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Heart failure (HF) affects 1–2% of the population in developed countries and ~50% of patients living with it are women. Compared to men, women are more likely to be older and suffer hypertension, valvular heart disease, and non-ischemic cardiomyopathy. Since the number of women included in prospective HF studies has been low, much information regarding HF in women has been inferred from clinical trials observations in men and data obtained from registries. Several relevant sex-related differences in HF patients have been described, including biological mechanisms, age, etiology, precipitating factors, comorbidities, left ventricular ejection fraction, treatment effects, and prognosis. Women have greater clinical severity of HF, with more symptoms and worse functional class. However, females with HF have better prognosis compared to males. This survival advantage is particularly impressive given that women are less likely to receive guideline-proven therapies for HF than men. The reasons for this better prognosis are unknown but prior pregnancies may play a role. In this review article we aim to describe sex-related differences in HF and how these differences might explain why women with HF can expect to survive longer than men.
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INTRODUCTION

Heart failure (HF) is an increasing global problem, with a current worldwide prevalence of more than 64 million cases, which means roughly 8.5 per 1,000 inhabitants (1). Although ~50% of patients with HF are women, sex-related differences within HF are poorly recognized, and understood. According to recent evidence, such differences may include biological mechanisms, epidemiology, pathogenesis, treatment response, quality of care, and prognosis.

The prevalence of HF increases with age, but this is particularly true in women, with a higher prevalence of HF in elderly women than in their male counterparts (2). While men more frequently suffer from HF as a consequence of ischemic heart disease (3–7), women with HF present with more frequent comorbidities such as hypertension, obesity and diabetes Besides, women with HF have higher left ventricular ejection fraction (LVEF) than men (8, 9). In fact, in acute decompensated HF, women tend to have preserved left ventricular systolic function almost twice as often as men (3, 10). HF management also has several sex-related differences, with women being less frequently studied for their underlying HF-etiology and their LVEF less often assessed than in men. In addition, women are less frequently treated with evidence-based drugs, even after adjustment for age, comorbidities, and LVEF (11, 12).

This review article focuses on the influence of sex in HF prognosis. Women are known to have a better prognosis than men in other cardiovascular conditions, including hypertension, aortic stenosis, and hypertrophic cardiomyopathy. Moreover, they typically adapt to those conditions with less chamber dilation, wall thinning, and better contractility than men (13). However, there are some exceptions where males do not fare worse than females such as Tako-tsubo syndrome or cardiac toxicity in alcoholic cardiomyopathy (14, 15).



BIOLOGICAL DIFFERENCES

It is widely known that male and female hearts and cardiovascular systems are different both at baseline and in response to insults (16). Women have smaller hearts, with lower end-diastolic pressures, and higher right ventricular ejection fraction, in spite of having similar LVEF (17). During exercise, women have greater increase in their end-diastolic volume as a compensation for their lower increase of LVEF compared to men. Over the years, women experience less deterioration in their contractile function (18).

When considering the causes for these differences, estrogens are obvious candidates. It has been demonstrated that cardiovascular risk increases when estrogen production ceases, being a strong argument in favor of their protective role. Moreover, the presence of estrogenic and androgenic receptors in cardiac tissue, which could influence the function of contractile proteins, has been proven. Furthermore, endogenous estrogens have been shown to be relatively protective from apoptosis and cell death in response to acute coronary ischemia, making women have greater myocardial salvage after successful reperfusion, smaller infarct sizes, less adverse cardiac remodeling, and higher preservation of left ventricular function (19–21).

Being an exclusive cause of female HF, peripartum cardiomyopathy is worth mentioning as an exception to favorable female hormonal influence. Several mechanisms such as myocarditis, autoimmune processes, and hemodynamic stress of pregnancy, all of them triggered by the hormonal context, have been studied as potential causes of this condition. As in other causes of HF in women, delayed diagnosis is not uncommon and is associated with more adverse outcomes. Worse prognosis is also related to the decrease of LVEF, the degree of left ventricular dilatation, obesity, and black race (22). Nevertheless, given its small prevalence, many questions remain about peripartum cardiomyopathy global prognosis compared to any other cause of HF (23).

Despite hormones playing a leading role, a single factor is unlikely to justify every difference found (24). This has led to the study of genetic predictors for cardiovascular disease, and for HF in particular, with no relevant findings to date For instance, women's Health Genome Study followed more than 19,000 women prospectively during a median of 12 years, showing no incremental capability to predict cardiovascular disease risk (25).

On the other hand, there is a tendency to think that the main cause of the prognostic benefit of women with HF is their higher frequency of diastolic HF. However, there is strong evidence against this thought. Although it is true that women have higher LVEF and therefore mid-range and systolic HF are less common in women than in men, several data have confirmed that women with HF have better survival than men irrespective of LVEF (5, 26). Female sex has also been proven to be an independent predictor of lower mortality in patients with HF with preserved ejection fraction (6). In addition, studies that included patients with systolic dysfunction showed that women live longer than men, even after adjustment for ischemic etiology and even when only patients with advanced systolic dysfuntion (LVEF < 20%) were considered (12, 27). In fact, LVEF seems to have less prognostic influence in women than in men (27, 28).

In absence of other clear causes, sex related differences in HF prognosis have been associated with three additional mechanisms (Figure 1):

- Differences in etiology, prevalence of comorbidities, triggers, predisposing or precipitating factors.

- Treatments received and treatments effects.

- Previous pregnancies.
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FIGURE 1. Determining factors of the differences in female heart failure syndrome.



Differences in Etiology and Comorbidities

The etiology of HF varies depending on sex, age, and race. Since many patients suffer from different conditions that might cause it, HF is often multifactorial. Ischemic heart disease, hypertension, valvular heart disease, and idiopathic dilated cardiomyopathy are the most frequent etiologies of HF, with different distribution according to sex (Table 1).


Table 1. Differences in heart failure etiologies.
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Hypertension

Hypertension is an important precursor of HF in general population. Global prevalence of hypertension is higher in women that in men, with this difference being more pronounced in the elderly (29). Multiple hypotheses try to explain this higher prevalence of hypertension in women, being the role of female sex hormones a known important contributing factor. While women are premenopausal, estrogens activate nitric oxide causing vasodilatation and reducing vascular stiffness (30). Moreover, ovarian hormones reduce plasma renin and angiotensin-converting enzyme activity (31). With the onset of menopause, the drop in estrogens levels is associated with an increased rigidity of the arterial wall due to collagen accumulation and elastin fragmentation, which leads to a two-fold greater risk of hypertension (29).

Regarding premenopausal women, oral contraceptive use could explain a certain trend to higher blood pressure, being associated with an increase in around 7–8 mmHg from baseline and almost double risk of hypertension compared with never-users (32, 33). Importantly, hypertensive women are more likely to develop left ventricular hypertrophy, diastolic dysfunction, and HF compared with men (3, 34). Levy and collaborators showed that the adjusted risk for HF development was about 2-fold in hypertensive men but 3-fold in hypertensive women compared to normotensive patients (35). Interestingly, they showed that hypertension could be causing 39% HF cases in men and 59% in women.



Ischemic Heart Disease

Ischemic heart disease is more common in men than in women (2). Even in the setting of acute coronary syndrome, women have less atherosclerotic burden and less plaque rupture than men (36, 37). Also in patients with chronic coronary artery disease, men have greater amount of coronary lesions, whereas women more frequently suffer from chest pain without obstructive coronary artery disease, which has been attributed to endothelial and microvascular dysfunction (38). Along with hypertension, ischemic heart disease is responsible for the largest proportion of the newly diagnosed cases of HF, being associated with a 52% of cases in the Framingham Heart Study (39). Importantly, ischemic heart disease is main cause of HF for men, whereas it plays a smaller role in the etiology of HF for women (3, 5, 40). However, large registries and clinical trials have shown that, in patients with coronary artery disease, women have higher risk of HF than men (41, 42). In the Pexelizumab in Conjunction With Angioplasty in Acute Myocardial Infarction (APEX-AMI) trial (42) female sex was an independent predictor of HF and cardiogenic shock. This difference in the risk of HF after a myocardial infarction persists not only throughout hospitalization but also during long-term follow-up (43). On the other hand, sex-bias has been identified in the diagnosis and treatment of ischemic heart disease. According to the Euro Heart Survey of Stable Angina (44, 45), women were less likely to undergo exercise electrocardiogram and coronary angiography than men. Women with ischemic heart disease were also less likely to be revascularized, and received antiplatelet treatment and statins less frequently, with a poorer control of cardiovascular risk factors including blood pressure and LDL-cholesterol. Interestingly, sex-related differences in HF prognosis are less marked in patients with ischemic etiology, and women survival benefit is lower in this context (7). Furthermore, men suffering from ischemic heart disease who bear an implantable cardioverter defibrillator suffered more ventricular arrhythmias and received more device therapies than women (46–48). This suggests that different degrees of susceptibility to arrhythmia triggering may explain differences in sudden cardiac death rates (49, 50).



Non-ischemic Dilated Cardiomyopathy

In recent years, there has been a broad advance in our knowledge of the genetic causes that justify the appearance of dilated cardiomyopathy, being most of the implicated genes autosomal dominant in transmission (51). Despite this common pattern, the hypothesis that sex may affect the penetrance of disease genes could explain why men have a slightly greater prevalence of dilated cardiomyopathy than women (52). Regarding prognosis, myocardial recovery is more common in women than in men, as is transplant-free survival (53). Several examples of female-protection have been described, as in the case of mutations in genes encoding for the sarcomere protein titin, found in ~25% of familial dilated cardiomyopathy cases, with male carriers suffering adverse events up to 10 years earlier than females (54). Whether these differences are caused by variances in factors such as penetrance, expressivity, modifier genes, or environmental factors, remain unknown (53).



Atrial Fibrillation

Women with atrial fibrillation (AF) have larger left atrial volume index and lower emptying fraction than men (55). While AF increases the risk of HF in women, this association has not been clearly established for men (56). In addition, in females AF is associated with greater risk for adverse clinical outcomes, particularly HF hospitalization (57).



Other Cardiomyopathies

See Table 2.


Table 2. Sex-related differences in heart failure etiology and its implication in prognosis.
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Differences in Treatment Administration and Response

Women have been historically underrepresented in HF clinical trials and, to a lesser amount, in registries. Moreover, many data come from post-hoc analyses and registries, with their inherent bias (26). This has limited our understanding of the efficacy of HF treatment in women (72). Moreover, it has been shown that women are less likely to receive guideline-proven HF therapies than men, and more frequently receive suboptimal doses (11, 40). However, adherence to HF treatments is higher in women than in men (73, 74).


Drugs to Treat HF With Reduced Ejection Fraction

Women with HF and reduced ejection fraction receive significantly less furosemide than men, both at admission and during hospitalizations (12, 75). Regarding angiotensin-converting enzyme (ACE) inhibitors, the benefit for women may not be as great as for men, with particular doubts concerning its value in women with still asymptomatic LV systolic dysfunction (76, 77). However, this is probably related with limited power due to the low representation of women in studies (78). Conversely, the effect of angiotensin receptor blockers (ARB) seems to be similar in both sexes (79). Sacubitril/valsartan has a similar tolerability in men and women with more frequent functional class improvement and greater reduction in the risk of HF hospitalization in women than in men (80, 81). The data regarding hydralazine and isosorbide dinitrate in females are extremely scarce, being particularly surprising given that this combination is frequently used to treat HF during pregnancy, when ACE inhibitors and ARBs are contraindicated. Besides, spironolactone and eplerenone improve survival in symptomatic systolic HF in men and women (82–84) (Figure 2).
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FIGURE 2. Possible sex-related differences in the benefit of heart failure drugs. Thumb up means data that suggest higher benefit in women than in men. Thumb down means the opposite.


On the other hand, betablockers improve outcomes in women, even though the main benefits in most studies were related to the reduction in hospitalizations (85–87). At any rate, meta-analyses data have confirmed that the effect of betablockers in mortality reduction is similar in both sexes (76). Less than 25% of patients in ivabradine trials were women. Despite the limited evidence, there is no reason to think that their main benefit, the reduction in hospital admissions, is different in men and women (88). In contrast, a previous study yielded worrying results regarding digoxin use in women due to its possible association with an increased risk of death. Digoxin use and dosage should, therefore, be very cautious in women (89). Finally, sodium glucose co-transporter 2 (SGLT2) inhibitors have demonstrated benefits in terms of cardiovascular mortality and especially in lowering the risk of HF hospitalization (90) and the benefit seems to be similar in women and men (91).



Devices

Women are less often considered eligible for implantable cardioverter defibrillator (ICD) implantation, and even after adjustment for potential confounders, women are 40% less likely to receive ICD therapy than men (92–94). This is not justified by a lower efficacy in this subgroup, since previous studies have shown similar ICD effectiveness in both sexes (48).

Regarding resynchronization therapy (CRT), women are, once again, significantly less likely to undergo CRT implant compared to men despite its demonstrated greater benefit (95). Among patients enrolled in the Multicenter Automatic Defibrillator Implantation Trial with Cardiac Resynchronization Therapy (MADIT-CRT) trial, women treated with CRT experienced greater reductions in the combined endpoint of HF or death and had more reverse cardiac remodeling (96). Similar findings were found in the Multicenter InSync Randomized Clinical Evaluation (MIRACLE) study, with woman having less occurrence of HF or death than men (97).



Ventricular Assist Devices

Left ventricular assist devices (LVAD) are mainly used in men, with only 21–33% being implanted in women (98). There was an initial concern that women had increased mortality and risk of bleeding or neurologic events compared with men (99, 100). However, recent evidence has shown no significant sex-related differences in terms of infections, bleeding, or device malfunction (26, 101, 102). Moreover, survival with LVAD has improved for both women and men with no differences in mortality (98, 103). The main persistent limitation is the female higher risk of neurologic events (101), even though some authors have blamed the differences in axial vs. centrifugal continuous flow and the dissimilarities in anticoagulation treatment as potential explanations for these differences. In fact, the latest models such as HeartMate 3 have no sex-related difference in stroke risk (104).



Heart Transplantation

Heart transplantation provides the best opportunity of quality and quantity of life for eligible patients with advanced HF (105). However, women are significantly less frequently transplanted, being approximately a quarter of total transplants (106). This has a multifactorial explanation, but age is likely an important factor since older age decreases eligibility for heart transplantation (98). Women also have a higher likelihood to be sensitized with antibodies, although few women are not referred to transplant for this reason (107). Among patients in heart transplant waitlist, women have worse prognosis, probably because only those with more severe forms reach that list, but also due to the lower rates of mechanical circulatory support despite similar INTERMACS status. That could also explain why this higher mortality risk only applies for women listed high priority, whereas those listed as low priority have similar or even better prognosis than men (108). Survival after heart transplantation is better in women with a median survival of 11.5 years as opposed to 10.5 years for men (105). Conversely, they admit worse quality of life and worse functional class, with more frequent depression not only early but also later after transplantation (109). Regarding long-term associated diseases, men recipients suffer significantly more frequent post-transplant malignancy (110), which is not only related to sex-specific cancers, as this risk remains after exclusion of prostate, breast and cervical cancer (111). On the other hand, although some previous evidences have suggested that women have higher risk of antibody-mediated rejection, which is supposed to subsequently increase their risk of cardiac allograft vasculopathy, in fact coronary vasculopathy is also less frequent in women, being an important difference to bear in mind during follow-up (112, 113).

Finally, it is worth mentioning that sex is an important fact when it comes to deciding the recipient for a particular donor, as some studies have highlighted the prognostic importance of donor/recipient sex-mismatch (114). Particularly, male recipients have been found to have a worse prognosis after a sex mismatch transplant, whereas women seem to do similarly when they receive a male allograft. Although some anatomical, physiological, and immunological facts have been suggested, the reasons for this interaction remain unknown (115).




Pregnancies

Women's bodies experience a non-pathological period of strong changes for the anatomy and physiology of the heart: pregnancy. This carries a huge increase in ventricular volumes, cardiac output and ventricular hypertrophy as well as a significant decrease in vascular resistance due to vasodilatation and the interposition of a low resistance circuit such as the placenta (116). This cardiovascular remodeling, as well as the ability to adapt volume overcharge, have been suggested to be a sort of training for the heart, which could represent a benefit in terms of preventing HF or improving its global prognosis if it occurs. Furthermore, persisting fetal male cells have been found in the hearts of women with previous pregnancies. This microchimerism has been hypothesized to be beneficial for the mother's heart, and even lead to a better tolerance to the graft in case of transplant (117). Although more studies are required to quantify the benefits of previous pregnancies in HF outcomes, a previous series including 756 females with HF found an association between the number of previous gestations and better 1-year survival (HR 0.878, 95% CI: 0.773–0.997, P = 0.045) (118)




DISCUSSION

As a result of all previous explained differences, HF syndrome seems to have several distinctive features in women. They have greater clinical severity of HF, evidenced by worse functional class and higher prevalence of symptoms and signs, with more frequent edemas, murmurs, rales, jugular venous distension and gallop (5, 53, 119). They also tend to have more comorbidities such as anemia, iron deficiency, renal disease and thyroid abnormalities, while frailty sex-differences have not been extensively analyzed in HF patients (120). As a consequence, women with HF have significantly lower global quality of life and higher ratings for anxiety and worse social activity (121, 122). Previous articles that have studied the differences in quality of life in HF defined social health as the sum of social function, social life satisfaction, and intimacy (120). Riedinger et al., using the Functional Status Questionnaire, found that women had worse general life satisfaction and social health than men (121). We could speculate that as women usually have more social activities than men, including visiting relatives and participating in community activities, when they reduce these activities due to HF-related symptoms they might have a worse social life satisfaction. Besides, they are also more likely to suffer from depression than men (123).

Whether this greater severity translates into differences in HF hospitalizations was classically controversial, but nowadays most studies agree that after adjustment for relevant covariates, women with HF are less prone to cardiovascular or all-causehospitalizations than men (5). Thereby, male sex is an independent risk factor for all-cause admissions after HF diagnosis (124). Particularly, recent evidences shows that women have a 13% lower adjusted risk of HF hospitalization, with this risk being also lower in women with low LVEF (38). However, once admitted for HF, women tend to have an increased length of stay, although this does not affect to in-hospital mortality, which is comparable among both sexes (125). A large multicenter registry confirmed that despite differences in baseline characteristics, women and men with both reduced and preserved LVEF have similar in-hospital mortality and risk factors predicting death (126).

Survival after the onset of HF has been improving in both sexes in recent decades (127). Regarding sex-differences in mortality, in the vast majority of trials and registries women with HF have better age-adjusted survival rate than men (5, 40, 118, 128). They have a lower risk of death irrespective of cause of HF and of comorbidities (7, 40). This benefit is more apparent when the etiology is unrelated to ischemia, as women with HF related to non-ischemic diseases have significantly better survival than men with or without coronary artery disease as their main cause of HF. (7, 129). Furthermore, LVEF has lower prognostic influence in women than in men (28, 130).

On the other hand, women with HF included in the CHARM (Candesartan in Heart Failure: Assessment of Reduction in Mortality and morbidity) program had lower adjusted risk not only of cardiovascular death but also of non-cardiovascular death. Particularly for the first group, that risk was lower for the two main cardiovascular types of death related to HF, pump failure and sudden death (38). Other studies have also shown that male sex is in fact one of the main predictors for sudden cardiac death (131). Notwithstanding, given that the reduction of mortality is comparable for both, it is not possible to clarify if the benefit is mainly due to electrical stability or the pump function itself. More studies regarding this sex differences in mortality and its causes are needed.



CONCLUSIONS

HF represents a major global health issue with important sex-related differences in several aspects that include epidemiology, natural history, clinical manifestations, effects of therapy, and prognosis. Women are underrepresented in clinical studies. Women peculiarities also include genetics, comorbidities, hormones, and pregnancy. Compared to men, women are more likely to be older and suffer hypertension, valvular heart disease, and non-ischemic cardiomyopathy. Women have greater clinical severity of HF, with more symptoms and worse functional class. However, females with HF have better prognosis compared to males. This survival advantage is particularly impressive given that women are less likely to receive guideline-proven therapies for HF than men.


Future Perspectives

Understanding the underlying sex-related differences within HF may improve the management of HF by presenting more targeted options for personalized medicine.




AUTHOR CONTRIBUTIONS

AP: conceptualization, writing—original draft, and writing—review & editing. MM-S: conceptualization, investigation, resources, writing—review & editing, supervision, and project administration. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Lippi G, Sanchis-Gomar F. Global epidemiology and future trends of heart failure. AME Med J. (2020) 5:15. doi: 10.21037/amj.2020.03.03

 2. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, et al. Heart disease and stroke statistics−2012 update: a report from the American heart association. Circulation. (2012) 125:e2–20. doi: 10.1161/CIR.0b013e3182456d46

 3. Galvao M, Kalman J, DeMarco T, Fonarow GC, Galvin C, Ghali JK, et al. Gender differences in in-hospital management and outcomes in patients with decompensated heart failure: analysis from the Acute Decompensated Heart Failure National Registry (ADHERE). J Card Fail. (2006) 12:100–7. doi: 10.1016/j.cardfail.2005.09.005

 4. Nieminen MS, Harjola VP, Hochadel M, Drexler H, Komajda M, Brutsaert D, et al. Gender related differences in patients presenting with acute heart failure. Results from EuroHeart Failure Survey II. Eur J heart fail. (2008) 10:140–8. doi: 10.1016/j.ejheart.2007.12.012

 5. Deswal A, Bozkurt B. Comparison of morbidity in women versus men with heart failure and preserved ejection fraction. Am J Cardiol. (2006) 97:1228–31. doi: 10.1016/j.amjcard.2005.11.042

 6. Dunlay SM, Roger VL. Gender differences in the pathophysiology, clinical presentation, and outcomes of ischemic heart failure. Curr Heart Fail Rep. (2012) 9:267–76. doi: 10.1007/s11897-012-0107-7

 7. Martinez-Selles M, Doughty RN, Poppe K, Whalley GA, Earle N, Tribouilloy C, et al. Gender and survival in patients with heart failure: interactions with diabetes and aetiology. Results from the MAGGIC individual patient meta-analysis. Eur J Heart Fail. (2012) 14:473–9. doi: 10.1093/eurjhf/hfs026

 8. Cleland JG, Swedberg K, Follath F, Komajda M, Cohen-Solal A, Aguilar JC, et al. The euroheart failure survey programme– a survey on the quality of care among patients with heart failure in europe. Part 1: patient characteristics and diagnosis. Eur Heart J. (2003) 24:442–63. doi: 10.1016/s0195-668x(02)00823-0

 9. Beale AL, Meyer P, Marwick TH, Lam CSP, Kaye DM. Sex differences in cardiovascular pathophysiology: why women are overrepresented in heart failure with preserved ejection fraction. Circulation. (2018) 138:198–205. doi: 10.1161/CIRCULATIONAHA.118.034271

 10. Martinez-Selles M, Garcia Robles JA, Prieto L, Frades E, Munoz R, Diaz Castro O, et al. Hospitalized congestive heart failure patients with preserved versus abnormal left ventricular systolic function. Rev Esp Cardiol. (2002) 55:579–86. doi: 10.1016/S0300-8932(02)76665-7

 11. Lenzen MJ, Rosengren A, Scholte op Reimer WJ, Follath F, Boersma E, Simoons ML, et al. Management of patients with heart failure in clinical practice: differences between men and women. Heart. (2008) 94:e10. doi: 10.1136/hrt.2006.099523

 12. Dewan P, Rorth R, Jhund PS, Shen L, Raparelli V, Petrie MC, et al. Differential impact of heart failure with reduced ejection fraction on men and women. J Am Coll Cardiol. (2019) 73:29–40. doi: 10.1016/j.jacc.2018.09.081

 13. Douglas PS, Katz SE, Weinberg EO, Chen MH, Bishop SP, Lorell BH. Hypertrophic remodeling: gender differences in the early response to left ventricular pressure overload. J Am Coll Cardiol. (1998) 32:1118–25. doi: 10.1016/S0735-1097(98)00347-7

 14. Faris RF, Henein MY, Coats AJ. Influence of gender and reported alcohol intake on mortality in nonischemic dilated cardiomyopathy. Heart Dis. (2003) 5:89–94. doi: 10.1097/01.HDX.0000061702.79961.47

 15. Perez-Castellanos A, Martinez-Selles M, Mejia-Renteria H, Andres M, Sionis A, Almendro-Delia M, et al. Tako-tsubo syndrome in men: rare, but with poor prognosis. Rev Esp Cardiol (Engl Ed). (2018) 71:703–8. doi: 10.1016/j.recesp.2017.07.033

 16. Eng J, McClelland RL, Gomes AS, Hundley WG, Cheng S, Wu CO, et al. Adverse left ventricular remodeling and age assessed with cardiac mr imaging: the multi-ethnic study of atherosclerosis. Radiology. (2016) 278:714–22. doi: 10.1148/radiol.2015150982 

 17. Martinez-Selles M, Perez-David E, Yotti R, Jimenez-Borreguero J, Loughlin G, Gallego L, et al. Gender differences in right ventricular function in patients with non-ischaemic cardiomyopathy. Neth Heart J. (2015) 23:578–84. doi: 10.1007/s12471-015-0753-y 

 18. Martinez-Selles M. What do women have in their hearts? Rev Esp Cardiol. (2007) 60:1118–21. doi: 10.1016/S1885-5857(08)60040-7 

 19. Patten RD, Pourati I, Aronovitz MJ, Baur J, Celestin F, Chen X, et al. 17beta-estradiol reduces cardiomyocyte apoptosis in vivo and in vitro via activation of phospho-inositide-3 kinase/Akt signaling. Circ Res. (2004) 95:692–9. doi: 10.1161/01.RES.0000144126.57786.89

 20. Guerra S, Leri A, Wang X, Finato N, Di Loreto C, Beltrami CA, et al. Myocyte death in the failing human heart is gender dependent. Circ Res. (1999) 85:856–66. doi: 10.1161/01.RES.85.9.856

 21. Mehilli J, Ndrepepa G, Kastrati A, Nekolla SG, Markwardt C, Bollwein H, et al. Gender and myocardial salvage after reperfusion treatment in acute myocardial infarction. J Am Coll Cardiol. (2005) 45:828–31. doi: 10.1016/j.jacc.2004.11.054

 22. Brar SS, Khan SS, Sandhu GK, Jorgensen MB, Parikh N, Hsu JW, et al. Incidence, mortality, and racial differences in peripartum cardiomyopathy. Am J Cardiol. (2007) 100:302–4. doi: 10.1016/j.amjcard.2007.02.092

 23. Davis MB, Arany Z, McNamara DM, Goland S, Elkayam U. Peripartum cardiomyopathy: JACC state-of-the-art review. J Am Coll Cardiol. (2020) 75:207–21. doi: 10.1016/j.jacc.2019.11.014

 24. Konhilas JP, Leinwand LA. The effects of biological sex and diet on the development of heart failure. Circulation. (2007) 116:2747–59. doi: 10.1161/CIRCULATIONAHA.106.672006

 25. Paynter NP, Chasman DI, Pare G, Buring JE, Cook NR, Miletich JP, et al. Association between a literature-based genetic risk score and cardiovascular events in women. JAMA. (2010) 303:631–7. doi: 10.1001/jama.2010.119

 26. Hsich EM, Pina IL. Heart failure in women: a need for prospective data. J Am Coll Cardiol. (2009) 54:491–8. doi: 10.1016/j.jacc.2009.02.066

 27. Martinez-Selles M, Dominguez M, Martinez E, Garcia Fernandez MA, Garcia E. Women with left ventricular ejection fraction < or = 20% have better prognosis than men. Int J Cardiol. (2007) 120:276–8. doi: 10.1016/j.ijcard.2006.07.195

 28. Martinez-Selles M, Garcia Robles JA, Prieto L, Dominguez Munoa M, Frades E, Diaz-Castro O, et al. Systolic dysfunction is a predictor of long term mortality in men but not in women with heart failure. Eur Heart J. (2003) 24:2046–53. doi: 10.1016/j.ehj.2003.07.007

 29. Samad Z, Wang TY, Frazier CG, Shah SH, Dolor RJ, Newby LK. Closing the gap: treating hypertension in women. Cardiol Rev. (2008) 16:305–13. doi: 10.1097/CRD.0b013e31817f9350

 30. Oparil S, Miller AP. Gender and blood pressure. J Clin Hypertens. (2005) 7:300–9. doi: 10.1111/j.1524-6175.2005.04087.x

 31. Reckelhoff JF. Gender differences in the regulation of blood pressure. Hypertension. (2001) 37:1199–208. doi: 10.1161/01.HYP.37.5.1199

 32. Shufelt CL, Bairey Merz CN. Contraceptive hormone use and cardiovascular disease. J Am Coll Cardiol. (2009) 53:221–31. doi: 10.1016/j.jacc.2008.09.042

 33. Chasan-Taber L, Willett WC, Manson JE, Spiegelman D, Hunter DJ, Curhan G, et al. Prospective study of oral contraceptives and hypertension among women in the united states. Circulation. (1996) 94:483–9. doi: 10.1161/01.CIR.94.3.483

 34. Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D'Agostino RB, Kannel WB, et al. Lifetime risk for developing congestive heart failure: the framingham heart study. Circulation. (2002) 106:3068–72. doi: 10.1161/01.CIR.0000039105.49749.6F

 35. Levy D, Larson MG, Vasan RS, Kannel WB, Ho KK. The progression from hypertension to congestive heart failure. JAMA. (1996) 275:1557–62. doi: 10.1001/jama.275.20.1557

 36. Berger JS, Elliott L, Gallup D, Roe M, Granger CB, Armstrong PW, et al. Sex differences in mortality following acute coronary syndromes. JAMA. (2009) 302:874–82. doi: 10.1001/jama.2009.1227

 37. Lansky AJ, Ng VG, Maehara A, Weisz G, Lerman A, Mintz GS, et al. Gender and the extent of coronary atherosclerosis, plaque composition, and clinical outcomes in acute coronary syndromes. JACC Cardiovasc Imaging. (2012) 5:S62–72. doi: 10.1016/j.jcmg.2012.02.003

 38. Han SH, Bae JH, Holmes DR Jr, Lennon RJ, Eeckhout E, et al. Sex differences in atheroma burden and endothelial function in patients with early coronary atherosclerosis. Eur Heart J. (2008) 29:1359–69. doi: 10.1093/eurheartj/ehn142

 39. Lee DS, Gona P, Vasan RS, Larson MG, Benjamin EJ, Wang TJ, et al. Relation of disease pathogenesis and risk factors to heart failure with preserved or reduced ejection fraction: insights from the framingham heart study of the national heart, lung, and blood institute. Circulation. (2009) 119:3070–7. doi: 10.1161/CIRCULATIONAHA.108.815944

 40. O'Meara E, Clayton T, McEntegart MB, McMurray JJ, Pina IL, Granger CB, et al. Sex differences in clinical characteristics and prognosis in a broad spectrum of patients with heart failure: results of the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) program. Circulation. (2007) 115:3111–20. doi: 10.1161/CIRCULATIONAHA.106.673442

 41. Spencer FA, Meyer TE, Gore JM, Goldberg RJ. Heterogeneity in the management and outcomes of patients with acute myocardial infarction complicated by heart failure: the national registry of myocardial infarction. Circulation. (2002) 105:2605–10. doi: 10.1161/01.CIR.0000017861.00991.2F

 42. French JK, Armstrong PW, Cohen E, Kleiman NS, O'Connor CM, Hellkamp AS, et al. Cardiogenic shock and heart failure post-percutaneous coronary intervention in ST-elevation myocardial infarction: observations from “Assessment of pexelizumab in acute myocardial infarction”. Am Heart J. (2011) 162:89–97. doi: 10.1016/j.ahj.2011.04.009

 43. Lewis EF, Velazquez EJ, Solomon SD, Hellkamp AS, McMurray JJ, Mathias J, et al. Predictors of the first heart failure hospitalization in patients who are stable survivors of myocardial infarction complicated by pulmonary congestion and/or left ventricular dysfunction: a VALIANT study. Eur Heart J. (2008) 29:748–56. doi: 10.1093/eurheartj/ehn062

 44. Daly C, Clemens F, Lopez Sendon JL, Tavazzi L, Boersma E, Danchin N, et al. Gender differences in the management and clinical outcome of stable angina. Circulation. (2006) 113:490–8. doi: 10.1161/CIRCULATIONAHA.105.561647

 45. Madika AL, Lemesle G, Lamblin N, Meurice T, Tricot O, Mounier-Vehier C, et al. Gender differences in clinical characteristics, medical management, risk factor control, and long-term outcome of patients with stable coronary artery disease: from the coronor registry. Panminerva Med. (2019) 61:432–8. doi: 10.23736/S0031-0808.18.03525-5

 46. Lampert R, McPherson CA, Clancy JF, Caulin-Glaser TL, Rosenfeld LE, Batsford WP. Gender differences in ventricular arrhythmia recurrence in patients with coronary artery disease and implantable cardioverter-defibrillators. J Am Coll Cardiol. (2004) 43:2293–9. doi: 10.1016/j.jacc.2004.03.031

 47. MacFadden DR, Crystal E, Krahn AD, Mangat I, Healey JS, Dorian P, et al. Sex differences in implantable cardioverter-defibrillator outcomes: findings from a prospective defibrillator database. Ann Intern Med. (2012) 156:195–203. doi: 10.7326/0003-4819-156-3-201202070-00007

 48. Zareba W, Moss AJ, Jackson Hall W, Wilber DJ, Ruskin JN, McNitt S, et al. Clinical course and implantable cardioverter defibrillator therapy in postinfarction women with severe left ventricular dysfunction. J Cardiovasc Electrophysiol. (2005) 16:1265–70. doi: 10.1111/j.1540-8167.2005.00224.x

 49. Solomon SD, Zelenkofske S, McMurray JJ, Finn PV, Velazquez E, Ertl G, et al. Sudden death in patients with myocardial infarction and left ventricular dysfunction, heart failure, or both. N Engl J Med. (2005) 352:2581–8. doi: 10.1056/NEJMoa043938

 50. Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden cardiac death in the united states, 1989 to 1998. Circulation. (2001) 104:2158–63. doi: 10.1161/hc4301.098254

 51. Weintraub RG, Semsarian C, Macdonald P. Dilated cardiomyopathy. Lancet. (2017) 390:400–14. doi: 10.1016/S0140-6736(16)31713-5

 52. Pelliccia F, Limongelli G, Autore C, Gimeno-Blanes JR, Basso C, Elliott P. Sex-related differences in cardiomyopathies. Int J Cardiol. (2019) 286:239–43. doi: 10.1016/j.ijcard.2018.10.091

 53. Fairweather D, Cooper LT Jr, Blauwet LA. Sex and gender differences in myocarditis and dilated cardiomyopathy. Curr Probl Cardiol. (2013) 38:7–46. doi: 10.1016/j.cpcardiol.2012.07.003

 54. Herman DS, Lam L, Taylor MR, Wang L, Teekakirikul P, Christodoulou D, et al. Truncations of titin causing dilated cardiomyopathy. N Engl J Med. (2012) 366:619–28. doi: 10.1056/NEJMoa1110186

 55. Yoshida K, Obokata M, Kurosawa K, Sorimachi H, Kurabayashi M, Negishi K. Effect of sex differences on the association between stroke risk and left atrial anatomy or mechanics in patients with atrial fibrillation. Circ Cardiovasc Imaging. (2016) 9:e004999. doi: 10.1161/CIRCIMAGING.116.004999

 56. Meyer S, Brouwers FP, Voors AA, Hillege HL, de Boer RA, Gansevoort RT, et al. Sex differences in new-onset heart failure. Clin Res Cardiol. (2015) 104:342–50. doi: 10.1007/s00392-014-0788-x

 57. O'Neal WT, Sandesara P, Hammadah M, Venkatesh S, Samman-Tahhan A, Kelli HM, et al. Gender differences in the risk of adverse outcomes in patients with atrial fibrillation and heart failure with preserved ejection fraction. Am J Cardiol. (2017) 119:1785–90. doi: 10.1016/j.amjcard.2017.02.045

 58. Vassileva CM, Stelle LM, Markwell S, Boley T, Hazelrigg S. Sex differences in procedure selection and outcomes of patients undergoing mitral valve surgery. Heart Surg Forum. (2011) 14:E276–82. doi: 10.1532/HSF98.20111030

 59. Estevez-Loureiro R, Settergren M, Winter R, Jacobsen P, Dall'Ara G, Sondergaard L, et al. Effect of gender on results of percutaneous edge-to-edge mitral valve repair with MitraClip system. Am J Cardiol. (2015) 116:275–9. doi: 10.1016/j.amjcard.2015.04.019

 60. Mantovani F, Clavel MA, Michelena HI, Suri RM, Schaff HV, Enriquez-Sarano M. Comprehensive imaging in women with organic mitral regurgitation: implications for clinical outcome. JACC Cardiovasc Imaging. (2016) 9:388–96. doi: 10.1016/j.jcmg.2016.02.017

 61. Williams M, Kodali SK, Hahn RT, Humphries KH, Nkomo VT, Cohen DJ, et al. Sex-related differences in outcomes after transcatheter or surgical aortic valve replacement in patients with severe aortic stenosis: insights from the partner trial (placement of aortic transcatheter valve). J Am Coll Cardiol. (2014) 63:1522–8. doi: 10.1016/j.jacc.2014.01.036

 62. Hartzell M, Malhotra R, Yared K, Rosenfield HR, Walker JD, Wood MJ. Effect of gender on treatment and outcomes in severe aortic stenosis. Am J Cardiol. (2011) 107:1681–6. doi: 10.1016/j.amjcard.2011.01.059

 63. Fuchs C, Mascherbauer J, Rosenhek R, Pernicka E, Klaar U, Scholten C, et al. Gender differences in clinical presentation and surgical outcome of aortic stenosis. Heart. (2010) 96:539–45. doi: 10.1136/hrt.2009.186650

 64. Chandrasekhar J, Dangas G, Yu J, Vemulapalli S, Suchindran S, Vora AN, et al. Sex-based differences in outcomes with transcatheter aortic valve therapy: tvt registry from 2011 to (2014). J Am Coll Cardiol. (2016) 68:2733–44. doi: 10.1016/j.jacc.2016.10.041

 65. Arsalan M, Walther T, Smith RL II, Grayburn PA. Tricuspid regurgitation diagnosis and treatment. Eur Heart J. (2017) 38:634–8. doi: 10.1093/eurheartj/ehv487

 66. Crousillat DR, Wood MJ. Valvular heart disease and heart failure in women. Heart Fail Clin. (2019) 15:77–85. doi: 10.1016/j.hfc.2018.08.008

 67. Geske JB, Ong KC, Siontis KC, Hebl VB, Ackerman MJ, Hodge DO, et al. Women with hypertrophic cardiomyopathy have worse survival. Eur Heart J. (2017) 38:3434–40. doi: 10.1093/eurheartj/ehx527

 68. Olivotto I, Maron MS, Adabag AS, Casey SA, Vargiu D, Link MS, et al. Gender-related differences in the clinical presentation and outcome of hypertrophic cardiomyopathy. J Am Coll Cardiol. (2005) 46:480–7. doi: 10.1016/j.jacc.2005.04.043

 69. Lin CY, Chung FP, Lin YJ, Chang SL, Lo LW, Hu YF, et al. Gender differences in patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy: clinical manifestations, electrophysiological properties, substrate characteristics, and prognosis of radiofrequency catheter ablation. Int J Cardiol. (2017) 227:930–7. doi: 10.1016/j.ijcard.2016.11.055

 70. Bhonsale A, James CA, Tichnell C, Murray B, Madhavan S, Philips B, et al. Risk stratification in arrhythmogenic right ventricular dysplasia/cardiomyopathy-associated desmosomal mutation carriers. Circ Arrhythm Electrophysiol. (2013) 6:569–78. doi: 10.1161/CIRCEP.113.000233

 71. Muchtar E, Blauwet LA, Gertz MA. Restrictive cardiomyopathy: genetics, pathogenesis, clinical manifestations, diagnosis, and therapy. Circ Res. (2017) 121:819–37. doi: 10.1161/CIRCRESAHA.117.310982 

 72. Rosano GM, Lewis B, Agewall S, Wassmann S, Vitale C, Schmidt H, et al. Gender differences in the effect of cardiovascular drugs: a position document of the working group on pharmacology and drug therapy of the ESC. Eur Heart J. (2015) 36:2677–80. doi: 10.1093/eurheartj/ehv161

 73. Kayibanda JF, Girouard C, Gregoire JP, Demers E, Moisan J. Adherence to the evidence-based heart failure drug treatment: are there sex-specific differences among new users? Res Social Adm Pharm. (2018) 14:915–20. doi: 10.1016/j.sapharm.2017.10.010

 74. Bagchi AD, Esposito D, Kim M, Verdier J, Bencio D. Utilization of, and adherence to, drug therapy among medicaid beneficiaries with congestive heart failure. Clin Ther. (2007) 29:1771–83. doi: 10.1016/j.clinthera.2007.08.015

 75. Rasmussen TP, Williford NN, DeZorzi C, Hammoud A, Boyle BJ, Zhou Y, et al. Women hospitalized for acute on chronic decompensated systolic heart failure receive less furosemide compared to men. Cardiol Res Pract. (2019) 2019:1505142. doi: 10.1155/2019/1505142

 76. Shekelle PG, Rich MW, Morton SC, Atkinson CS, Tu W, Maglione M, et al. Efficacy of angiotensin-converting enzyme inhibitors and beta-blockers in the management of left ventricular systolic dysfunction according to race, gender, and diabetic status: a meta-analysis of major clinical trials. J Am Coll Cardiol. (2003) 41:1529–38. doi: 10.1016/S0735-1097(03)00262-6

 77. Garg R, Yusuf S. Overview of randomized trials of angiotensin-converting enzyme inhibitors on mortality and morbidity in patients with heart failure. Collaborative group on ACE inhibitor trials. JAMA. (1995) 273:1450–6. doi: 10.1001/jama.273.18.1450

 78. Cohn JN, Tognoni G, Valsartan Heart Failure Trial I. A randomized trial of the angiotensin-receptor blocker valsartan in chronic heart failure. N Engl J Med. (2001) 345:1667–75. doi: 10.1056/NEJMoa010713

 79. Young JB, Dunlap ME, Pfeffer MA, Probstfield JL, Cohen-Solal A, Dietz R, et al. Mortality and morbidity reduction with Candesartan in patients with chronic heart failure and left ventricular systolic dysfunction: results of the CHARM low-left ventricular ejection fraction trials. Circulation. (2004) 110:2618–26. doi: 10.1161/01.CIR.0000146819.43235.A9

 80. Vicent L, Ayesta A, Esteban-Fernandez A, Gomez-Bueno M, De-Juan J, Diez-Villanueva P, et al. Sex influence on the efficacy and safety of sacubitril/valsartan. Cardiology. (2019) 142:73–8. doi: 10.1159/000498984

 81. McMurray JJV Jackson AM Lam CSP Redfield MM Anand IS Ge J . Effects of sacubitril-valsartan versus valsartan in women compared with men with heart failure and preserved ejection fraction: insights from PARAGON-HF. Circulation. (2020) 141:338–51. doi: 10.1161/CIRCULATIONAHA.119.044491

 82. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al. Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction. N Engl J Med. (2003) 348:1309–21. doi: 10.1056/NEJMoa030207

 83. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The effect of spironolactone on morbidity and mortality in patients with severe heart failure. Randomized aldactone evaluation study investigators. N Engl J Med. (1999) 341:709–17. doi: 10.1056/NEJM199909023411001

 84. Merrill M, Sweitzer NK, Lindenfeld J, Kao DP. Sex differences in outcomes and responses to spironolactone in heart failure with preserved ejection fraction: a secondary analysis of TOPCAT trial. JACC Heart Fail. (2019) 7:228–38. doi: 10.1016/j.jchf.2019.01.003

 85. Ghali JK, Pina IL, Gottlieb SS, Deedwania PC, Wikstrand JC, Group M-HS. Metoprolol CR/XL in female patients with heart failure: analysis of the experience in Metoprolol Extended-Release Randomized Intervention Trial in Heart Failure (MERIT-HF). Circulation. (2002) 105:1585–91. doi: 10.1161/01.CIR.0000012546.20194.33

 86. Simon T, Mary-Krause M, Funck-Brentano C, Jaillon P. Sex differences in the prognosis of congestive heart failure: results from the Cardiac Insufficiency Bisoprolol Study (CIBIS II). Circulation. (2001) 103:375–80. doi: 10.1161/01.CIR.103.3.375

 87. Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM, et al. The effect of carvedilol on morbidity and mortality in patients with chronic heart failure. U.S. carvedilol heart failure study group. N Engl J Med. (1996) 334:1349–55. doi: 10.1056/NEJM199605233342101

 88. Swedberg K, Komajda M, Bohm M, Borer JS, Ford I, Dubost-Brama A, et al. Ivabradine and outcomes in chronic heart failure (SHIFT): a randomised placebo-controlled study. Lancet. (2010) 376:875–85. doi: 10.1016/S0140-6736(10)61198-1

 89. Rathore SS, Wang Y, Krumholz HM. Sex-based differences in the effect of digoxin for the treatment of heart failure. N Engl J Med. (2002) 347:1403–11. doi: 10.1056/NEJMoa021266

 90. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, et al. (2019). ESC Guidelines on diabetes, pre-diabetes, cardiovascular diseases developed in collaboration with the EASD. Eur heart J. (2020) 41:255–323. doi: 10.1093/eurheartj/ehz486

 91. Zinman B, Inzucchi SE, Wanner C, Hehnke U, George JT, Johansen OE, et al. Empagliflozin in women with type 2 diabetes and cardiovascular disease - an analysis of EMPA-REG OUTCOME(R). Diabetologia. (2018) 61:1522–7. doi: 10.1007/s00125-018-4630-2

 92. Hernandez AF, Fonarow GC, Liang L, Al-Khatib SM, Curtis LH, LaBresh KA, et al. Sex and racial differences in the use of implantable cardioverter-defibrillators among patients hospitalized with heart failure. JAMA. (2007) 298:1525–32. doi: 10.1001/jama.298.13.1525

 93. Gauri AJ, Davis A, Hong T, Burke MC, Knight BP. Disparities in the use of primary prevention and defibrillator therapy among blacks and women. Am J Med. (2006) 119:167 e17–21. doi: 10.1016/j.amjmed.2005.08.021

 94. Curtis LH, Al-Khatib SM, Shea AM, Hammill BG, Hernandez AF, Schulman KA. Sex differences in the use of implantable cardioverter-defibrillators for primary and secondary prevention of sudden cardiac death. JAMA. (2007) 298:1517–24. doi: 10.1001/jama.298.13.1517

 95. Chatterjee NA, Borgquist R, Chang Y, Lewey J, Jackson VA, Singh JP, et al. Increasing sex differences in the use of cardiac resynchronization therapy with or without implantable cardioverter-defibrillator. Eur Heart J. (2017) 38:1485–94. doi: 10.1093/eurheartj/ehw598

 96. Arshad A, Moss AJ, Foster E, Padeletti L, Barsheshet A, Goldenberg I, et al. Cardiac resynchronization therapy is more effective in women than in men: the MADIT-CRT (Multicenter automatic defibrillator implantation trial with cardiac resynchronization therapy) trial. J Am Coll Cardiol. (2011) 57:813–20. doi: 10.1016/j.jacc.2010.06.061

 97. Woo GW, Petersen-Stejskal S, Johnson JW, Conti JB, Aranda JA Jr, et al. Ventricular reverse remodeling and 6-month outcomes in patients receiving cardiac resynchronization therapy: analysis of the miracle study. J Interv Card Electrophysiol. (2005) 12:107–13. doi: 10.1007/s10840-005-6545-3

 98. Hsich EM. Sex differences in advanced heart failure therapies. Circulation. (2019) 139:1080–93. doi: 10.1161/CIRCULATIONAHA.118.037369

 99. Hernandez AF, Grab JD, Gammie JS, O'Brien SM, Hammill BG, Rogers JG, et al. A decade of short-term outcomes in post cardiac surgery ventricular assist device implantation: data from the society of thoracic surgeons' national cardiac database. Circulation. (2007) 116:606–12. doi: 10.1161/CIRCULATIONAHA.106.666289

 100. McIlvennan CK, Lindenfeld J, Kao DP. Sex differences and in-hospital outcomes in patients undergoing mechanical circulatory support implantation. J Heart Lung Transplant. (2017) 36:82–90. doi: 10.1016/j.healun.2016.08.013

 101. Hsich EM, Naftel DC, Myers SL, Gorodeski EZ, Grady KL, Schmuhl D, et al. Should women receive left ventricular assist device support?: findings from intermacs. Circ Heart Fail. (2012) 5:234–40. doi: 10.1161/CIRCHEARTFAILURE.111.963272

 102. Tsiouris A, Morgan JA, Nemeh HW, Hodari A, Brewer RJ, Paone G. Sex-specific outcomes in patients receiving continuous-flow left ventricular devices as a bridge to transplantation or destination therapy. ASAIO J. (2014) 60:199–206. doi: 10.1097/MAT.0000000000000048

 103. Bogaev RC, Pamboukian SV, Moore SA, Chen L, John R, Boyle AJ, et al. Comparison of outcomes in women versus men using a continuous-flow left ventricular assist device as a bridge to transplantation. J Heart Lung Transplant. (2011) 30:515–22. doi: 10.1016/j.healun.2010.12.009

 104. Goldstein DJ, Mehra MR, Naka Y, Salerno C, Uriel N, Dean D, et al. Impact of age, sex, therapeutic intent, race and severity of advanced heart failure on short-term principal outcomes in the momentum 3 trial. J Heart Lung Transplant. (2018) 37:7–14. doi: 10.1016/j.healun.2017.11.001

 105. Hasan A, Kittleson MM. Heart transplantation in women. Heart Fail Clin. (2019) 15:127–35. doi: 10.1016/j.hfc.2018.08.012

 106. Lund LH, Khush KK, Cherikh WS, Goldfarb S, Kucheryavaya AY, Levvey BJ, et al. The registry of the international society for heart and lung transplantation: thirty-fourth adult heart transplantation report-2017; focus theme: allograft ischemic time. J Heart Lung Transplant. (2017) 36:1037–46. doi: 10.1016/j.healun.2017.07.019

 107. Alba AC, Tinckam K, Foroutan F, Nelson LM, Gustafsson F, Sander K, et al. Factors associated with anti-human leukocyte antigen antibodies in patients supported with continuous-flow devices and effect on probability of transplant and post-transplant outcomes. J Heart Lung Transplant. (2015) 34:685–92. doi: 10.1016/j.healun.2014.11.024

 108. Hsich EM, Blackstone EH, Thuita L, McNamara DM, Rogers JG, Ishwaran H, et al. Sex differences in mortality based on united network for organ sharing status while awaiting heart transplantation. Circ Heart Fail. (2017) 10e003635. doi: 10.1161/CIRCHEARTFAILURE.116.003635

 109. Jalowiec A, Grady KL, White-Williams C. Gender and age differences in symptom distress and functional disability one year after heart transplant surgery. Heart Lung. (2011) 40:21–30. doi: 10.1016/j.hrtlng.2010.02.004

 110. Crespo-Leiro MG, Alonso-Pulpon L, Vazquez de Prada JA, Almenar L, Arizon JM, Brossa V, et al. Malignancy after heart transplantation: incidence, prognosis and risk factors. Am J Transplant. (2008) 8:1031–9. doi: 10.1111/j.1600-6143.2008.02196.x

 111. Van Keer J, Droogne W, Van Cleemput J, Voros G, Rega F, Meyns B, et al. Cancer after heart transplantation: a 25-year single-center perspective. Transplant Proc. (2016) 48:2172–7. doi: 10.1016/j.transproceed.2016.03.037

 112. Chih S, Chong AY, Mielniczuk LM, Bhatt DL, Beanlands RS. Allograft vasculopathy: the achilles' heel of heart transplantation. J Am Coll Cardiol. (2016) 68:80–91. doi: 10.1016/j.jacc.2016.04.033

 113. Grupper A, Nestorovic EM, Daly RC, Milic NM, Joyce LD, Stulak JM, et al. sex related differences in the risk of antibody-mediated rejection and subsequent allograft vasculopathy post-heart transplantation: a single-center experience. Transplant Direct. (2016) 2:e106. doi: 10.1097/TXD.0000000000000616

 114. Martinez-Selles M, Almenar L, Paniagua-Martin MJ, Segovia J, Delgado JF, Arizon JM, et al. Donor/recipient sex mismatch and survival after heart transplantation: only an issue in male recipients? An analysis of the Spanish heart transplantation registry. Transpl Int. (2015) 28:305–13. doi: 10.1111/tri.12488

 115. Ayesta A, Urrutia G, Madrid E, Vernooij RWM, Vicent L, Martinez-Selles M. Sex-mismatch influence on survival after heart transplantation: a systematic review and meta-analysis of observational studies. Clin Transplant. (2019) 33:e13737. doi: 10.1111/ctr.13737

 116. Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors influencing changes in cardiac output during human pregnancy. Am J Physiol. (1989) 256:H1060–5. doi: 10.1152/ajpheart.1989.256.4.H1060

 117. Bayes-Genis A, Bellosillo B, de la Calle O, Salido M, Roura S, Ristol FS, et al. Identification of male cardiomyocytes of extracardiac origin in the hearts of women with male progeny: male fetal cell microchimerism of the heart. J Heart Lung Transplant. (2005) 24:2179–83. doi: 10.1016/j.healun.2005.06.003

 118. Martinez-Selles M, Diez-Villanueva P, Alvarez Garcia J, Ferrero-Gregori A, Vives-Borras M, Worner F, et al. Influence of sex and pregnancy on survival in patients admitted with heart failure: data from a prospective multicenter registry. Clin Cardiol. (2018) 41:924–30. doi: 10.1002/clc.22979

 119. Eisenberg E, Di Palo KE, Pina IL. Sex differences in heart failure. Clin Cardiol. (2018) 41:211–6. doi: 10.1002/clc.22917

 120. Savarese G, D'Amario D. Sex differences in heart failure. Adv Exp Med Biol. (2018) 1065:529–44. doi: 10.1007/978-3-319-77932-4_32

 121. Riedinger MS, Dracup KA, Brecht ML, Dysfunction SISoLV. Quality of life in women with heart failure, normative groups, and patients with other chronic conditions. Am J Crit Care. (2002) 11:211–9. doi: 10.4037/ajcc2002.11.3.211

 122. Riedinger MS, Dracup KA, Brecht ML, Padilla G, Sarna L, Ganz PA. Quality of life in patients with heart failure: do gender differences exist? Heart Lung. (2001) 30:105–16. doi: 10.1067/mhl.2001.114140 

 123. Gottlieb SS, Khatta M, Friedmann E, Einbinder L, Katzen S, Baker B, et al. The influence of age, gender, and race on the prevalence of depression in heart failure patients. J Am Coll Cardiol. (2004) 43:1542–9. doi: 10.1016/j.jacc.2003.10.064

 124. Dunlay SM, Redfield MM, Weston SA, Therneau TM, Hall Long K, Shah ND, et al. Hospitalizations after heart failure diagnosis a community perspective. J Am Coll Cardiol. (2009) 54:1695–702. doi: 10.1016/j.jacc.2009.08.019

 125. Klein L, Grau-Sepulveda MV, Bonow RO, Hernandez AF, Williams MV, Bhatt DL, et al. Quality of care and outcomes in women hospitalized for heart failure. Circ Heart Fail. (2011) 4:589–98. doi: 10.1161/CIRCHEARTFAILURE.110.960484

 126. Hsich EM, Grau-Sepulveda MV, Hernandez AF, Peterson ED, Schwamm LH, Bhatt DL, et al. Sex differences in in-hospital mortality in acute decompensated heart failure with reduced and preserved ejection fraction. Am Heart J. (2012) 163:430-7, 437.e1–3. doi: 10.1016/j.ahj.2011.12.013

 127. Levy D, Kenchaiah S, Larson MG, Benjamin EJ, Kupka MJ, Ho KK, et al. Long-term trends in the incidence of and survival with heart failure. N Engl J Med. (2002) 347:1397–402. doi: 10.1056/NEJMoa020265

 128. Group EUCCS, Regitz-Zagrosek V, Oertelt-Prigione S, Prescott E, Franconi F, Gerdts E, et al. Gender in cardiovascular diseases: impact on clinical manifestations, management, and outcomes. Eur Heart J. (2016) 37:24–34. doi: 10.1093/eurheartj/ehv598

 129. Adams KF Jr, Dunlap SH, Sueta CA, Clarke SW, Patterson JH, et al. Relation between gender, etiology and survival in patients with symptomatic heart failure. J Am Coll Cardiol. (1996) 28:1781–8. doi: 10.1016/S0735-1097(96)00380-4

 130. Alla F, Al-Hindi AY, Lee CR, Schwartz TA, Patterson JH, Adams KF Jr. Relation of sex to morbidity and mortality in patients with heart failure and reduced or preserved left ventricular ejection fraction. Am Heart J. (2007) 153:1074–80. doi: 10.1016/j.ahj.2007.03.016

 131. Ayesta A, Martinez-Selles H, Bayes de Luna A, Martinez-Selles M. Prediction of sudden death in elderly patients with heart failure. J Geriatr Cardiol. (2018) 15:185–92. doi: 10.11909/j.issn.1671-5411.2018.02.008

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Postigo and Martínez-Sellés. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-07-616273-t001.jpg
Male Female

Ischemic heart disease Hypertension
Dilated cardiomyopathy Valvular heart disease
Hypertrophic cardiomyopathy Atral firilation

Arthythmogenic cardiomyopathy





OPS/images/fcvm-07-616273-t002.jpg
Other causes
Valvular heart Mitral regurgtation
disease
Aortic stenosis
Tricuspid regurgtation
Other Hypertrophic
cardiomyopathies cardiomyopathy
Arthythmogenic
cardiomyopathy
Restrictive
cardiomyopathy

TAVR, transcatheter aortic valve replacement.

Males

Equal prevalence

Equal prevalence and similar
prognostic implications for both
sexes.

More frequently referted for surgery.

Higher prevalence (2:1 predominance
in males). More hypertrophy and
fibrosis. More ventricular arrhythmias
Higher prevalence (approximate ratio
of 8:1). Higher mortality rate and
sudden cardiac death

Male predorminance in mutant and
Wild-type transthyretin amyloid

More frequent Cardiac involvement

in sarcoidosis,

Females

Frequent underdiagnosis and delayed valvular
interventions. Less mitral valve repair, worse
outcomes associated with replacement. Higher
probabity of recurrent HF after surgery. Similar
outcomes after Mitraclip.

Higher prevalence of paradoxical low flow- low
gradient stenosis.

More frequent concomitant significant mitral
disease.

Similar survival rates after surgery. Lower
all-cause mortality after TAVR.

Higher prevalence. Similar results in isolated
surgery, but poorer perioperative outcomes.
when combined with coronary artery bypass
surgery.

Worse symptoms Higher all-cause mortality

Higher occurrence of endomyicardial fibrosis,
but better survival.

No sex differences for hyper-eosinophilic
syndrome, scleroderma or carcinoid

heart disease.

References

(68-60)

(61-64)

(65, 66)

(67, 68)

(69, 70)

(52, 71)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Sex Influence on Heart Failure Prognosis



		Introduction



		Biological Differences



		Differences in Etiology and Comorbidities



		Hypertension



		Ischemic Heart Disease



		Non-ischemic Dilated Cardiomyopathy



		Atrial Fibrillation



		Other Cardiomyopathies









		Differences in Treatment Administration and Response



		Drugs to Treat HF With Reduced Ejection Fraction



		Devices



		Ventricular Assist Devices



		Heart Transplantation









		Pregnancies







		Discussion



		Conclusions



		Future Perspectives







		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Cardiovascular Medicine

Sex Influence on Heart Failure
Prognosis





OPS/images/fcvm-07-616273-g001.gif





OPS/images/fcvm-07-616273-g002.gif
"









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





