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Women in Cardiovascular Clinical TrialsdWhat Are the
Barriers to Address to Improve Enrollment?
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Although the prevalence of cardiovascular disease (CVD)
among women is similar to that of men, women have been
historically under-represented in clinical trials. This under-
representation represents a barrier in the application of
treatments to women, and likely continues to contribute to
the knowledge gaps in the understanding and treatment of
CVD in women. Indeed, contemporary data show increasing
rates of hospitalizations for acute myocardial infarction
(AMI)1 and stagnation of cardiovascular mortality in women
younger than 50 years,2 suggesting that persistent hurdles in
diagnosis, treatment, and care of women still exist today.
Have We Made Progress?
Past calls to action led to a required inclusion of women in

studies funded by the USNational Institutes of Health, enacted
into policy in 1993. It is therefore imperative to question
whether inclusion of women in trials has improved over time.
In this issue of the Canadian Journal of Cardiology, a systematic
review entitled “Temporal trends of women enrollment in
major cardiovascular randomized clinical trials” by Gong et al.
addresses this question.3 The authors identified 598 trials
published in 3 selected high-impact journals between 1986 and
2015, and reported that enrollment of women in randomized
trials in CVD increased from 21% between 1986 and 1990 to
33% between 2011 and 2015. Women were enrolled at a
relatively lower rate in procedural trials, in which only 26% of
participants were women, as compared with device trials, in
which women represented 29% of those enrolled. Female
enrollment was highest in pharmacological trials, but women
still made up a smaller percentage of participants, representing
only 31% of those enrolled. Furthermore, the authors report
that trials with a female corresponding or first author had a
significantly higher proportion of women enrolled (32.0% vs
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27.0%, compared with trials with male corresponding or first
author, respectively, P ¼ 0.004). Although limited to 3 major
scientific journals, this study suggests that some progress to-
ward representative inclusion of women has beenmade in CVD
trials, however it has been limited, suggesting that policy alone
is insufficient. A better understanding of the barriers to
recruitment of women into trials is needed.
Why Are Women Underenrolled?
A potential contributor to underenrollment is trial inclusion

and exclusion criteria that disproportionately exclude women.
Differences in clinical features at presentation with coronary
artery disease (CAD) including advanced age and diabetes
might reduce enrollment of women in clinical trials and ac-
count for under-representation in trials, which most often re-
cruit younger patients with fewer comorbidities.4 In
pharmacological trials, in which women are best represented,
female participation with respect to disease prevalence in
women is variable.4 In 36 drug approvals conducted by the US
Food and Drug Administration from 2005 to 2015, sex rep-
resentation with regard to disease prevalence was within or
above expected for pulmonary hypertension, atrial fibrillation,
and hypertension, but below expected for CAD, heart failure,
and acute coronary syndrome.4 Although AMI is more preva-
lent in men,5 some of this difference is because of the long-
standing use of male-standard biomarker thresholds, which fail
to detect 1 in 5 AMIs in women,6 rendering women less likely
to be eligible for acute coronary syndrome and AMI studies.
We have previously called attention to the sex, death, and
diagnosis gapdalthough an equal number of women and men
now die of CVD, fewer women receive a CVD diagnosis before
death using male standard thresholds of symptoms, electro-
cardiogram, and biomarkers.7 Enrollment in clinical trials
proportional to accurately determined disease prevalence
should be a primary objective in cardiovascular clinical trials.
Furthermore, improving the proportion of female participants
will improve power of analysis in the assessment of the risks and
benefits of study treatments in women. Although favourable for
women in some disease populations, the improvement of in-
clusion/exclusion criteria to include female-specific disease
features could help improve representation in others.
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Figure 1. Barriers and solutions to improve enrollment of women in
cardiovascular disease (CVD) clinical trials. Data from Gong et al.3
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Lower rates of use of interventional therapies in women in
clinical practice might result in fewer women referred for trial
screening.4 This might account for the observed trend of
declining numbers of women enrolled from pharmacological
trials to CAD to devices trials, where women are most under-
represented. Arrhythmia device trials have been documented to
underenroll women because of the male standard thresholds
including QRS and body surface area measures that exclude
women.8 Further examples include ischemic heart disease trials
in which women have lower prevalence of obstructive CAD, an
entry criteria for these trials.9 Gong et al. report that under-
enrollment was highest in heart failure trials (28%),3 in which
women represent a large proportion of patients, which might
be explained by a reduced ejection fraction (heart failure with
reduced ejection fraction) criterion, whereas women more
often have heart failure with preserved ejection fraction.10

Also, eligible women might be less often approached to
participate. Previous work suggests implicit bias, where
perceived cardiovascular risk burden is lower compared with
actual risk in women,11 with perceived risk attributed to body
weight rather than evaluation of risk factors of greater prog-
nostic significance.12 Implicit bias can lead to inaccurate risk
assessment in women, and consequently a reduction in
women deemed eligible for trial participation.

Finally, women who are screened and meet criteria might
not be enrolled in the trial. In an analysis conducted on
screening logs of 15 major CVD trials, Martin et al. report
that age and female sex were associated with subsequent
nonenrollment after screening.13 This is puzzling, because
contemporary women-only studies (Women’s Ischemia Syn-
drome Evaluation [WISE],14,15 Improve Diagnosis and
Treatment of Women With Angina Pectoris and Microvessel
Disease [i-POWER],16 Variation in Recovery: Role of Gender
on Outcomes of Young AMI Patients (VIRGO) female-
arm17) have enrolled on time as designed. Inspection of these
studies suggests that female inclusion criteria directed by fe-
male leadership, indicated by authorship might contribute to
successful female trial enrollment. The prospective VIRGO
study, which aimed to evaluate risk factor profiles in women
younger than 55 years who present with AMI, focused on
AMI in young and middle-aged subjects, and aimed for a 2:1
female to male recruitment ratio. A total of 2349 women were
included, who had higher rates of CVD risk factors, lower
quality of life, presentation and treatment delays, and higher
rates of depression than men.17 In this study, as well as
i-POWER and WISE, first authors were women, corrobo-
rating the findings of Gong et al.3 that studies with female first
authors and corresponding authors had a higher proportion of
female participants. Such studies with specific goals for the
enrollment of women have been successful.

What Can Be Done?
Gong et al. confirm that women continue to be under-

enrolled in CVD clinical trials, and future directions for iden-
tifying strategies for improvement is key. Previous work suggests
existing solutions that can be deployed to improve these issues
for women. AMI scores that include variables that differ ac-
cording to sex accurately predict risk in women compared with
scores without sex-specific variables that do not.18 The proper
identification of potential female-specific risk factors18 and
integration of these variables into study inclusion criteria might
increase the number of eligible women. The use of standardized
protocols for emergency triage and AMImanagement protocols
improve outcomes in women.19,20 Protocolized approaches to
ST-elevation AMI diagnosis and treatment lead to shorter first
medical contact-to-device and door-to-device times21 with a
resultant mortality reduction in women.20

The development of appropriately sized devices designed
with the generally smaller body surface areas of women could
lead to an increase in female participants. Although Gong et al.
report that women are most underenrolled in device trials,
women represent more than 50% of participants in landmark
transcatheter aortic valve replacement clinical trials,22 and
continue to represent more than half of subjects who undergo
transcatheter aortic valve replacement in international regis-
tries.22 Women are more often at higher surgical risk,22 driving
their eligibility for earlier trials conducted in nonoperable sub-
jects, possibly leading to appropriately sized and designed de-
vices given this consideration. Equal sex representation in device
trials is therefore possible when sex-related aspects of disease are
taken into account.

Increasing female leadership in cardiovascular clinical
research might represent an opportunity to increase research
in women with CVD and their participation in clinical trials.
As the findings of Gong et al. suggest, female investigators
recruit higher proportions of women, and they, along with
female research staff, might foster greater understanding
among potential female participants.3 Furthermore, women
represent a small proportion of interventional cardiologists,
which might contribute to lower rates of female recruitment
in trials, especially in device or procedural trials.23 Only 20%
of women in academic cardiology currently achieve leadership
positions,23 and better representation could help reduce the
gap in the recruitment of female trial participants.

A summary of the issues and possible solutions is provided in
Figure 1. Knowledge gaps remain and it is imperative that future
research aims at closing them. Specifically, further research is
needed to confirm and expand how the current CVD clinical
trial designs exclude women, and to test how integration of
female-specific scores, appropriate device-sizing, and female
investigator leadership might contribute to a greater enrollment
rate for women and close the sex, death, and gender gap in CVD



554 Canadian Journal of Cardiology
Volume 35 2019
trials. Women represent a social and economic driving force,
and developingmechanisms to improve equity inCVD research
for women should be a priority.
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