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Abstract

Background: In patients with heart failure (HF), randomized controlled trials (RCTs) of sodium-

glucose transporter-2 inhibitors (SGLT-2is) have proven to be effective in decreasing the primary 

composite outcome of cardiovascular death and hospitalizations for HF. A recently published 

meta-analysis showed that the use of SGLT-2is among women with diabetes resulted in less 
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reduction in primary composite outcomes compared with men. This study aims to explore 

potential sex differences in primary composite outcomes among patients with HF treated with 

SGLT-2is.

Methods: We systematically searched the medical database from 2017 to 2022 and retrieved 

all the RCTs using SGLT-2is with specified cardiovascular outcomes. We used the PRISMA 

(Preferred Reporting Items for a Review and Meta-analysis) method to screen for eligibility. We 

evaluated the quality of studies using the Cochrane Risk of Bias tool. We pooled the hazard ratio 

(HR) of the primary composite outcomes in both sexes, performed a meta-analysis, and calculated 

the odds ratio (OR) of the primary composite outcomes based on sex.

Results: We included 5 RCTs with a total number of 21,947 patients. Of these, 7837 (35.7 %) 

were females. Primary composite outcomes were significantly lower in males and females taking 

SGLT-2is compared to placebo (males - HR 0.77; 95 % CI 0.72 to 0.84; p = 0.00001; females - 

HR 0.75; 95 % CI 0.67 to 0.84; p = 0.00001). Pooled data from four of the RCTs (n = 20,725) 

revealed a greater occurrence of the primary composite outcomes in females compared with males 

(OR 1.32; 95 % CI 1.17 to 1.48; p = 0.0002).

Conclusion: SGLT-2is reduce the risk of primary composite outcomes in patients with HF, 

regardless of sex; however, the benefits were less pronounced in women. Further research needs to 

be done to better explain these observed differences in outcomes.
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1. Introduction

Heart failure (HF) incidence is increasing globally, with almost half of all HF patients 

being women [1]. The 2022 Heart Disease and Stroke Statistics report by the American 

Heart Association reported a projected rise in HF prevalence by 46 % from 2012 to 2030, 

expecting to increase the total percentage of the population from 2.4 % in 2012 to 3 % 

in 2030 [2]. HF causes significant morbidity and mortality among women [3], and the 

incidence of HF tripled between ages 65–74 and 75–84 [3]. In women, HF tends to occur 

at an older age and usually manifests as HF with preserved ejection fraction (HFpEF). 

Furthermore, women are more likely to be more symptomatic than men [1,3]. Although 

women are less prone than men to develop coronary artery disease (CAD) at premenopausal 

age, they reported worse quality of life and increased risk for depression [3]. Guideline-

directed medical therapy for HF does not differ in women; however, women are vastly 

underrepresented in HF trials [3].

1.1. Sodium-glucose transporter-2 inhibitors and heart failure

Sodium-glucose transporter-2 inhibitors (SGLT-2is) are hypoglycemic agents which block 

the sodium-dependent glucose transporter-2 in the early proximal renal tubule of the 

kidneys. Their primary effect is increasing urinary glucose excretion and decreasing blood 

glucose levels. Additional effects of SGLT-2is, especially on the cardiovascular system, 

have been increasingly reported in the literature. In early 2022, the US Food and Drug 
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Administration approved empagliflozin to treat HF. SGLT-2is use is currently one of the 

four pillars in managing patients with HF with reduced ejection fraction (HFrEF) [4]. In 

patients with HF and preserved ejection fraction (HFpEF), empagliflozin showed a 21 % 

lower relative risk in the composite of cardiovascular death or hospitalization for HF [5]. In 

the recently published 2022 American Heart Association/American College of Cardiology/

Heart Failure Society of America (AHA/ACC/HSFA) heart failure guideline, SGLT-2is 

received a class I recommendation for patients with HFrEF, including those at risk for HF 

(Stage A) [6]. Similarly, the 2021 European Society of Cardiology guidelines for acute and 

chronic HF highlighted the importance of SGLT-2is (class IA recommendation) in reducing 

HF hospitalization and mortality risk in patients with HFrEF [7]. Possible mechanisms of 

cardiovascular benefits of SGLT-2 inhibitors are changes in energy metabolism, reduction 

of blood pressure (BP) and vessel stiffness, increase in hemoglobin and hematocrit, 

improvement of myocardial remodeling, and weight loss [8].

Men and women may differ in myocardial adaptation after a cardiac event [9]. HFpEF 

is more common in women than in men. Furthermore, women with HFpEF have more 

comorbidities than those with HFrEF, with >60 % having at least four comorbidities [9]. 

White women with HFpEF had the highest proportion of hospitalization for HF [3]. A 

meta-analysis by Singh et al. showed that the reduction in primary composite outcomes 

with SGLT-2is appears to be significantly less in women with diabetes than in men [10]. 

However, to our knowledge, no study has investigated whether there are sex differences in 

cardiovascular (CV) outcomes among HF patients on SGLT-2is. We conducted a thorough 

systematic review and meta-analysis of all the CV outcomes studied with SGLT-2is in 

patients with HF with or without type 2 diabetes mellitus (DM) to study the primary 

composite outcomes based on the sex of the patients.

1.2. Objective

This study aimed to determine the effect of SGLT-2is on primary composite outcomes 

among patients with HF, with or without type 2 DM, stratified by sex, through a systematic 

review and meta-analysis of relevant randomized controlled trials.

1.3. Data sources

A comprehensive search and review of the PubMed, SCOPUS, and Cochrane databases 

was conducted from 2017 to 2022. Results were limited to randomized clinical trials and 

clinical trials only. Relevant keywords such as “SGLT-2 inhibitors,” “heart failure,” “chronic 

heart failure,” and “acute heart failure” and their combinations were used in the search. All 

subsequent articles cited in these studies were also considered and reviewed.

1.4. Study selection

Only dedicated cardiovascular outcome trials conducted with SGLT-2is investigating the 

primary outcome of the composite of cardiovascular death, hospitalization for heart failure, 

and urgent visit for heart failure, and published the results of subgroup analysis based on 

sex were included. Studies with either HFrEF or HFpEF participants were included. Other 

studies which did not have cardiovascular death and HF hospitalizations as the primary 

endpoint and did not have a randomized controlled trial design were excluded from the 
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analysis. Studies that have met the specified inclusion and exclusion criteria were compiled. 

The study was done in line with the statements mentioned in the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) (11). A detailed PRISMA diagram 

for the process of inclusion and exclusion for selecting key studies that have been used in 

this meta-analysis has been depicted in Fig. 1.

1.5. Data extraction and synthesis

The full text and all supplementary appendices were obtained, screened, and reviewed 

using the Cochrane Risk of Bias tool. The tool evaluates studies on seven domains, 

including random sequence generation, allocation concealment, blinding of participants and 

personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, 

and other bias. Three authors (FBR, DDL, and VST) independently extracted data using 

a standardized data collection form. Differences in rating given by the reviewers were 

discussed by all authors and resolved with a consensus. Statistical analysis was completed 

using Cochrane Review Manager (RevMan) version 5.4. Inverse variance weighted averages 

of logarithmic hazard ratio using random effects model were used to calculate for study 

weight. The pooled hazard ratio [HR], stratified by sex, and the 95 % confidence interval 

(CI) were based on intention-to-treat analysis. Odds Ratio [OR] was then computed between 

pooled HR to compare primary composite outcomes between sexes. Heterogeneity was 

evaluated using the I2 method and Cochrane Q statistics. Results were classified as low (<25 

%), moderate (25 to 50 %), and high (>50 %) heterogeneity based on the 12. All reported 

two-sided p values are considered significant if <0.05.

1.6. Main outcomes and measures

The primary outcome of interest was a composite of the following outcomes: cardiovascular 

death, hospitalization for heart failure, and urgent visit for heart failure.

2. Results

Five RCTs were included in the meta-analysis after rigorous screening described in the 

PRISMA diagram (Fig 1). These studies are generally found to be of good quality, using 

the Cochrane Risk of Bias Tool, summarized in Fig. 2. One study, in particular, the 

Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure (DAPA-HF) RCT, 

presented minor issues on dose adjustments for trial drug empagliflozin. Although >10 % 

of patients from the control and intervention group discontinued from this study, this was 

addressed by utilizing intention to treat analysis. A funnel plot was not done considering 

the quality and size of the trials included in the study and the results of the Cochrane tool. 

The final meta-analysis included 21,947 participants from five published RCTs comparing 

SGLT2-is with placebo and performed across multiple centers worldwide (see Table 1 and 

Figs. 4-6) [5,11-14]. The study-level baseline characteristics are presented in Table 2. The 

participants included in the studies ranged from 65 to 81 years old. Empagliflozin in Heart 

Failure with a Preserved Ejection Fraction (EMPEROR-PRESERVED) and Dapagliflozin 

in Heart Failure with mildly reduced or preserved ejection fraction (DELIVER) trials 

enrolled relatively older participants. All 5 RCTs had predominantly male participants. In 

general, women were underrepresented (35.71 %). However, more women were recruited 
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for EMPEROR-PRESERVED (44.69 %) and DELIVER trials (43.86 %) compared to the 

others. Most patients were Whites; Asians and Black populations account for approximately 

20 %. Most were NYHA Class II. Hypertension and diabetes were the predominant 

comorbidities. Patients with HFpEF (EMPEROR-Preserved and DELIVER) and HFrEF 

(DAPA-HF, Empagliflozin in Heart Failure with a Reduced Ejection Fraction (EMPEROR-

Reduced), Effect of Sotagliflozin on Cardiovascular Events in Patients with Type 2 Diabetes 

Post Worsening Heart Failure (SOLOIST-WHF) were adequately represented. Among those 

with HFrEF, most were on beta-blockers and mineralocorticoid receptor antagonists, but 

only a minority were on neprilysin inhibitors.

Using forest plot to analyze composite outcomes for the 5 RCTs, the study revealed 

significantly lower primary composite outcomes both in males and females taking SGLT-2is 

(males - HR 0.77; 95 % CI 0.72 to 0.84; p = 0.00001; females - HR 0.75; 95 % CI 0.67 to 

0.84; p = 0.00001). Pooled data from four of the RCTs (n = 20,725) were compared between 

males and females, which revealed a greater occurrence of the primary composite outcomes 

among females compared to males (OR 1.32; 95 % CI: 1.17–1.48) (see Fig. 6).

2.1. Discussion

Cardiovascular disease (CVD) is the leading cause of death in females in the US. SGLT2-is 

has become a major pillar in treating heart failure across the spectrum of phenotypes. 

The findings of this study showed that the treatment effect of these drugs on women is 

markedly less compared to men. This difference may be explained by various factors – 

the clinical characteristics of women with heart failure, the representation of women in 

major heart failure trials, peculiarities of female physiology, and the pharmacodynamics of 

SGLT2-is. Women with heart failure present with a different clinically picture compared to 

men with heart failure. At age 40, the lifetime risk of developing HF without antecedent MI 

is one in six for women and one in nine for men making women more likely to develop 

non-ischemic HF compared to men [15]. The most common underlying mechanism of HF 

in women is myocardial hypertrophy from uncontrolled hypertension [15,16]. In addition, 

hypertension is more challenging to control in women despite no difference in response 

to antihypertensive medications between men and women [16]. Compared to men, women 

with HF are often older, are less likely to smoke, and have more HFpEF [16]. Lastly, 

women have more comorbidities such as diabetes, renal disease, and arthritis [16]. The 

clinical course and patient-reported outcomes for acute HF are also different. The study of 

Blumer et al. reported that among patients with HFrEF, women were less likely to receive 

guideline-directed medical therapy [17]. Signs and symptoms of HF were similar in women 

and men, but women experienced less in-hospital weight loss and urine output (all p < 

0.01) [17]. Women were also reported to have a significantly lower EuroQol-5D (EQ-5D) 

utility and visual analogue scores at admission, discharge, and 30 days, and continued to 

have significantly lower EQ-5D scores at all in-hospital and post-discharge time points after 

adjustment for clinical characteristics [17]. These results imply that women experience a 

lower quality of life with more significant functional impairment secondary to HF and have 

higher rates of dyspnea on exertion and difficulty exercising than men [3,17]. When men 

and women with HFrEF are compared, women are more symptomatic despite both sexes 

having similarly poor outcomes [3]. Despite this, women are less likely to receive treatment 
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compared to men for the same risk factors [15]. Women are also less likely to be referred for 

procedures such as implantable cardioverter defibrillators, cardiac resynchronization therapy, 

or mechanical circulatory support [3,17].

Women have traditionally been underrepresented in clinical trials [15]. RCTs supporting 

current HF management guidelines have recruited predominantly men subjects with a lack 

of prospective sex-specific analyses [15]. Across major clinical trials investigating the effect 

of SGLT-2is on patients with HF, women have made up less than a quarter of the total 

number of study participants. The EMPEROR-PRESERVED and DELIVER trials, two 

of the largest HF trials using SGLT2-is, enrolled a relatively higher number of women, 

highlighting the greater percentage of women afflicted by HFpEF [5,11-14]. In our study, 

we noted a significant difference in the number of participants based on sex, with the male 

sex predominating in all trials (see Fig. 3). A recent meta-analysis investigating the effect of 

SGLT2-is on MACE reduction by sex among diabetic patients also revealed no significant 

benefit for women that was attributed partly also to a similar underrepresentation of women 

in the included trials [10].

The five RCTs included in this meta-analysis did not report the treatment effect of 

SGLT2-is, stratified by sex, for each of the individual outcomes (i.e., cardiovascular death, 

hospitalization for heart failure, urgent care visit for heart failure) comprising the primary 

composite outcome. However, it is notable that the benefit of SGLT2-is on the primary 

composite outcome was driven primarily by reductions in hospitalizations for heart failure, 

which was largely consistent across the spectrum of heart failure phenotypes. Several 

studies have shown that women are disproportionately more likely to experience recurrent 

hospitalizations for heart failure compared to men, despite similar rates of in-hospital 

mortality [18-21]. Future studies investigating the benefits of SGLT2-is among heart failure 

patients should stratify the individual components of the primary composite outcome by sex 

to explore any differences in the treatment effect of the drug.

The anatomical and physiological differences between men and women have CV 

implications. Coronary artery disease is thought to occur more frequently in men than 

in women, owing to the cardioprotective effects of estrogen [22,23]. However, as women 

enter the menopausal stage, this protection wanes as estrogen significantly decreases due to 

reproductive senescence.

Sex differences in pharmacokinetics and pharmacodynamics of SGLT-2is may also play 

an important role. The interplay of these concepts is affected by many factors; therefore, 

detecting sex differences in the pharmacokinetics and pharmacodynamics of drugs is 

reasonable [23-25]. In terms of body composition, women typically have lower plasma 

volume and higher body fat percentage compared to men. In particular, increased body fat 

may contribute to a higher volume of distribution of lipophilic drugs such as SGLT2-is [10]. 

The pharmacodynamic effect of SGLT-2 inhibitors involves inciting glycosuria by lowering 

the maximum renal glucose resorptive capacity and the glucose-resorptive threshold in 

the apical membrane of the proximal convoluted tubules [26,27]. Among the SGLT-2is, 

empagliflozin has the highest selectivity (>2500-fold) for the SGLT-2 receptors [28]. It is 

rapidly absorbed via the oral route with a peak action of 1.5 h and a half-life of 12.4 
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h, making it suitable for once-a-day dosing. Its bioavailability is around 78 %, and it 

binds to proteins by about 86 % [28]. Its excretion is both fecal (40 %) and renal (50 

%); nevertheless, it is still well tolerated in those with mild to moderate chronic kidney 

disease [28]. There are currently no studies on sex differences in the pharmacokinetic and 

pharmacodynamic properties of SGLT-2is.

Biological differences in men and women have important implications for disease etiology 

and manifestation, treatment response, and outcomes. As previously mentioned, women are 

underrepresented in many CV RCTs [29]. The reason for this disparity is multifaceted. 

Historically, studies were performed on male subjects and extrapolated to females to 

avoid the burden of consideration of female hormonal fluctuations and unknown harm in 

pregnancy [30]. Other studies cited that decreased female recruitment is due to decreased 

referral rates, heightened worry of harm, family and childcare responsibilities, and low 

likelihood of trial retention [31,32]. Despite efforts to ensure the inclusion of women as 

subjects in clinical trials, the lack of sex diversity in cardiology and clinical trial leadership 

perpetuates sex disparities in clinical research [33,34]. This paucity of sex-specific data 

may translate into suboptimal health outcomes as clinical practice guidelines are driven by 

clinical trial data from predominantly male subjects. Addressing these gender gaps may lead 

to more robust data in sex-specific analysis and therapy which may improve outcomes in 

both sexes.

2.2. Strength and limitations

The primary strength of this study is the standardized approach used to systematically 

review the data from all the RCTs with the same endpoints of the use of SGLT-2is 

in HF patients. There have been other studies on the effect of the sex of patients on 

CV outcomes for those taking SGLT-2is, but these analyses have been limited to a few 

observational studies. To our knowledge, this study is the first meta-analysis involving five 

large RCTs examining the sex differences in SGLT-2i cardiovascular outcomes. Limitations 

to the study include the limited availability of individual data specific to sex-stratified 

outcomes. Furthermore, the analysis was based on published aggregate data, not individual 

patient-level data. Patient-level data would have allowed for more in-depth analysis and 

better adjustment for confounding factors. Additionally, the SOLOIST – WHF trial was 

excluded from the comparison of effects on males versus females due to the unavailability of 

data on actual events per subgroup. The main strength of the analysis is in the availability of 

these RCTs for SGLT-2is and their effect on cardiovascular outcomes.

2.3. Conclusion

SLGT-2is are a very effective treatment for HF regardless of sex. Compared to men, 

women receive less benefit from these drugs. Further research needs to be done to better 

explain these observed outcome differences. Appropriate patients should be started on these 

medications.
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Fig. 1. 
PRISMA diagram on selection of studies.
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Fig. 2. 
Cochrane risk of bias assessment.
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Fig. 3. 
Percentage of patients enrolled in each trial according to sex.
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Fig. 4. 
Primary composite outcomes in males receiving SGLT-2is vs. placebo.
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Fig. 5. 
Primary composite outcomes in females receiving SGLT-2is vs. placebo.
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Fig. 6. 
Primary composite outcomes in males vs. females receiving SGLT-2is.
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