical principles, learned 
from the study of males, may not apply equally to 
females. When studying cardiovascular diseases, the two 
genders must be directly compared, with the purpose of 

finding factors that cause sex differences and, therefore, 
prevent or alleviate disease in one sex more than the other 
(Arnold et al. 2017). 
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