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Representation of Women in Randomized Clinical Trials of
Cardiovascular Disease Prevention

Chiara Melloni, MD, MHS; Jeffrey S. Berger, MD, MS; Tracy Y. Wang, MD, MS; Funda Gunes, MS;
Amanda Stebbins, MS; Karen S. Pieper, MS; Rowena J. Dolor, MD, MHS; Pamela S. Douglas, MD;
Daniel B. Mark, MD, MPH; L. Kristin Newby, MD, MHS

Background—The 2007 American Heart Association guidelines for cardiovascular disease prevention in women drew
heavily on results from randomized clinical trials; however, representation of women in trials of cardiovascular disease
prevention has not been systematically assessed.

Methods and Results—We abstracted 156 randomized clinical trials cited by the 2007 women’s prevention guidelines to
determine female representation over time and by clinical indication, prevention type, location of trial conduct, and
funding source. Both women and men were represented in 135 of 156 (86.5%) trials; 20 trials enrolled only men; 1
enrolled only women. Among all trials, the proportion of women increased significantly over time, from 9% in 1970
to 41% in 2006. Considering only trials that enrolled both women and men, female enrollment was 18% in 1970 and
increased to 34% in 2006. Female representation was higher in international versus United States—only trials (32.7%
versus 26.7%) and primary versus secondary prevention trials (42.6% versus 26.6%). Female enrollment was
comparable in government/foundation-funded versus industry-funded trials (31.9% versus 31.5%). Representation of
women was highest among trials in hypertension (44%), diabetes (40%), and stroke (38%) and lowest for heart failure
(29%), coronary artery disease (25%), and hyperlipidemia (28%). By contrast, women accounted for 53% of all
individuals with hypertension, 50% with diabetes, 51% with heart failure, 49% with hyperlipidemia, and 46% with
coronary artery disease. Sex-specific results were discussed in only 31% of primary trial publications.

Conclusions—Enrollment of women in randomized clinical trials has increased over time but remains low relative to their
overall representation in disease populations. Efforts are needed to reach a level of representation that is adequate to
ensure evidence-based sex-specific recommendations. (Circ Cardiovasc Qual Outcomes. 2010;3:00-00.)
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ardiovascular disease (CVD) is the primary cause of
death among women.! With increasing recognition of
the importance of heart disease in women, interest in and
emphasis on research concerning women and heart disease
have grown substantially.?* Despite this, there remains a
concerning gap in the knowledge, understanding, and general
awareness of CVD in women. Evidence-based medicine for
the prevention and treatment of CVD is guided largely by the
results of randomized clinical trials (RCTs). The generaliz-
ability of clinical trial results to both women and men
depends on the conduct of clinical trials that have sufficient
representation of both sexes. Previous analyses have high-
lighted underrepresentation of women in cardiovascular clin-
ical trials.*-¢ The demonstration by many studies of a
sex-specific response to certain cardiovascular therapies un-
derscores the importance of adequate representation of
women in clinical trials populations.*7-°
The American Heart Association (AHA) 2007 update of
the guidelines for CVD prevention in women drew heavily
on the results of RCTs.'° However, representation of women
in the clinical trials on which these guidelines were based has

not been systematically assessed. Therefore, we performed a
systematic review of all RCTs used to support the AHA
guidelines recommendations for CVD prevention in women
to determine the overall representation of women in these
trials and temporal trends in inclusion of women in CVD
prevention trials.

Methods

Source of Data and Study Selection

Three of the authors (C.M., T.Y.W., J.S.B.) independently reviewed
all RCTs listed in both the evidence tables used to build the updated
AHA guidelines for CVD prevention in women and the evidence
tables in the document.'® Information available in the evidence tables
included the name of the trial, year of publication, mean age for the
entire patient population, total number of patients enrolled, number
of women, therapeutic class, clinical indication, and prevention type
(primary or secondary). The reviewers searched for the original
articles and abstracted additional information including source of
funding, locations in which the trials were conducted, and presence
of specific results on women (sex-specific reporting) in the trial.
Detailed standardized definitions for data collection were approved by
the 3 reviewers, and an Access database (Microsoft Corp) was devel-
oped for collection of this information. Secondary analyses of RCTs
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WHAT IS KNOWN

® Women are underrepresented in cardiovascular clin-
ical trials.

WHAT THE STUDY ADDS

® Recent guidelines for cardiovascular disease preven-
tion in women are based on studies in which women
represented only one third of the population.

® Enrollment of women in randomized clinical trials
has increased during the past 4 decades.

® The proportion of women in randomized clinical
trials remains much lower than the proportion of
women in the diseased population.

® Specific reasons of low enrollment are hard to
define.

® Producing and assessing adequate evidence in
women requires specific requirements in trial design
such as power calculation adjustment by sex, sex-
based stratification, and reporting sex-specific re-
sults in publications.

(n=32) were excluded from the current analysis to prevent duplicate
counting of the participants. Of the initial 188 citations reviewed in the
AHA guidelines, our study included 156 unique RCTs.

Categorization of RCTs

RCTs were categorized by year of publication, therapeutic class of
intervention (aspirin for prevention and antiplatelet therapy, aldoste-
rone, [3-blocker, angiotensin-converting enzyme inhibitors and an-
giotensin receptor blocker therapy, lipid-lowering therapy [statins
and nonstatins], diabetes mellitus medication, and antioxidant ther-
apy/vitamin supplementation), clinical indication (coronary artery
disease [CAD], heart failure, hyperlipidemia, hypertension, diabetes
mellitus, stroke), prevention type (primary, secondary, or both), trial
location (United States only, international, or both), and funding
source (industry or government/foundation).

Data Analysis

General characteristics of RCTs enrolling both women and men were
reported in 6 areas of interest (Table 1). Each factor was reported by
the number of trials reporting the information and the total number
of subjects from whom the information was collected, highlighting
the total number of women and then the estimated percentage of
women for each characteristic. The factors of interest were the
timing of each trial (based on publication year), therapeutic class,
clinical indication, prevention type, trial location, and funding
source. Unadjusted generalized linear modeling was used to report
the estimated percentage of women expected in each category.
Overall differences in subgroups are also reported using generalized
linear modeling. The above categories were chosen upfront, and all
subgroup comparisons were preplanned. Because of the very large
samples sizes that would result in even minor differences attaining
conventional statistical significance, we do not show probability
values but rather present data for these comparisons descriptively for
interpretation in the context of clinical relevance.

The relationship between the number of women enrolled in the
RCTs (grouped into 2 categories—CAD trials and all other RCTs)
and the mean age of the patient population was explored. For
plotting, the number of women enrolled was reported in quintiles on
the x axis and the mean age (with standard deviation) of each quintile

Table 1. General Characteristics of RCTs

No. of  Overall No. of  Women,
Trials  Population Women %*

Publication year

1970-1974 2 1214 221 18.2
1975-1979 3 6998 1857  26.5
1980-1984 9 16 818 2604 155
1985-1989 8 58836 17442 296
1990-1994 16 27 380 9722 355
1995-1999 34 190958 57907 30.3
2000-2006 63 329940 155772 344
Therapeutic class
Other 9 47350 23106 23.2

Angiotensin-converting enzyme 30 234028 72084 308
inhibitor/angiotensin

receptor blocker

Aspirin for prevention 3 25320 12 391 48.9
Aldosterone antagonist 2 8295 2364 285
Antiplatelet for coronary 21 97 893 26064 278

artery disease
(secondary prevention)

B-Blockers 25 84930 30256 35.6
Diabetes mellitus medication 10 9645 3755 389
Lipid-lowering agent, nonstatins 9 4047 1518 375
Lipid-lowering agent, statins 18 73693 19837 269
Antioxidants/vitamins 14 51 041 11832 232
Clinical indication
Other 1 4495 2583  57.7
CAD 74 311775 76868 247
Heart failure 14 46280 13205 285
Diabetes mellitus 7 10 234 4066  39.7
Hyperlipidemia 13 50599 14104 279
Hypertension 25 205 081 91002 444
Stroke 1 3680 1379 375
Prevention type
Primary 18 87886 37465 426
Secondary 98 391495 104237 26.6
Both 19 152763 61505 403
Location
United States only 18 45148 12066 26.7
International 91 293 441 96094  32.7
Both 26 293555 95047 324
Funding source
Government/foundation 47 169309 54016 319
Industry 64 423047 133227 315
Not reported 24 39788 15964  40.1

RCTs enrolled both women and men (n=135).
*Unadjusted estimated percentages.

was reported on the y axis. The standard deviation of the mean age
in each individual trial was not recorded; hence the standard
deviation reported here reflects the deviation from the mean of the
individual mean ages reported for each trial. To take into account
that trials had different sample sizes, the means were weighted by the
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Figure 1. Unadjusted rates of female enroliment in
randomized clinical trials by year of publication of
trial results. Trials that enrolled only men or only
women are excluded.
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total number of subjects enrolled in the individual trials over the total
number of individuals reported on in each quintile.

Trends over time were displayed overall and by prevention type,
trial location, funding source, and sex-specific reporting.

The independent associations of age, year of publication, thera-
peutic class, clinical indication, prevention type, trial location, and
funding source with proportion of women enrolled in RCTs were
estimated using multivariable generalized linear modeling. To do
this, the SAS GENMOD procedure was used with sex as the
outcome of interest, a logit link function assumed, and study
included as a fixed effect. The candidate variables chosen were based
on previous studies and clinical input.

Finally, the proportions of women enrolled in CAD, heart failure,
hypertension, hyperlipidemia, and diabetes trials were compared
with the proportions of women represented in the general popula-
tions with each of these diseases (data obtained from the AHA Heart
Disease and Stroke Statistics, 2008).! The proportion of women
among those who died from each of these diseases was also provided
for context.!

All statistical tests were 2-sided and considered significant at
P<0.05. No adjustments were made for multiple comparisons.
Data analysis was performed using SAS version 8.2 (SAS
Institute, Cary, NC).

Results

Clinical Trials

Overall, 156 trials were analyzed. Both women and men were
represented in 135 of 156 (86.5%) trials; 20 enrolled only
men and 1 enrolled only women. Of the 135 trials enrolling
both men and women, the majority were performed in
patients with CAD (n="74), followed by hypertension (n=25)
and heart failure (n=14). Secondary prevention trials (n=98)
were more frequent than primary prevention trials (n=18),
and the distribution by location of enrollment was as follows:
United States only (n=18), international (n=91), and both
US and international enrollment (n=26) (Table 1).

Representation of Women in RCTs
Among the overall 801 198 patients enrolled in these 156
trials, 245525 (30.6%) were women. Representation of
women overall increased from 9% in 1970 to 41% in 2006.
After excluding single-sex trials (n=21; 20 men-only, 1
women-only), the statistical significance of this finding re-
mained (18% in 1970 to 34.4% in 2006) (Figure 1).
Considering RCTs enrolling both sexes, trials performed
internationally enrolled more women than those performed in

the United States only (32.7% versus 26.7%), and primary
prevention trials enrolled more women than secondary pre-
vention trials (42.6% versus 26.6%). The percentage of
women enrolled in government/foundation-funded trials
compared with industry-funded trials was comparable (31.9%
versus 31.5%). A significant trend for increasing enrollment
of women was observed within each category except for trials
conducted in the United States only (Figure 2, A through C).

Enrollment of women differed by therapeutic class. Rates
of female enrollment were highest in trials of aspirin (49%),
diabetes mellitus medications (39%), or lipid-lowering
agents/nonstatins (38%) and lowest for antiplatelet in second-
ary prevention (28%), statins (27%), and vitamins/antioxi-
dants (23%) (Table 1). Enrollment of women also varied by
clinical indication, with higher enrollment in hypertension
(44%), diabetes (40%), and stroke (38%) trials and lower
enrollment in trials of heart failure (29%), CAD (25%), and
hyperlipidemia (28%) (Figure 3). The number of women
enrolled in RCTs differed across trial mean age categories.
There was a skew toward greater mean age in the quintiles of
higher proportions of women enrolled (4th and 5th quintiles),
but there was no such pattern observed for non-CAD indica-
tion trials (Figure 4).

In multivariable analysis including prevention type (pri-
mary, secondary, or both), therapeutic class (angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers,
aspirin prevention, aldosterone, antiplatelet agents,
B-blockers, diabetes mellitus medication, lipid-lowering
agents [statins and nonstatins], antioxidants, and vitamins),
clinical indication (CAD, heart failure, diabetes, hyperlip-
idemia, hypertension, or stroke), type of funding (govern-
ment/foundation, industry, or not recorded), location of
enrollment (US, international, or both), age, and year of
the trial population, all variables were independently
associated with the proportion of women enrolled in the
trials (Table 2).

Inclusion of Women in RCTs Relative to
Representation in the Disease Population
Figure 5 displays the representation of women within the
trials examined in this study compared with their repre-
sentation in the general population within major disease
groupings (CAD, heart failure, diabetes, hyperlipidemia, and
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Figure 2. Unadjusted rates of female
enrollment by publication year of women
in primary and secondary prevention trials
(A); in government/foundation-funded and
industry-funded trials (B); and in United
States-only and international trials (C).
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hypertension). In addition, the proportions of all deaths
accounted for by women within each disease grouping are
shown. Women were enrolled in trials testing therapies for
specific disease indications in lower proportions than their
representation in the populations suffering from each major
disease. Similarly, in contrast to their representation in
clinical trials, the proportion of deaths within each disease
state that were accounted for by women (50% to 60%) was
substantially higher than their clinical trial representation.

2000-06
23 (Gov./Found.)
29 (Industry)

-
L3

2000-06
4 (US only)
41 (International)

Sex-Specific Results Reporting

Sex-specific reporting of results in the main trial publications
was available in approximately one third of the studies. There
was no change in sex-specific reporting of results over time
(Figure 6).

Discussion
Overall, we found that women represented only 30% of
patients enrolled in the clinical trials used to support the 2007
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Figure 3. Percentage of women enrolled in randomized clinical trials overall and by clinical indication.

AHA guidelines for CVD prevention in women. Enrollment
of women varied substantially depending on clinical indica-
tion, prevention type, and geographic location of the conduct
of the study and was significantly lower than their repre-
sentation in the general populations with diseases for which
specific therapies would be targeted. Further, only about one
third of the trials specifically reported results for women and
men by subgroup.

Overall Representation of Women in Randomized
Clinical Studies

After increasing awareness of the importance of appropriate
representation of women in clinical trials, in 1993, the
National Institutes of Health Revitalization Act legally re-
quired inclusion of women and men in clinical trials consis-
tent with the known sex-related prevalence of the disease
under investigation to provide appropriate data on the effi-
cacy of treatments for both women and men.!"-'? Despite the
release of these guidelines, the increase in the proportion of
women enrolled in National Heart, Lung, and Blood Institute

studies several years later was much less than expected, and
the positive trend observed was driven primarily by 2 large,
single-sex studies of women (the Women’s Health Initiative
and Women’s Health Study).® In our analysis, we show that
the current guidelines for CVD prevention in women were
formulated based on trial data in which female representation
was only 30% overall. Whether this is sufficient support for
guidelines in women is unknown.

Female representation was higher in primary prevention
trials and in studies conducted internationally only but was
similar in trials funded by industry and government/founda-
tion sources. Although European authorities have not yet
released guidance on sex-specific trial representation, we
found a higher proportion of women in international trials
than in US-only trials.!3> These observations suggest that
female representation in clinical trials does not necessarily
correlate with the existence of specific legislation or policy
on women’s representation.

Because it is unclear whether single factors drive their
inclusion (we showed significant relationships with all factors

80
Non-CAD Trials

60 1-

Mean Age (years)
FN
o

20 1-

Quintile

CAD Trials

Figure 4. Number of women enrolled by mean
age of patient population in randomized clinical
trials grouped into 2 categories: CAD trials and
all other RCTs (non-CAD trials). The quintiles of
women enrolled in RCTs are as follows: 20th
percentile: RCT enrolled <108 women; 20th to
40th percentile: RCT enrolled 108 to 284
women; 40th to 60th percentile: RCT enrolled
284 to 590.5 women; 60th to 80th percentile:
RCT enrolled 590.5 to 2456 women; 80th to
100th percentile: RCT enrolled >2456 women.
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Table 2. Factors Associated With Enroliment of Women
in RCTs

Predicting Factors Estimate SE af i P Value
Age 2 45402.65 <0.0001
Linear term —0.2433 0.0055
Square term 0.0024 0
Publication year 0.0091 0.0008 1 139.56 <0.0001
Therapeutic class 9 2756.53 <0.0001
ACE/ARB 0.0537 0.0154 12.13 0.0005
ASA prevention 0.3412 0.0237 207.47 <0.0001
Aldosterone antagonist 0.0822 0.0320 6.59 0.0103
Antiplatelet for CAD 0.2192 0.0161 184.77 <0.0001
B-Blockers 0.3423 0.0197 302.32 <0.0001
DM medication —0.2047 0.0740 7.65 0.0057
LL nonstatins 0.7099 0.0424 280.73 <0.0001
LL statins -0.4171 0.0198 442.09 <0.0001
Other 0.3374 0.0198 289.44 <0.0001
Antioxidants/vitamins 0 0.0000 . .
Clinical indication 5 3429.82 <0.0001
CAD —0.6095 0.0368 274.58 <0.0001
CHF —0.6078 0.0396 235.34  <0.0001
Diabetes mellitus 0.1778 0.0800 4.94 0.0263
Hyperlipidemia 0.0062 0.0415 0.02 0.8804
Hypertension —0.162  0.0389 17.34  <0.0001
Other —5.7591  0.1789 1036.12  <0.0001
Stroke 0 0.0000 . .
Prevention type 2 1135.97 <0.0001
Both 0.2185 0.0093 554.34  <0.0001
Primary 0.4042 0.0129 982.96 <0.0001
Secondary 0 0.0000 . .
Location 2 204.64 <0.0001
Both 0.219  0.0154 202.61 <0.0001
International 0.1791  0.0145 153.4  <0.0001
United States 0 0.0000 . .
Funding source 2 1071.83 <0.0001
Government/foundation —0.4407 0.0154 823.66 <0.0001
Industry —0.2329 0.0140 278.29 <0.0001
Not recorded 0 0.0000

ACE indicates angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker; ARB, angiotensin receptor blocker; ASA, aspirin; CHF, congestive heart
failure; DM, diabetes mellitus; and LL, lipid-lowering.

examined), specific actions to address underrepresentation of
women will be difficult to implement until further study has
been completed. We showed that enrollment of women
differed based on clinical indication; in particular, the pro-
portion of women was higher in hypertension and diabetes
trials compared with heart failure and CAD trials. The fact
that women were more likely to be included in primary
prevention than in secondary prevention trials could suggest
a number of possible explanations: that higher-risk women
could be less willing to participate in trials, that physicians
may have biases in screening them for inclusion, or that there
are other social or medical reasons that make their participa-

tion challenging. Indeed, previous studies showed that
women perceiving greater risk of harm or being less aware of
cardiovascular risk factors were less willing to participate in
clinical trials.'#-'¢ In one study, among hospitalized patients
approached for participation in cardiovascular trials, there
was no difference in patient refusal rate by sex, but the type
of trial was significantly associated with enrollment, with
higher-acuity trials having higher rates of refusal.!”

Other possible explanations for the lower proportion of
women enrolled in clinical trials could include the presence
of specific exclusion criteria such as older age and child-
bearing potential. In addition, CVD affects women later in
life, and so, particularly in earlier trials with age cutoffs that
excluded the elderly, women may have been more likely to be
excluded than men.*'8 The above speculation is also sup-
ported by our results suggesting that when the mean age of
the CAD trial population was above 60 years, the proportion
of women enrolled was higher, but no such pattern was
observed in trials of non-CAD diseases in which onset is
earlier.

Inclusion of Women Relative to Representation in
Affected Patient Populations

Studies investigating female enrollment have noted that
women as well as the elderly remain largely underrepresented
both in US and international cardiovascular clinical trials
relative to their representation in disease populations.*!8
Similarly, a recent analysis demonstrated that cardiovascular
studies used by the Centers for Medicaid and Medicare
Services for coverage determination did not include women
and the elderly in proportions consistent with their prevalence
in the Medicare population.'® Our data support the finding
that the proportion of women enrolled in RCTs continues to
inadequately reflect their representation in the disease popu-
lations being treated. We also show that women account for
at least half of the deaths in the affected patient populations
studied—a proportion that is strikingly higher than their
representation in the trials supporting the guidelines—thereby
underscoring the importance of having adequate representa-
tion of women in clinical trials to solidify the evidence base
supporting practice guidelines. Without this evidence, we
cannot fully understand and address the implications of
potential sex-specific responses to cardiovascular therapies
and improve cardiovascular outcomes in women.

Time Trends in Reporting Sex-Specific Results

In this analysis, we also showed that differences in treatment
effect by sex were not commonly presented in the literature
and that this practice has not changed over time despite
federal legislation'!-'2 and national calls for such analyses.?°
The Food and Drug Administration recently embarked on a
bioinformatics modernization effort that will help to track
female participation in clinical trials and assess the safety and
effectiveness of new drugs to detect sex differences, if any.?!
Notably, 13% of the studies on which the CVD prevention
guidelines for women were based had all-male study popu-
lations. Although there are no compelling reasons to believe
that the treatments studied in these trials would necessarily
behave differently in women than in men, sex-specific
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Figure 5. Proportion of women in RCTs compared with the proportion of women among the population with a given disease and pro-
portion of women among deaths attributable to the disease. The upper 95th percentile of the confidence interval for the proportion of
women in RCTs is shown by the whisker. Hyperlipidemia is defined as low-density lipoprotein cholesterol >130 mg/dL. Proportion of
women among deaths not reported in Heart and Stroke Report statistics.

differences in the pathophysiology of CVD, in baseline
characteristics, and in response to treatment might affect
direct translation of these results from men to women.23 One
important example is the consideration of medication dosing
according to body weight and renal function and use in
accordance with underlying risk profile that may alter the
risk-benefit ratio of a given therapy.*#??> Methodological
approaches to help support the generalizability of clinical trial
results to both sexes—such as power calculation adjustment
by sex or sex-based stratification—should also be considered
in clinical trial design.

Limitations

Because our intent was to study individual RCTs and their
inclusion of women as the strongest foundation of evidence
supporting treatment, meta-analyses and cohort studies in-
cluded in the evidence tables of the AHA prevention guide-
lines for women were excluded from this analysis. Overall,
female representation in cohort studies supporting the guide-
lines for CVD prevention may be higher than in RCTs, but
inherent biases arising from study design and biases in patient
selection for treatment in these nonrandomized comparisons
limit the strength of evidence that can be derived from them.
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Figure 6. Trend over time of sex-specific reporting in RCTs.
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Thus, we thought that a focus on inclusion of women in RCTs
was of primary importance to understand and improve rep-
resentation of women in the foundation of evidence support-
ing their treatment.

Conclusion

Overall, women represented 30% of patients enrolled in
RCTs supporting the 2007 AHA guidelines for CVD preven-
tion in women. The proportion of women in RCTs differed by
clinical indication, prevention type, and location of trial
conduct. Only one third of the trials specifically reported
results for women. Although enrollment of women has
increased over time, their inclusion in RCTs remains low
relative to their representation in affected patient populations.
Causes of low female enrollment are difficult to ascertain,
thus undermining attempts to develop specific corrective
actions. In addition to further study to discern the underpin-
nings of and obviate disparities in female representation in
clinical trials, a plan for adequate representation of women
and reporting of sex-specific results should be a key require-
ment in the design and publication of RCTs that will serve as
part of the evidence base for treatment recommendations.
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