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Abstract

Heart failure is a significant public health burden that differentially impacts women. Important 

sex- and gender-based differences in HF risk factors, presentation, and treatment exist, and 

the generation of high-quality evidence is critical to elucidate these differences. Despite the 

remarkable growth of the heart failure clinical research enterprise over the last four decades, 

women remain underrepresented in heart failure clinical trials relative to the population prevalence 

of heart failure in women. This disparity has resulted in significant knowledge gaps regarding the 

optimal care of women with heart failure. In this review, we summarize the existing literature 

regarding the participation of women in heart failure clinical trials. Additionally, we explain the 

evidence surrounding sex- and gender-specific barriers to enrollment in heart failure clinical trials 

and describe interventions that should be implemented throughout the clinical trial lifespan to 

achieve sex and gender parity.
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1. Introduction

Women comprise half of the population of adults with heart failure (HF) in the United 

States (U.S.) [1]. Approximately half of the HF population has HF with preserved ejection 

fraction (HFpEF), and the prevalence of HFpEF at any given age is higher in women 
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[2]. While the lifetime risk for HF with reduced ejection fraction (HFrEF) is lower in 

women compared with men, approximately 40% of patients with HFrEF are women [3]. 

Moreover, sex- and gender-based differences have been demonstrated across the spectrum of 

HF risk factors, pathophysiology, diagnosis, treatment, and outcomes of care [4]. Achieving 

equitable HF care for women necessitates a robust evidence base; however, women have 

been significantly underrepresented in HF clinical research.

The exclusion of women from clinical research in the U.S. is rooted in federal policy. In 

1977, the U.S. Food and Drug Administration (FDA) outlined the exclusion of “women with 

childbearing potential” from phase I and early phase II clinical trials, partially in response 

to the devastating birth defects associated with maternal thalidomide use during pregnancy 

[5]. This guideline was interpreted broadly to include any woman capable of becoming 

pregnant in this definition [6]. Over the next decade, regulatory bodies increasingly realized 

that this lack of sex- and gender-specific data in biomedical research severely limited the 

generalizability of research and quality of care.

In the 1980s, newer National Institutes of Health (NIH) policies specifically encouraged the 

inclusion of women and performance of sex-stratified analyses in clinical research; however, 

U.S. governmental agencies still found that women were significantly underrepresented 

across many biomedical research domains, and especially in studies of cardiovascular 

disease [7]. In 1993, the FDA formally rescinded the 1977 policy, and the U.S. Congress 

codified the NIH’s inclusion policies into law through a section in the NIH Revitalization 

Act of 1993 entitled “Women and Minorities as Subjects in Clinical Research” [8]. 

This law, along with a new guideline jointly issued by the NIH and U.S. Office of 

Research on Women’s Health, mandated (1) the inclusion of women in all NIH-funded 

clinical research, (2) that trials be designed to elucidate sex-based differences, (3) and 

the creation of dedicated outreach programs to recruit and retain women as clinical trial 

participants. Despite these efforts, early investigations of the impact of these federal policies 

continued to demonstrate the underrepresentation of women in mixed-gender phase III or 

IV cardiovascular RCTs funded by the NIH [9]. This disparity persists such that even 

today, a significant proportion of contemporary HF trials do not adequately report sex/

gender-specific subgroup data [10].

Furthermore, under-representation of women in clinical trials have resulted in 

misinterpretation of under-powered subgroup analyses in which women appeared to have 

differential benefit and side effect profiles from therapies such as angiotensin-converting 

enzyme inhibitors or implantable cardioverter defibrillators [11–15]. Most of these 

erroneous interpretations have since been corrected with meta-analyses demonstrating 

benefit with guideline directed medical therapy in women [16]. Similarly, when women 

were referred late for cardiovascular interventions with a higher symptom and disease 

burden, clinical outcomes were usually worse [17]. This created the misperception of 

a higher risk precluding referral for interventional therapies for women and widening 

therapeutic disparities [18].

The purpose of this review is to summarize the existing literature on the representation of 

women in HF clinical trials, describe barriers to the enrollment of women as participants, 
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and propose strategies to increase trial-level and patient-level representation of women 

in HF research. Herein, the term sex is defined as a biological variable determined by 

characteristics encoded in DNA, whereas the term gender refers to the social constructs and 

traits linked to biological sex assignment and is what is typically collected in clinical trials 

[10,19].

2. Enrollment of women in heart failure clinical trials

In the 1980s–1990s, women comprised approximately 20–30% of participants in landmark 

trials investigating beta-blockers, renin-angiotensin-aldosterone inhibitors, vasodilators, and 

digoxin in HFrEF [20]. Early women leaders in HF recognized the implications of 

the underrepresentation of women in HF clinical trials, including the potential for under-

recognition of important differences in pathophysiology, clinical presentation, and outcomes 

[14,20]. It became clear that targeted benchmarking and focused inquiry into the causes of 

low enrollment of women in HF clinical trials were needed.

In 2000, Harris and Douglas sought to investigate whether the aforementioned federal efforts 

had been successful in increasing the enrollment of women in cardiovascular clinical trials 

conducted by the National Heart, Lung, and Blood Institute (NHLBI). They conducted an 

analysis of the gender composition of all cardiovascular clinical trials conducted by the 

NHLBI between 1965 and 1998 and found that of 17,349 subjects enrolled in 6 HF trials, 

26% were women [21]. This was a strikingly low proportion when benchmarked against the 

estimated 43% population prevalence of HF in women at the time. The proportion of women 

enrolled in HF trials did not significantly change over the 13-year study period. The authors 

concluded that researchers, funding agencies, and policy makers must better collaborate to 

improve the representation of women in cardiovascular clinical trials, as efforts to date had 

achieved limited success.

As the corpus of cardiovascular clinical research grew, subsequent studies published 

throughout the 2000s, 2010s, and early 2020s serially catalogued the participation of 

women in HF trials. Much debate ensued regarding the definition of representation and 

its relationship to scientific validity [22,23]. Given the lack of a universally accepted method 

for determining representation and challenges in establishing the sex-specific prevalence 

estimates of HF, multiple studies performed during this period used the participation to 

prevalence ratio (PPR), the proportion of women in a trial relative to the proportion of 

women in the disease population, to quantify trial representation. A PPR of <0.8 has 

generally been used to indicate the underrepresentation of women [24].

Heiat et al. performed the first analysis focused on the enrollment of women in HF clinical 

trials and examined 59 randomized controlled trials (RCTs) published between January 1985 

and December 1999 [25]. Women constituted 21% of participants overall, significantly less 

than the proportion of women in the general HF population and also of NIH-funded study 

participants (50% estimated from the National Health and Nutrition Examination Survey, 

p < 0.001). Four trials excluded women outright, and 8 additional trials excluded women 

with childbearing potential. Notably, over the 14-year study period, the exclusion of women 

per trial protocol occurred less frequently, heralding an evolution beyond the paternalistic 
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practices of prior decades. Gong et al. extended the survey period and found that in 64 HF 

RCTs published between 1986 and 2015 in 3 high-impact medical journals, the percentage 

of enrolled women was 28.4% [26]. A focused study of 264 HF publications, including 

RCTs and observational studies, published in 11 peer-reviewed journals in 2013 similarly 

demonstrated that women comprised 29% of participants [27].

The creation of ClinicalTrials.gov [28], a 2000 collaborative NIH and FDA effort to 

establish a clinical trials information registry, provided a rich resource for more advanced 

sex/gender-based inquiries into clinical trial designs, protocols, and results. Jin et al. 

systematically assessed the participation of women in 740 completed cardiovascular trials 

registered in ClinicalTrials.gov between 2010 and 2017, including 102 trials in HF, and 

compared characteristics across 8 major cardiovascular disease subtypes [29]. HF trials had 

nearly the lowest woman to man participant ratio and had the lowest PPR (0.48) of the 8 

subtypes — findings that were largely unchanged compared to nearly two decades earlier 

[21].

With trial-level data more readily available, predictors of women’s enrollment in HF trials 

were able to be identified. Participant age at trial enrollment repeatedly emerged as a 

relevant association. A 1-year increase in the mean age of participants was associated 

with a 5% increase in the enrollment of women in the Heiat et al. analysis [25]. This 

association between increasing age at trial enrollment and higher enrollment rates was 

also demonstrated in a systematic review of 325 landmark cardiovascular trials published 

between 1997 and 2009 [30]. For HF trials in this study, the authors estimated an 

increase in women’s enrollment by 4.2% for every 5-year increment in age at enrollment. 

Although challenging to delineate age- versus sex-related effects, these findings suggested 

that excluding elderly individuals from clinical trials could thereby indirectly result in the 

exclusion of women as well.

A few more recent studies evaluated HF trial enrollment through the lens of novel drug 

approvals. In 2018, Scott et al. examined women’s participation in trials supporting new 

FDA drug applications from January 1, 2005, to September 15, 2015 [24]. Of the 57 trials 

of 35 drugs examined across 6 areas of cardiovascular disease, 3 drugs were studied in 

HFrEF. The proportion of women among trial participants was lowest in the HFrEF trials 

at 24%, and PPR was lowest in the HFrEF trials at 0.5–0.6. Khan et al. corroborated these 

findings in their analysis of the participation of women in pivotal trials supporting approval 

of cardiometabolic drugs from January 2008 to December 2017 (PPR for HF = 0.58) [31].

Contemporary analyses of HF trial enrollment sought to stratify participation by HF 

phenotype. Tahhan et al. provided an update of Heiat et al.’s work focused on HF trials 

and examined enrollment trends in 118 HF trials published between 2001 and 2016 [32]. 

Overall, 27% of enrolled participants in these trials were women, and this proportion did 

not significantly change over the 15-year study period. Chronic HFpEF trials enrolled more 

women (58%) compared with trials in HFrEF (24%) or acute HF (32%; p < 0.001 for 

comparison), and these enrollment proportions were all lower than the estimated disease 

prevalence of each respective HF phenotype. A higher proportion of women were enrolled 

in trials that were conducted in North America compared with other global regions (p < 
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0.003 for comparison); in trials funded by the NIH/NHLBI compared with other funding 

mechanisms (p < 0.004 for comparison); and in trials testing nondrug, noninvasive therapies 

(p = 0.05). Again, a higher mean age of participants was also significantly associated with 

greater women enrollment (p = 0.004). In a separate HFpEF-focused analysis, Tahhan et 

al. systematically reviewed trials published between 2001 and 2016 and found that women 

comprised 55% of overall trial participants, commensurate with the estimated prevalence of 

HFpEF in the U.S. [33].

Overall, the proportion of women enrolled in HF clinical trials has remained stagnant 

at approximately 20–30% over the past 4 decades. When compared with the available 

population prevalence estimates of HF and its subtypes among women, HF trial participants 

have not been representative of real-world HF populations. However, these prevalence 

estimates can vary widely depending on the populations sampled, and this challenges the 

ability to confidently and quantitatively assess the degree of women’s underrepresentation. 

The majority of HF clinical trials have been performed in patients with HFrEF, and as such, 

there is now a robust evidence base for medical and interventional therapies that decrease 

morbidity and prolong life in this disease. Women comprise the majority of patients with 

HFpEF, and almost no trial-tested interventions have been shown to reduce its morbidity 

and mortality [34]. While women have been enrolled in HFpEF clinical trials at higher 

proportions than in HFrEF clinical trials, there remains a dearth of effective pharmacological 

or device therapy to improve the symptom burden or life expectancy of a substantial number 

of women with HF. Recent benchmarking efforts have focused on identifying predictors of 

greater trial participation by women, and further emphasis here is urgently needed.

3. Inclusion of women in trials supporting heart failure practice guidelines

In the last decade, inventive analyses of HF trials restricted to those cited in support of 

major society practice guidelines have yielded additional insight into predictors of trial 

participation. These cited studies usually reflect landmark trials that inform level of evidence 

for guideline recommendations. A 2014 study examined the enrollments of the 230 RCTs 

cited in the American College of Cardiology/American Heart Association 2009 Focused 

Update and the 2005 Guidelines for the Diagnosis and Management of Heart Failure in 

Adults [35] and compared female representation in trials cited across atrial fibrillation and 

unstable angina/non–ST-segment elevation myocardial infarction guidelines [36]. Although 

the inclusion of women in HF trials had improved from the 1980s to 2000s, female 

representation was lowest in HF guideline citations at 29%, despite an estimated population 

prevalence of HF of 47%.

From this focus on guidelines, provocative associations between the composition of HF trial 

leadership and the inclusion of women as trial participants emerged. In an analysis of 118 

phase II-IV HF clinical trials published between January 2001 and December 2016, Reza et 

al. found that HF trial publications with a woman as first or senior author were associated 

with a higher proportion of women trial participants, and trial publications authored by a 

larger proportion of women enrolled higher proportions of women participants (r = 0.39, p < 

0.001) [37]. The proportion of women authors per trial was the only significant independent 

predictor of woman participant enrollment after adjusting for the number of participants, 
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number of sites, region of enrollment, funding mechanism, and trial intervention (β = 0.31, 

p < 0.001). This association between woman lead author and higher proportion of women 

enrollment was also demonstrated by Gong et al. [26], although their study included trials of 

coronary artery disease, vascular disease, and arrhythmia, as well.

4. Barriers to the enrollment of women in heart failure trials

Many sex- and gender-based barriers to the enrollment of women in HF trials have been 

suggested, but few have been rigorously studied. A subanalysis of the Scott et al. study 

exploring 5 trials with available screening data suggested that the lower number of women 

enrolled in these trials was predominantly a reflection of the lower number of women 

referred for participation screening [24]. These authors concluded that failure to screen 

an adequate number of potential women participants and address barriers to women’s 

enrollment are principal factors contributing to the underrepresentation of women in trials.

Whitelaw et al. conducted a systematic review of 317 HF RCTs published between January 

2000 and May 2019 in high impact journals to identify trial-level characteristics associated 

with the underrepresentation of women participants relative to the sex-specific distribution 

of HFrEF [38]. Nearly 75% of these HF trials under-enrolled women, as benchmarked by 

a threshold of <32% enrolled women subjects. Sex-related eligibility criteria; ambulatory 

recruitment; trial coordination in North America, Europe and Asia; drug and device/surgery 

interventions; and trial leadership by men were each independently associated with under-

enrollment of women participants. Harrison et al. retrospectively analyzed survey data 

from 97 women who were invited to participate in at least one of four HF studies but 

declined, and found that the four major deterrents to patients’ participation were (1) lack 

of interest, (2) lack of time, (3) poor health, and (4) travel burden [39]. There were 

no significant differences by gender in patient-dependent or study-dependent reasons for 

refusal. Furthermore, as women comprise a larger proportion of older patients with HF, 

non-inclusion of elderly participants may influence their enrollment.

In addition to these data from HF trials, poor awareness of heart failure, difficulty accessing 

study sites; family and child care responsibilities; financial, cultural and socioeconomic 

barriers; and concerns about participation risk have been hypothesized as obstacles to 

women’s participation in clinical trials [24]. Ambulatory women with heart failure are less 

likely to be referred for initial and follow-up cardiology consultations compared with men 

[40], leading to decreased access to heart failure investigators and clinical trials. A study 

of participation in cardiovascular trials revealed that women perceive a greater risk from 

clinical trial participation and are more reluctant to consider participation compared with 

men [41]. Women are more likely to seek external sources of input regarding decisions, 

to have their decisions influenced by others, and take more time to make decisions [42], 

characteristics which also impact willingness to participate.

A summary of patient- and trial-level barriers to the enrollment of women in clinical trials is 

shown in Fig. 1.
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5. Strategies to increase the enrollment of women in heart failure trials

Knowledge of these barriers provides opportunities for personalized and targeted trial-level 

and patient-level interventions throughout the clinical trial design, execution, and follow up 

processes.

First, women must be made aware of opportunities to participate in clinical trials and must 

better understand the process of clinical trial participation. Women utilize different decision-

making paradigms compared with men, and a personalized approach to education and 

consent may be needed. The efficacy of sex- and gender-specific trial enrollment materials 

incorporating psychological, socioeconomic, and cultural factors should be evaluated. 

Women must also have access to support for enrollment and participation, including 

resources for transportation to and from study sites and coverage for child and family 

care during trial visits. Recruitment of older patients has been shown to be associated with 

higher rates of enrollment of women [30], so particular assistance for elderly subjects should 

be incorporated. Almost as importantly, registries of women who decline participation in 

clinical trials should be maintained to identify driving factors regarding refusal decisions.

Innovative strategies to recruit and enroll women in cardiovascular clinical trials are 

evolving. Sisk et al. demonstrated successful enrollment of a gender and racially/ethnically 

diverse patient population into an RCT testing ambulatory HF care by using a culturally 

sensitive stepwise recruitment approach employed across different practice settings [43]. 

Their blueprint, incorporating language preferences, remuneration, transportation, and 

appropriate pre-enrollment education, can be tested as a scalable model for other HF trials. 

An industry-led initiative called Women Opt-In for Heart Research (WIN-Her; Boston 

Scientific Corporation, Marlborough, Massachusetts) is using qualitative and quantitative 

surveys to explore women’s attitudes toward participation in clinical trials. This feedback is 

being used to design sex- and gender-specific educational materials to support enrollment 

in the ASAP-TOO (ClinicalTrials.gov Identifier: NCT02928497) and MADIT S-ICD 

(ClinicalTrials.gov Identifier: NCT02787785) trials [29]. Direct-to-participant enrollment, 

digital recruitment and follow up, and community based participatory research structures 

are modern outreach techniques that may be effective for recruiting women and should be 

further studied. Best practices that result in the successful recruitment of a representative 

population of women should be disseminated among the HF trialist community.

Changes in clinical trial design have also been proposed as approaches to increase 

enrollment of women in HF trials. Sex-specific considerations that can be incorporated 

into statistical analysis plans include (1) powering trials to detect statistically significant 

sex and gender differences in safety and efficacy endpoints; (2) performing prespecified 

sex-based stratification analyses and adjusted analyses with an interaction term for sex; 

(3) enforcing gender parity of subject enrollment; (4) eliminating sex/gender-biased 

outcomes measurements; and (5) mandating sex-specific reporting of results. However, 

because of variations in disease prevalence, indications for intervention, and challenges 

in patient recruitment, there are no definitive FDA or NIH mandates regarding the 

design of cardiovascular clinical trials. Women enrolled in the PARAGON-HF (Prospective 

Comparison of Angiotensin Receptor Neprilysin Inhibitor with Angiotensin Receptor 
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Blocker Global Outcomes in Heart Failure and Preserved Left Ventricular Ejection Fraction) 

comprised 52% of the trial population, among the highest proportion of enrolled women 

in contemporary HF trials, and demonstrated a more favorable treatment effect in women 

in a prespecified subgroup analysis (rate ratio, 0.73 [95% CI, 0.59–0.90] in women; 1.03 

[95% CI, 0.84–1.25] in men; p interaction = 0.017) with the predominant attributable benefit 

due to a greater reduction in HF hospitalization [44,45]. A recent systematic review of 261 

primary HF RCTs published in nine high-impact journals from 2008 to 2017 demonstrated 

poor credibility and inconsistent claims of subgroup effects, indicating a persistent challenge 

in deriving accurate sex-specific conclusions from contemporary HF trials [46]. PARAGON-

HF exemplified the importance of incorporating sex stratification as a prespecified subgroup 

analysis and serves as an example for other large, multicenter HF clinical trials.

Importantly, as the number of woman clinical trial participants increases, we must ensure 

that trial populations accurately represent the composition and experience of real-world 

populations of women with HF. Strategies to accomplish this include (1) monitoring 

sex distribution during trial recruitment with built-in pauses to balance enrollments; 

(2) eliminating male-patterned inclusion and exclusion criteria; (3) incorporating female-

specific risk factors into inclusion criteria; (4) stratifying common inclusion and exclusion 

criteria that reflect biological sex differences, such as age at HF diagnosis, body size, 

estimated glomerular filtration rate, childbearing potential, and biomarkers, as examples; 

(5) separating reporting factors relating to sex from those relating to gender; and (6) 

expanding trial eligibility beyond binary sex/gender definitions [47]. In the first patient-

level comparison of trial and real-world patients with HF by sex, Greene et al. examined 

the characteristics of patients enrolled in the ASCEND-HF (Acute Study of Clinical 

Effectiveness of Nesiritide in Decompensated Heart Failure) trial with those enrolled in the 

Get With The Guidelines-Heart Failure (GWTG-HF) registry [48]. Compared with women 

patients enrolled in ASCEND-HF, women patients in GWTG-HF who met eligibility criteria 

to participate in ASCEND-HF had higher rates of 30-day readmission (p ≤ 0.02). The 

investigators also found that the sex distributions of participants during the transition from 

trial-eligible to trial-enrolled were distinctly different, suggesting that individual patient and 

local investigator decisions are particularly influential in the enrollment of women in clinical 

trials. Improving the representation of women in HF trials may require parallel efforts to 

ensure patient-level representativeness.

Finally, factors external to HF trial design and execution are also targets for 

improvement. Globalization of HF clinical research will require improvement in sex-specific 

epidemiological reporting of HF from regions outside Europe and North America [49]. 

Industry collaborations to develop sex-specific investigational devices may improve the 

enrollment of women in device and procedural trials, which have a particular paucity of 

women subjects [50]. While the causal relationship between HF trial authorship and number 

of women trial participants remains elusive, diversifying and increasing the number of 

HF trial recruiters and investigators is independently needed [37,51–53]. The FDA Office 

of Women’s Health provides a wealth of resources on recruiting and retaining women in 

clinical research [54], and engagement with these materials should be mandatory for HF 

clinical trialists and investigators.
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A summary of strategies to increase the enrollment of women in heart failure trials 

throughout the clinical trial lifespan is shown in Fig. 2.

6. Conclusions

Heart failure remains a leading cause of morbidity and mortality worldwide, and nearly half 

of adults with HF in the U.S. are women. Despite the urgent need to generate high-quality, 

generalizable evidence to guide HF practice, women remain underrepresented in HF clinical 

trials, with little improvement over the last three decades. Several predictors of greater trial 

participation by women — such as older age at enrollment, trial funding from government 

sources, and woman trial leadership — have been identified; however, these associations 

require further studies. Sex- and gender-based enrollment barriers persist throughout the 

clinical trial lifespan, and directed trial-level and patient-level interventions to rectify these 

disparities are needed. Multisector collaborations among federal, academic, community, and 

industry partners should be leveraged to close these gaps and optimize HF care for all.
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Abbreviations:

DNA deoxyribonucleic acid

FDA Food and Drug Administration

HF heart failure

HFpEF heart failure with preserved ejection fraction

HFrEF heart failure with reduced ejection fraction

NHLBI National Heart, Lung, and Blood Institute

NIH National Institutes of Health

PPR participation to prevalence ratio

RCTs randomized controlled trials

U.S. United States
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Fig. 1. 
Patient- and trial-level barriers to the enrollment of women in heart failure clinical trials.
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Fig. 2. 
Strategies to increase the enrollment of women in the heart failure trials throughout the 

clinical trial lifespan. Individual strategies are illustrated spanning across the central steps of 

a clinical trial where applicable.
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