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Heart failure (HF) represents a serious public health concern, characterized by substantial morbidity 
and mortality. Despite advances in pharmacological management, a gap persists in understanding and 
accounting for sex-related differences in HF treatment. This review was performed to clarify the impact 
of sex on the clinical outcomes of HF medications. Insights from various clinical trials and studies have 
highlighted differences between men and women in drug responses and adverse effects, indicating the 
need for a more nuanced approach to HF management. Promoting greater representation of women in 
clinical trials and the development of research methodologies that consider sex differences are crucial 
steps in advancing precision medicine. Such efforts ensure that therapeutic strategies are optimally 
tailored to the unique biological and genetic profiles of each person. Ultimately, this review emphasizes 
the vital need for a more inclusive and personalized approach to HF pharmacotherapy, underscoring 
the critical role of sex-related differences in shaping effective and individualized treatment pathways.

Introduction

Heart failure (HF) is the leading cause of morbidity and mortality worldwide [1]. In Korea, the 
estimated prevalence of HF rose from 0.77% in 2002 to 2.24% in 2018 [2]. Sex-based stratification 
reveals that 600,244 women (2.3%) and 599,532 men (2.1%) are affected by this condition [2], 
indicating a higher prevalence in the Korean female population relative to their male counterparts. 
The prevalence of HF is anticipated to continue rising, as it generally increases with age. Rapid 
and accurate diagnosis of HF is crucial for initiating appropriate management and improving 
outcomes [3]. Based on left ventricular (LV) ejection fraction (EF), heart failure can be classified 
into three categories: HF with reduced ejection fraction (HFrEF; EF ≤40%), HF with mildly reduced 
EF (HFmrEF; EF 41%–49%), and HF with preserved EF (HFpEF; EF ≥50%) [4,5]. The recommended 
pharmacotherapies differ across these categories. Several sets of guidelines have been published for 
the management of HF [3,6,7], all underscoring the importance of guideline-directed medical therapy 
(GDMT), particularly for individuals with HFrEF. The GDMT for HFrEF includes angiotensin-converting 
enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), beta-blockers, angiotensin receptor-
neprilysin inhibitors (ARNIs), sodium-glucose cotransporter 2 (SGLT2) inhibitors, mineralocorticoid 
receptor antagonists (MRAs), digitalis, ivabradine, and vericiguat. In contrast, SGLT2 inhibitors are the 
only pharmacological treatment strongly recommended for patients with HFmrEF and HFpEF, with a 
weaker class of recommendation for both ARNIs and MRAs [7–10].
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Sex is a key biological variable in the context of HF. Men and women exhibit distinct 
pathophysiologies, potentially contributing to sex-specific differences in clinical presentation 
and diagnosis [11,12]. HFpEF is more common in women, while HFrEF is predominantly observed 
in men. Notable differences between the sexes in pharmacodynamics and pharmacokinetics 
have also been documented [11–13]. However, current guidelines do not incorporate sex-based 
variations into recommendations for treating patients with HF. In this article, we review the 
evidence for sex-related differences in HF medications and explore pharmacological treatments 
for HF in consideration of these sex disparities.

Ethics statement

It is a literature database-based review; therefore, neither approval by the institutional review 
board nor obtainment of informed consent was required.

Sex-related considerations for heart failure medications

Historically, clinical trials have predominantly included Caucasian men [14]. Despite an increase 
in enrollment, women continue to be underrepresented in clinical research. In 1994, the National 
Institutes of Health (NIH) implemented a policy requiring that all NIH-funded human scientific and 
behavioral studies include women, barring a clear and compelling and rationale for their exclusion 
[15]. The US Food and Drug Administration introduced a regulation in 1998 titled “Presentation of 
Safety and Effectiveness Data for Certain Subgroups of the Population in Investigational New Drug 
Application Reports and New Drug Applications.” This policy mandated that new drug applications 
provide safety and effectiveness data that encompass key demographic subgroups, including 
those based on sex, age, and race [14]. Furthermore, the NIH issued guidelines in 2015 that 
obligated researchers to account for sex as a biological variable and to submit valid analyses based 
on sex, race, and ethnicity to ClinicalTrials.gov [14]. These initiatives have led to recent clinical trials 
that suggest differences in drug efficacy across subgroups, including sexes.

Comparatively low gastrointestinal motility, intestinal enzymatic activity, and glomerular filtration 
rate all influence the pharmacokinetics in women, who also tend to have a lower body weight 
than men [13]. Hormonal differences between the sexes influence drug receptors and responses. 
Additionally, differences in body composition, gastric motility, cytochrome P450 enzyme activity, 
drug transporter function, and excretion rates all play roles in the pharmacokinetics of drugs, 
impacting their absorption, distribution, metabolism, and excretion [11]. Considering the sex-
related differences in pharmacokinetics, such as the impacts of smaller body size, decreased 
intestinal enzymatic activity, and reduced clearance rates, it is reasonable to suggest that women 
may be at a higher risk of medication overdose compared to male patients [16]. These distinctions 
underscore the need for a nuanced approach to HF pharmacotherapy, which is essential for 
maximizing drug effectiveness and reducing the risk of adverse effects across sexes.

Digoxin

The Digitalis Investigation Group study, published in 1997, assessed the impact of digoxin on 
mortality and hospitalization through a randomized clinical trial that included 6,800 patients with 
HFrEF (EF ≤45%) [17]. The findings indicated that while treatment with digoxin did not decrease 
overall mortality, it did lead to a reduction in the rate of hospitalization, both overall and in cases of 
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worsening HF [17]. Additionally, the study presented intriguing data on the sex-specific effects of 
digoxin, revealing that in comparison to placebo, digoxin was associated with a significantly higher 
mortality rate in female, but not male, patients [18]. However, the question of whether these findings 
are due to sex disparities remains unanswered. Further analysis of the data revealed that higher 
serum digoxin concentrations, which were more frequently observed in women, were associated 
with increased mortality [19]. The risk of death has been found to relate independently to the serum 
digoxin concentration, with significantly elevated risk noted in patients with concentrations of 1.2 
ng/mL or higher and 1.6 ng/mL or higher [19,20]. The conclusion drawn was that the observed 
sex-related disparity in mortality rates associated with digoxin use was attributable to the drug 
concentration rather than to sex itself. In current practice, digoxin use is approached with caution 
and is limited to patients with HFrEF who remain symptomatic despite the optimization of GDMT 
[7]. The prescribed drug concentration is the same for both sexes, with target digoxin plasma 
concentrations maintained below 1.0–1.2 ng/mL for both men and women [21]. 

Beta-blockers 

Most randomized clinical trials of beta-blockers in patients with HFrEF have included few 
female participants and minimal analysis of sex-based disparities. Initial research suggested that 
beta-blockers were similarly effective in women and men; however, this conclusion likely stems 
from the lower number of women enrolled. The US Carvedilol Heart Failure Study indicated that 
the impact of beta-blockers was consistent across sexes [22]. In the Study of the Effects of 
Nebivolol Intervention on Outcomes and Rehospitalization in Seniors with Heart Failure (SENIOR) 
trial, nebivolol was associated with a reduction in the combined endpoint of all-cause mortality 
or cardiovascular hospitalization in women, a benefit that was not observed in men (the P for 
interaction did not indicate significance) [23]. Furthermore, a meta-analysis revealed comparable 
reductions in mortality for men and women, with no significant sex-related differences [24,25]. 

Adverse drug reactions associated with the use of CYP2D6-dependent beta-blockers, including 
carvedilol, metoprolol, nebivolol, and propranolol, are significantly more frequent in women than in 
men [26]. Moreover, oral contraceptives can interact with the metabolism of metoprolol, leading to 
increased plasma concentrations in female relative to male patients [27]. Consequently, for several 
beta-blockers, women may experience the optimal therapeutic effect at doses lower than those 
required for men [27]. Supporting this notion, the lowest rates of death or hospitalization for HFrEF 
were observed at 100% of the recommended beta-blocker dose in male patients, whereas female 
participants experienced approximately 30% less risk at only 50% of the recommended dose. No 
further decrease in risk was evident at higher doses, according to a post hoc analysis of the Biology 
Study to Tailored Treatment in Chronic HF (BIOSTAT-CHF) study [28]. Nevertheless, no consensus 
exists regarding the presence of a sex-based difference in optimal beta-blocker dosage.

Beta-blockers may reduce cardiovascular mortality in patients with HFpEF [7–10]. While female 
sex was independently linked to the presence of diastolic dysfunction and comparatively poor 
clinical outcomes in a cohort of elderly individuals with HFpEF [29], sex-related disparities in the 
effectiveness of beta-blockers remain insufficiently examined among these patients.

Angiotensin-converting enzyme inhibitors and angiotensin 
receptor blockers

Early trials involving ACEIs indicated a benefit exclusively for male patients, with no apparent 
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advantage for female participants [30,31]. This discrepancy may have been influenced by the sex 
imbalance in these studies, in which men greatly outnumbered women—a trend also observed in 
studies on beta-blockers. Consequently, the limited female representation could have skewed the 
results unfavorably for this group. A subsequent meta-analysis of 30 studies, which encompassed 
substantial numbers of both male and female participants, established that ACEIs offer comparable 
benefits in overall mortality and the combined outcome of mortality or hospitalization for HF in 
both men and women with HFrEF [32]. Large-scale clinical trials later demonstrated that ARBs also 
provide similar decreases in adverse cardiovascular events among women and men with HFrEF 
[33–36]. Based on a post hoc analysis of the BIOSTAT-CHF study, Santema et al. [28] noted that 
the lowest risk of death or hospitalization for HF in women occurred at doses that were only half of 
the recommended levels, mirroring the findings regarding beta-blockers. This suggests that lower 
doses of ACEIs or ARBs may be warranted in women with HFrEF.

Recent data have shown that women report adverse drug reactions to ACEIs more frequently 
than men [37]. This sex disparity may contribute to the less frequent use of ACEIs [38]. Research 
using administrative databases has revealed that women treated with ARBs experienced a 31% 
decrease in the risk of all-cause mortality compared to those treated with ACE inhibitors [39]. 
In contrast, among men, the survival rates did not differ significantly between those prescribed 
ARBs and those given ACEIs [39]. Sex can be considered when prescribing renin-angiotensin 
system (RAS) blockers to patients with HF, although this requires further investigation.

Guidelines suggest that ARBs or ACEIs may reduce the risk of hospitalization or cardiovascular 
mortality associated with HF in patients with HFpEF [7–10]. However, insufficient research has 
been conducted on sex-related differences in the effectiveness of ACEIs and ARBs for treating 
HFpEF. Various studies have indicated that estrogen favorably modulates the RAS [40], and the 
cardioprotective effects of estrogen observed in premenopausal women, which are due in part 
to RAS inhibition, are lost following menopause [41]. Given that HFpEF is relatively prevalent 
among postmenopausal women, the role of RAS modulation could be particularly important for 
managing HFpEF in this demographic.

Mineralocorticoid receptor antagonists

For spironolactone in the Randomized Aldactone Evaluation Study (RALES) [42] and eplerenone 
in the Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study 
(EPHESUS) [43], no significant differences were observed between sexes in terms of prognosis 
for patients with HFrEF. A secondary analysis of the Aldosterone Antagonist Therapy for Adults 
With HF and Preserved Systolic Function (TOPCAT) trial, the TOPCAT-Americas, indicated that 
only women experienced a reduction in all-cause mortality when treated with spironolactone for 
HFpEF [44]. However, a recent meta-analysis that utilized individual patient data from the RALES, 
EPHESUS-HF, and TOPCAT-Americas studies showed that MRA treatment resulted in consistent 
reductions in the risk of adverse events for both men and women, regardless of functional class, 
LVEF, or other potential confounding factors [45]. Given the absence of sex-related variation in 
the pharmacokinetics of MRAs [41], the issue of sex-related differences in MRA treatment for HF 
remains unclear and warrants further investigation.

Angiotensin receptor-neprilysin inhibitor

The ARNI sacubitril/valsartan represents a frontline medical therapy for patients with HFrEF 
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[7–10]. In the Prospective Comparison of ARNI with ACEI to Determine Impact on Global 
Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial, which included patients with 
HFrEF, the effects of ARNI were similar for men and women [46]. The Prospective Comparison 
of ARNI with ARB Global Outcomes in Heart Failure with Preserved Ejection Fraction (PARAGON-
HF) trial, which compared ARNI to valsartan in patients with HFpEF, found that ARNI did not 
significantly reduce the primary outcome when compared with valsartan [47]. However, a 
subgroup analysis indicated that ARNI did reduce the primary outcome in women, but not in 
men (P for interaction=0.016) [48]. A pooled analysis of the PARADIGM-HF and PARAGON-HF 
trials revealed that the therapeutic effects of ARNI vary according to LVEF, with benefits that 
apparently apply to patients with HFmrEF. These benefits demonstrated sex-related differences, 
with advantages appearing to extend to a higher LVEF in women than in men [49]. 

The underlying mechanism for the observed sex-related differences in the effects of ARNI on 
elevated LVEF remains unclear. Given that HFpEF is more prevalent in postmenopausal women, 
one possible explanation is modulation of the RAS, which undergoes changes after menopause. 
Furthermore, it is noteworthy that the LVEF is generally higher among the female than the male 
population [50], which implies that women may experience systolic dysfunction at higher LVEF 
levels compared to men [48,49]. Nevertheless, further evidence is necessary to substantiate the 
use of sex-specific ranges when evaluating the efficacy of LVEF-based therapies. Some researchers 
have noted that the representation of women in the PARAGON-HF trial was markedly higher (51.7%) 
than in the PARADIGM-HF trial (21.8%) [45]. Therefore, more robust evidence is needed to confirm 
the existence of sex-based differences in the response to ARNI treatment in HFpEF.

Sodium-glucose cotransporter 2 inhibitors

SGLT2 inhibitors, initially developed to treat type 2 diabetes, have demonstrated substantial 
benefits in the management of HF. These medications are effective across all HF categories, 
irrespective of LVEF, and exhibit clinical advantages in both men and women [51–54]. However, 
a recent meta-analysis of pooled data from four major randomized controlled trials on SGLT2 
inhibitors suggested higher rates of primary composite outcomes in women compared to men 
[55]. This finding warrants further research to substantiate the hypothesis. The safety profile of 
SGLT2 inhibitors appears generally consistent between sexes. However, women could be more 
susceptible to certain adverse effects, such as urinary tract infections, due to anatomical and 
hormonal differences [56]. Consequently, monitoring and management of these side effects are 
particularly important for female patients.

Ivabradine and vericiguat

In randomized controlled clinical trials investigating ivabradine [57] and vericiguat [58], 
researchers observed no significant sex-related differences in the drugs’ efficacy or safety 
profiles among patients with HFrEF. However, the conclusions drawn from these studies are 
limited by the relatively small number of trials that have been conducted.

Unsolved problems and future direction

Fig. 1 provides a visual summary of sex-related differences in the efficacy of HF 
pharmacotherapy. Despite advances in the understanding of these differences in the context of 
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HF medications, current guidelines frequently overlook the variations in pharmacodynamics and 
pharmacokinetics between men and women. Historically, women have been underrepresented 
in clinical trials, leading to a notable lack of data for analyzing sex disparities in drug responses. 
Ensuring the balanced representation of women in clinical trials is critical. Emphasis should also 
be placed on developing sex-specific treatment strategies for HF, regularly updating these 
strategies with new evidence, and implementing personalized therapeutic approaches.

Furthermore, the growing recognition of sex-related differences in HF presentation 
underscores the necessity for more sophisticated diagnostic tools that account for these 
variations. It is imperative to establish educational initiatives aimed at increasing awareness 
of these sex-related disparities. Moreover, fostering international collaborations can provide a 
broader perspective, facilitate data sharing, and pave the way for a more unified global approach 
to the diagnosis and management of HF that recognizes both biological and social sex and 
gender distinctions. Such a strategy is aligned with the core principles of precision medicine, 
which emphasizes the development of patient-centered approaches that are customized to the 
biological and genetic makeup of each individual.

Conclusion

Clinical evidence from HF trials points to sex-related disparities in pharmacotherapy for HF (Fig. 
2). However, current guidelines for HF management do not provide distinct recommendations 
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Fig. 1. Sex-related differences in the efficacy of heart failure pharmacotherapy. COR was defined in accordance with the Guidelines for the Management 
of Heart Failure published by the Korean Society of Heart Failure. Data from Youn et al. [10]. HFrEF, heart failure with reduced ejection fraction; HFpEF, 
heart failure with preserved ejection fraction; COR, class of recommendation; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; MRA, mineralocorticoid receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; SGLT2I, sodium-glucose cotransporter 2 inhibitor. 
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for medication based on these sex-related differences. Adopting a sex-specific pharmacological 
treatment strategy could be crucial in advancing precision medicine, as it would enhance our 
understanding of individualized patient characteristics.

ORCID
In-Jeong Cho: https://orcid.org/0000-0002-1209-5129

Authors' contributions
The article is prepared by a single author.

Conflict of interest
No potential conflict of interest relevant to this article was reported.

Funding
Not applicable.

Data availability
Not applicable.

Acknowledgments
Not applicable.

Supplementary materials
Not applicable.

References
1.	 Kang SM. Key role of the Korean Society of Heart Failure: moving towards a global and individualized approach. Int J Heart Fail  

2022;4(3):136-138.
2.	 Park JJ, Lee CJ, Park SJ, Choi JO, Choi S, Park SM, et al. Heart failure statistics in Korea, 2020: a report from the Korean Society 

of Heart Failure. Int J Heart Fail  2021;3(4):224-236.
3.	 Hyun J, Cho JY, Youn JC, Kim D, Cho DH, Park SM, et al. Korean Society of Heart Failure guidelines for the management of 

heart failure: advanced and acute heart failure. Int J Heart Fail  2023;5(3):111-126.
4.	 Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid CM, Adamopoulos S, Albert N, et al. Universal definition and classification of 

heart failure: a report of the Heart Failure Society of America, Heart Failure Association of the European Society of Cardiology, 
Japanese Heart Failure Society and Writing Committee of the Universal Definition of Heart Failure: endorsed by the Canadian 

Sex Di�erences of Pharmacotherapy in Heart Failure

Under-
represented

women in
clinical trials

Di�erent
pharmacokinetics

Di�erent
heart failure
phenotype

Not enough
evidences for

women

More adverse e�ects
in women

Poor clinical outcomes
with certain drugs or

sex-speci�c responses

Fig. 2. Overview of sex-based differences in pharmacotherapy for heart failure.

https://orcid.org/0000-0002-1209-5129


Sex differences in heart failure

https://doi.org/10.12771/emj.2024.e3 8 / 9

Heart Failure Society, Heart Failure Association of India, Cardiac Society of Australia and New Zealand, and Chinese Heart 
Failure Association. Eur J Heart Fail  2021;23(3):352-380.

5.	 Cho JY, Cho DH, Youn JC, Kim D, Park SM, Jung MH, et al. Korean Society of Heart Failure guidelines for the management of 
heart failure: definition and diagnosis. Int J Heart Fail  2023;5(2):51-65.

6.	 McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021 ESC guidelines for the diagnosis and 
treatment of acute and chronic heart failure: developed by the task force for the diagnosis and treatment of acute and chronic 
heart failure of the European Society of Cardiology (ESC) with the special contribution of the Heart Failure Association (HFA) of 
the ESC. Eur Heart J  2021;42(36):3599-3726.

7.	 Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 AHA/ACC/HFSA guideline for the management 
of heart failure: a report of the American College of Cardiology/American Heart Association Joint Committee on clinical practice 
guidelines. Circulation 2022;145(18):e895-e1032.

8.	 McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2023 Focused update of the 2021 ESC guidelines 
for the diagnosis and treatment of acute and chronic heart failure: developed by the task force for the diagnosis and treatment 
of acute and chronic heart failure of the European Society of Cardiology (ESC) With the special contribution of the Heart Failure 
Association (HFA) of the ESC. Eur Heart J  2023;44(37):3627-3639.

9.	 Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure 
in adults: a report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. 
Circulation 2018;138(17):e484-e594.

10.	 Youn JC, Kim D, Cho JY, Cho DH, Park SM, Jung MH, et al. Korean Society of Heart Failure guidelines for the management of 
heart failure: treatment. Int J Heart Fail 2023;5(2):66-81.

11.	 Lala A, Tayal U, Hamo CE, Youmans Q, Al-Khatib SM, Bozkurt B, et al. Sex differences in heart failure. J Card Fail  
2022;28(3):477-498.

12.	 Regitz-Zagrosek V. Sex and gender differences in heart failure. Int J Heart Fail 2020;2(3):157-181.
13.	 Whitley H, Lindsey W. Sex-based differences in drug activity. Am Fam Physician 2009;80(11):1254-1258.
14.	 Liu KA, DiPietro Mager NA. Women's involvement in clinical trials: historical perspective and future implications. Pharm Pract 

2016;14(1):708.
15.	 Whitley HP, Smith WD. Sex-based differences in medications for heart failure. Lancet 2019;394(10205):1210-1212.
16.	 Soldin OP, Mattison DR. Sex differences in pharmacokinetics and pharmacodynamics. Clin Pharmacokinet 2009;48(3):143-157.
17.	 The Digitalis Investigation Group. The effect of digoxin on mortality and morbidity in patients with heart failure. N Engl J Med 

1997;336(8):525-533.
18.	 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(18):1403-1411.
19.	 Rathore SS, Curtis JP, Wang Y, Bristow MR, Krumholz HM. Association of serum digoxin concentration and outcomes in patients 

with heart failure. J Am Med Assoc 2003;289(7):871-878.
20.	Lopes RD, Rordorf R, De Ferrari GM, Leonardi S, Thomas L, Wojdyla DM, et al. Digoxin and mortality in patients with atrial 

fibrillation. J Am Coll Cardiol  2018;71(10):1063-1074.
21.	 Goldberger ZD, Goldberger AL. Therapeutic ranges of serum digoxin concentrations in patients with heart failure. Am J Cardiol 

2012;109(12):1818-1821.
22.	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. N Engl J Med 1996;334(21):1349-1355.
23.	Flather MD, Shibata MC, Coats AJS, Van Veldhuisen DJ, Parkhomenko A, Borbola J, et al. Randomized trial to determine the 

effect of nebivolol on mortality and cardiovascular hospital admission in elderly patients with heart failure (SENIORS). Eur Heart 
J  2005;26(3):215-225.

24.	Shekelle PG, Rich MW, Morton SC, Atkinson SW, 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(9):1529-1538.

25.	Kotecha D, Manzano L, Krum H, Rosano G, Holmes J, Altman DG, et al. Effect of age and sex on efficacy and tolerability 
of β blockers in patients with heart failure with reduced ejection fraction: individual patient data meta-analysis. Br Med J 
2016;353:i1855.

26.	Thürmann PA, Haack S, Werner U, Szymanski J, Haase G, Drewelow B, et al. Tolerability of β-blockers metabolized via 
cytochrome P450 2D6 is sex-dependent. Clin Pharmacol Ther 2006;80(5):551-553.

27.	 Luzier AB, Killian A, Wilton JH, Wilson MF, Forrest A, Kazierad DJ. Gender-related effects on metoprolol pharmacokinetics and 
pharmacodynamics in healthy volunteers. Clin Pharmacol Ther 1999;66(6):594-601.

28.	Santema BT, Ouwerkerk W, Tromp J, Sama IE, Ravera A, Regitz-Zagrosek V, et al. Identifying optimal doses of heart failure 
medications in men compared with women: a prospective, observational, cohort study. Lancet 2019;394(10205):1254-1263.

29.	Sotomi Y, Hikoso S, Nakatani D, Mizuno H, Okada K, Dohi T, et al. Sex differences in heart failure with preserved ejection 
fraction. J Am Heart Assoc 2021;10(5):e018574.

30.	The Consensus Trial Study Group. Effects of enalapril on mortality in severe congestive heart failure. N Engl J Med 
1987;316(23):1429-1435.

31.	 The SOLVD Investigators. Effect of enalapril on survival in patients with reduced left ventricular ejection fractions and 
congestive heart failure. N Engl J Med 1991;325(5):293-302.

32.	Garg R, Yusuf S. Overview of randomized trials of angiotensin-converting enzyme inhibitors on mortality and morbidity in 
patients with heart failure. J Am Med Assoc 1995;273(18):1450-1456.



Sex differences in heart failure

https://doi.org/10.12771/emj.2024.e3 9 / 9

33.	Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, John Camm A, et al. Effect of losartan compared with captopril on 
mortality in patients with symptomatic heart failure: randomised trial: the Losartan Heart Failure Survival Study ELITE II. Lancet 
2000;355(9215):1582-1587.

34.	Cohn JN, Tognoni G. A randomized trial of the angiotensin-receptor blocker valsartan in chronic heart failure. N Engl J Med 
2001;345(23):1667-1675.

35.	Pfeffer MA, McMurray JJV, Velazquez EJ, Rouleau JL, Køber L, Maggioni AP, et al. Valsartan, captopril, or both in myocardial 
infarction complicated by heart failure, left ventricular dysfunction, or both. N Engl J Med 2003;349(20):1893-1906.

36.	Dickstein K, Kjekshus J. Effects of losartan and captopril on mortality and morbidity in high-risk patients after acute myocardial 
infarction: the OPTIMAAL randomised trial. Lancet 2002;360(9335):752-760.

37.	 Bots SH, Schreuder MM, van Lennep JER, Watson S, van Puijenbroek E, Onland-Moret NC, et al. Sex differences in reported 
adverse drug reactions to angiotensin-converting enzyme inhibitors. JAMA Netw Open 2022;5(4):e228224.

38.	Sica DA. Pharmacotherapy review: angiotensin-converting enzyme inhibitors. J Clin Hypertens 2007;7(8):485-488.
39.	Hudson M, Rahme E, Behlouli H, Sheppard R, Pilote L. Sex differences in the effectiveness of angiotensin receptor blockers 

and angiotensin converting enzyme inhibitors in patients with congestive heart failure: a population study. Eur J Heart Fail  
2007;9(6-7):602-609.

40.	O'Donnell E, Floras JS, Harvey PJ. Estrogen status and the renin angiotensin aldosterone system. Am J Physiol Regul Integr 
Comp Physiol  2014;307(5):R498-R500.

41.	 Tamargo J, Caballero R, Delpón E. Sex-related differences in the pharmacological treatment of heart failure. Pharmacol Ther 
2022;229:107891.

42.	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(10):709-717.

43.	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(14):1309-1321.

44.	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(3):228-238.

45.	Rossello X, Ferreira JP, Pocock SJ, McMurray JJV, Solomon SD, Lam CSP, et al. Sex differences in mineralocorticoid receptor 
antagonist trials: a pooled analysis of three large clinical trials. Eur J Heart Fail  2020;22(5):834-844.

46.	McMurray JJV, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al. Angiotensin–neprilysin inhibition versus enalapril in 
heart failure. N Engl J Med 2014;371(11):993-1004.

47.	 Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, et al. Angiotensin–neprilysin inhibition in heart failure with 
preserved ejection fraction. N Engl J Med 2019;381(17):1609-1620.

48.	McMurray JJV, Jackson AM, Lam CSP, Redfield MM, Anand IS, Ge J, et al. 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(5):338-351.

49.	Solomon SD, Vaduganathan M, Claggett BL, Packer M, Zile M, Swedberg K, et al. Sacubitril/valsartan across the spectrum of 
ejection fraction in heart failure. Circulation 2020;141(5):352-361.

50.	Chung AK, Das SR, Leonard D, Peshock RM, Kazi F, Abdullah SM, et al. Women have higher left ventricular ejection fractions 
than men independent of differences in left ventricular volume: the Dallas Heart Study. Circulation 2006;113(12):1597-1604.

51.	 Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Böhm M, et al. Empagliflozin in heart failure with a preserved ejection 
fraction. N Engl J Med 2021;385(16):1451-1461.

52.	McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, et al. Dapagliflozin in patients with heart failure 
and reduced ejection fraction. N Engl J Med 2019;381(21):1995-2008.

53.	Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. Cardiovascular and renal outcomes with empagliflozin in 
heart failure. N Engl J Med 2020;383(15):1413-1424.

54.	Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets D, Hernandez AF, et al. Dapagliflozin in heart failure with mildly 
reduced or preserved ejection fraction. N Engl J Med 2022;387(12):1089-1098.

55.	Rivera FB, Tang VAS, De Luna DV, Lerma EV, Vijayaraghavan K, Kazory A, et al. Sex differences in cardiovascular outcomes 
of SGLT-2 inhibitors in heart failure randomized controlled trials: a systematic review and meta-analysis. Am Heart J Plus  
2023;26:100261.

56.	Joung KI, Jung GW, Park HH, Lee H, Park SH, Shin JY. Gender differences in adverse event reports associated with antidiabetic 
drugs. Sci Rep 2020;10(1):17545.

57.	 Swedberg K, Komajda M, Böhm 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(9744):875-885.

58.	Armstrong PW, Pieske B, Anstrom KJ, Ezekowitz J, Hernandez AF, Butler J, et al. Vericiguat in patients with heart failure and 
reduced ejection fraction. N Engl J Med 2020;382(20):1883-1893.


	Untitled
	Untitled



