
Enrollment of women and minorities in
NINDS trials

J.F. Burke, MD
D.L. Brown, MD
L.D. Lisabeth, PhD
B.N. Sanchez, PhD
L.B. Morgenstern, MD

ABSTRACT

Objective: To determine policy-associated changes over time in 1) the enrollment of women and
minorities in National Institute of Neurological Disorders and Stroke (NINDS)–funded clinical trials
and 2) the trial publication reporting of race/ethnicity and gender.

Methods: All NINDS-funded phase III trials published between 1985 and 2008 were identified.
Percent of African Americans, Hispanic Americans, and women enrolled in the trials was calcu-
lated for those trials with available data. Z tests were used to compare reporting and enrollment
data from before (period 1) and after (period 2) 1995 when NIH enacted their policies regarding
race, ethnicity, and gender. Percent of main trial publications reporting enrollment of African
Americans, Hispanic Americans, and women was also calculated.

Results: Of the 56 trials identified, 100%, 48%, and 25% reported enrollment by gender, race,
and ethnicity. Women constituted 42.1% of the trial population. Enrollment of women increased
over time (36.9% period 1; 49.0% period 2, p � 0.001). African Americans constituted 19.8%
of the enrollees in trials with available data and enrollment increased over time (11.6% period 1;
30.7% period 2, p � 0.001). Hispanic Americans constituted 5.8% of subjects in trials with
available data and enrollment decreased over time (7.4% period 1; 5.0% period 2, p � 0.001).

Conclusions: Improvements in reporting of race/ethnicity in publications and enrollment of His-
panics in NINDS trials are needed. While African American representation is above population
levels, Hispanic Americans are underrepresented in NINDS trials and representation is declining
despite Hispanics’ increasing representation in the US population. Neurology® 2011;76:354–360

GLOSSARY
NINDS � National Institute of Neurological Disorders and Stroke.

Despite the increased burden of stroke in women and minorities1-4 and neurologic disease in
general in minorities,5-7 there are no data on enrollment of women and minorities specific to
trials in neurologic diseases. Historically, women and minorities have been underrepresented in
clinical trials.8,9 More recently, overall representation of women and African Americans, but
not Hispanic Americans, in NIH trials is improving.10 Despite overall improvement, underrep-
resentation of women and minorities persists in a number of disease states.9,11

Since the 1994 NIH Revitalization Act, NIH has mandated annual reporting of race, eth-
nicity, and gender by study investigators to NIH in the form of progress reports, but does not
mandate race and ethnicity reporting in primary publications.12 In addition, NIH created
standards for participation of women and minorities. These requirements vary based on pre-
trial evidence of differential treatment effects for subgroups. Prior studies have suggested that
this policy has changed neither the reporting of minority participation in primary publica-
tions13 nor participation of minorities in cancer or heart failure trials.9,11

The purpose of this study was to assess 1) the reporting of race, ethnicity, and gender in trial
publications and 2) the enrollment of women and minorities in NINDS-funded phase III
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clinical trials with published results. Repre-
sentation of women and minorities in stroke-
related trials was assessed separately to allow
for comparison with the relatively well-
described epidemiology of stroke.

METHODS NINDS phase III clinical trials were identified
using 2 mechanisms. First, trials completed before 2000 (n �

28, start dates between 1977 and 1998) were identified from a
previous publication.14 One trial was excluded because no associ-
ated publication could be identified. Second, trials completed
after 2000 (start dates between 1992 and 2004) were identified
through clinicaltrials.gov, using “NINDS” and “phase III” as
search criteria. This search identified 76 additional trials. Forty-
seven trials were excluded because they were ongoing (n � 36),
the primary publication indicated the trial was not phase III
(n � 6), the trial was prematurely terminated (n � 3), or no
associated publication could be identified (n � 2) at the time of
the search (October 2009). For included trials, whether any asso-
ciated publication reported information about race, ethnicity,
and gender was recorded. Next, for trials that reported race and
ethnicity, enrollment of African Americans, Hispanic Ameri-
cans, and women were abstracted from the publication. If the
data were not present in the primary publication, prior publica-
tions, such as methods papers, were used where available. If en-
rollment data were not identified through published literature,
we contacted the corresponding author of each primary trial
publication by e-mail. Three sequential methods were used to
identify e-mail addresses for the corresponding author: 1) the
primary publication was searched, 2) more recent publications
by that author were sought, and 3) a general Web search was
conducted. Through this approach, we identified corresponding
author e-mail addresses for 42/44 trials for which some enroll-
ment data were unavailable. After identifying an address, initial
e-mails were sent to all authors. If authors did not reply to the
initial e-mail, a second e-mail was sent 2 weeks later. We received
e-mail responses from 31/42 authors contacted within 2 weeks of
the second e-mail.

Data analysis. Reporting of gender and race/ethnicity infor-
mation in publications of included trials was summarized with
frequencies and percents. The percent of women and minorities
(i.e., African Americans and Hispanic Americans) enrolled was
calculated by summing the number of women or the number of
minorities and dividing by the total number of patients enrolled
in the trials. The percent of trials reporting gender and race/
ethnicity data and the percent of women, African Americans,
and Hispanic Americans from the trials were compared before
and after January 1, 1995 (period 1 vs period 2) with respect to
start date using binomial Z tests. This date was selected because
the initial NIH policy regarding enrollment of women and mi-
norities was published in 1994.12 Comparisons were repeated
excluding gender-specific (n � 5) and race-specific trials (n �

1). Finally, gender and race/ethnicity reporting and enrollment
calculations were repeated in the subset of trials that were stroke-
related. Stroke trials were defined as trials where the primary
intervention targeted stroke treatment, rehabilitation, or preven-
tion. Analyses were performed using R: A Language and Envi-
ronment for Statistical Computing (Vienna, Austria).

We performed a sensitivity analysis to assess the extent to
which lack of available race/ethnicity data for some trials could
affect the estimated minority enrollment across all trials. To do
this, we re-estimated the overall minority enrollment under a

range of assumed values of minority enrollment in the trials
without available data. The range of values included zero to dou-
ble the enrollment in the trials with available data.

RESULTS The 56 trials available for analysis in-
cluded a total of 42,388 subjects and addressed the
following conditions: stroke (n � 22), Parkinson
disease (n � 5), traumatic brain injury (n � 4),
epilepsy (n � 3), spinal cord injury (n � 3), car-
diac arrest (n � 3), multiple sclerosis (n � 3),
amyotrophic lateral sclerosis (n � 2), and other
conditions (n � 11) (table e-1 on the Neurology®

Web site at www.neurology.org). Thirty-one trials
began recruiting patients in period 1 and 25 in pe-
riod 2. Five trials exclusively recruited members of a
single gender, 4 of which only included women. Two
of these trials focused on pregnant women while as-
sessing fetal outcomes. One trial exclusively included
African Americans and there were no ethnicity-
specific trials. Unpublished enrollment data were ob-
tained directly from the trial investigators for 18
trials: race data only (n � 2), ethnicity data only
(n � 5), and both race and ethnicity data (n � 11).
Of the 13 other authors who responded, most re-
ported that race/ethnicity data were not available ei-
ther because they were not collected or because the
data were no longer available. Net enrollment of Af-
rican Americans (4.0% vs 22.0%, p � 0.001) and
Hispanics (3.4% vs 7.3%, p � 0.001) were lower in
trials where enrollment data were obtained through
author e-mail as opposed to trial publications.

Reporting and enrollment of women. Of the 56 trials
identified, all reported the number of women in-
cluded in the primary publication. Women consti-
tuted 42.1% of the entire trial population, which
decreased to 39.1% when the 5 gender-specific trials
were excluded (table 1). Women comprised 51% of
the US population in 2000.15 Enrollment of women
improved over time (36.9% period 1; 49.0% period
2, p � 0.001), a trend that persisted when gender-
specific trials were excluded (33.6% period 1; 42.6%
period 2, p � 0.001) (table 2).

African American reporting and enrollment. Most tri-
als (80.4%) reported at least some race information
in trial publications (table 1). This percentage did
not change over time (80.6% period 1; 80.0% period
2, p � 0.99) (table 2). Eighteen trials (32.1%) re-
ported race solely by dichotomizing between white
and nonwhite subjects, a proportion that did not
change over time (29.0% period 1; 36.0% period 2,
p � 0.79). Approximately half (48.2%) of trials re-
ported the number of African Americans participat-
ing. This proportion did not change over time
(51.6% period 1; 44.0% period 2, p � 0.77). Of
trials with available African American enrollment
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data, African Americans constituted 19.8% of the
entire trial population, and 14.5% if the single race-
specific trial was excluded. African American enroll-
ment increased over time (11.6% period 1; 18.9%
period 2, p � 0.001 excluding the race-specific trial).
Sensitivity analysis (figure) revealed that even if zero
African Americans were enrolled in trials without
available race data (n � 16), their trial representation
(13.5%) would be greater than their representation
in the US population in 2000 (12.9%).16

Hispanic American reporting and enrollment. A quar-
ter (25.0%) of trials reported the number of His-
panic American subjects in trial publications (table
1). This proportion did not change over time (table
2; 25.8% period 1; 24.0% period 2, p � 0.99). His-
panic Americans constituted 5.8% of the enrolled
population in trials with available ethnicity data.
This proportion decreased over time (7.4% period 1;
5.0% period 2, p � 0.001). In sensitivity analysis
(figure), even if the proportion of Hispanic Ameri-

cans enrolled in trials without available ethnicity data
were twice as high (11.7%) as in trials with available
data (5.8%), their overall trial representation (8.6%)
would fall far short of their representation in the US
population in 2000 (12.4%).16

Stroke trials. Stroke trials tended to be relatively large
trials; consequently, more patients were enrolled in
the 22 stroke-related trials (26,421; 62.3%) than in
the 34 non–stroke-related trials (15,967; 39.2%) (ta-
ble 3). African American race was reported in 68.2%
of stroke-related trial publications and Hispanic eth-
nicity in 22.7%. Women constituted 40.2% of the
stroke trial population and 38.7% of the population
of non–gender-specific trials. Of stroke trials with
available data, African Americans constituted 22.7%
and Hispanic Americans 5.0% of the population.

DISCUSSION This analysis of NINDS-funded
phase III studies demonstrates that reporting of race
and ethnicity information in trial publications has
been poor and furthermore has not improved since
the implementation of the NIH Revitalization Act.
In addition, while actual enrollment of women and
African Americans in NINDS trials has improved
over time, the poor enrollment of Hispanic Ameri-
cans in these trials has worsened with time. This is
consistent with general trends in NIH trial enroll-
ment where representation of women (58% of NIH
trial enrollees in 200710 vs 51% of the US popula-
tion16) and African Americans (13% of NIH trial en-
rollees in 200710 vs 14% of the US population16)
roughly parallels population representation, while
Hispanics (7% of NIH trial enrollees10 vs 15% of the
US population16) are underrepresented relative to
their population representation. This underrepresen-
tation has occurred while the Hispanic population

Table 1 Reporting and enrollment by race, ethnicity, and gender in NINDS-
funded phase III studies published from 1985–2008 with and
without specific race/gender enrollment criteria

All trials
(n � 56), n (%)

Trials without race/
gender restrictions
(n � 55 for race and
n � 51 for gender data), n (%)

Study subjects 42,388 36,908

Women enrolled 17,856 (42.1) 14,430 (39.1)

Any race data reported 45 (80.4) 44 (80.0)

African American enrollment reported 27 (48.2) 26 (47.3)

African Americans enrolled 5,735 (19.8) 3,926 (14.5)

Hispanic American enrollment reported 14 (25.0) 14 (25.0)

Hispanic Americans enrolled 1,321 (5.8) 1,321 (5.8)

Abbreviation: NINDS � National Institute of Neurological Disorders and Stroke.

Table 2 Comparison of enrollment and reporting of race, ethnicity, and gender in NINDS phase III trials
before and after January 1, 1995: all trials and those trials without specific race/gender
enrollment criteria

Including race/
gender-specific trials, n (%)

Excluding race/
gender-specific trials, n (%)

2000
Census

Before 1995
(n � 31)

After 1995
(n � 25) p

Before 1995
(n � 28)

After 1995
(n � 22) p

Study subjects 23,970 17,970 22,785 15,484

Women enrolled 8,835 (36.9) 9,021 (49.0) �0.001 7,650 (33.6) 6,780 (42.6) �0.001 50.9%

Any race data reported, trials 25 (80.6) 20 (80.0) �0.99 25 (80.6) 19 (79.2) �0.99

African American enrollment
reported, trials

16 (51.6) 11 (44.0) 0.77 16 (51.6) 10 (41.7) 0.65

African Americans enrolled 1,923 (11.6) 3,812 (30.7) �0.001 1,923 (11.6) 2,003 (18.9) �0.001 12.3%

Hispanic American enrollment
reported, trials

8 (25.8) 6 (24.0) �0.99 8 (25.8) 6 (24.0) �0.99

Hispanic Americans enrolled 578 (7.4) 743 (5.0) �0.001 578 (7.4) 743 (5.0) �0.001 12.5%

Abbreviation: NINDS � National Institute of Neurological Disorders and Stroke.
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has been rapidly growing,17 raising concerns about
the adequacy of measures to ensure Hispanic Ameri-
can participation and pointing to a potentially wors-
ening problem of generalizability of trial results to
this subgroup.

In spite of NIH mandates that trials track and
report the number of women and minority enrollees,

this information is frequently omitted from trial
publications; African American race was reported in
44% of trials and Hispanic ethnicity in 24% of trials
since 1995 in our sample. These omissions limit the
ability of readers of the medical literature to assess
whether results generalize to all racial or ethnic
groups and for researchers to generate and test hy-
potheses related to racial or ethnic differences in out-
comes. Limited reporting of race and ethnicity in
trial publications has been observed repeatedly.9,13,18

For older trials (period 1), it is unclear whether non-
reporting is a consequence of failure to collect race/
ethnicity data or a failure to report collected data in
trial publications. For more recent trials (period 2),
given the requirement to report race/ethnicity data to
NIH,12 it is most likely that these data were collected,
but not included in trial publications. Several expla-
nations have been posited to explain nonreporting,
such as reticence of subjects to disclose race/ethnic-
ity, lack of confidence in methods of ascertaining
race/ethnicity,13 or publication bias. Given that the
NIH Revitalization Act is well over a decade old, our
results are troubling, although it is possible that there
have been more recent improvements in reporting
and enrollment performance as we were not able to
separately analyze the impact of the 2001 policy
amendment19 because only 6 trials started enrollment
after 2001.

While African Americans have historically been
underrepresented in clinical trials, our analysis found
representation in trials (19.8%) greater than in the
US population (12.9%).16 Much of this overrepre-
sentation is attributable to a single large trial that
exclusively enrolled African Americans.20 If this trial
were excluded, African American representation
would fall to 14.5%. Overrepresentation may also be
due to the higher incidence of neurologic disorders
among African Americans.3,5-7 It appears that report-
ing bias explains some of the overrepresentation in
this sample, as trials reporting race information
through direct author correspondence had lower Af-
rican American enrollment (4.9%) than trials that
reported race in trial publications (22.0%). Nonethe-
less, if trials without available data had no African
American participants, African Americans would still
have constituted 13.5% of the study population.

While African American representation appears
to be adequate in NINDS trials, Hispanic Americans
appear to be underrepresented. Hispanic Americans
represented only 5.8% of the trial population com-
pared to 12.5% of the US population.16 The under-
representation of Hispanic Americans was also
identified in stroke trials, where Hispanic Americans
made up only 5.0% of the study population despite
the well-established increased stroke burden in this

Figure Sensitivity analysis

Results of one-way sensitivity analysis to assess the extent to which nonreporting of race/
ethnicity in some trials could affect the estimated minority enrollment across all National
Institute of Neurological Disorders and Stroke phase III trials. Assumed enrollment rates for
nonreporting trials are varied from 0% to 200% of the average enrollment of all trials that
reported race/ethnicity information. 1) The African American percentage of the population
as of the 2000 US census was 12.9%.24 2) The Hispanic percentage of the population as of
the 2000 US census was 12.5%.8

Table 3 Comparison of enrollment and
reporting of race, ethnicity, and
gender in stroke and non–stroke-
related NINDS phase III trials
published from 1985–2008

Nonstroke trials
(n � 34), n (%)

Stroke trials
(n � 22), n (%)

Patients 15,967 26,421

Women enrolled 7,232 (45.3) 10,624 (40.2)

Any race data reported,
trials

26 (76.5) 19 (86.4)

African American
enrollment
reported, trials

12 (35.3) 15 (68.2)

African Americans
enrolled

1,434 (17.5) 4,301 (20.7)

Hispanic American
enrollment
reported, trials

9 (26.5) 5 (22.7)

Hispanic Americans
enrolled

711 (6.9) 610 (5.0)

Abbreviation: NINDS � National Institute of Neurological
Disorders and Stroke.
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population.2,4 In spite of Hispanic American popula-
tion growth and the NIH policy, Hispanic American
enrollment declined over time. As Hispanic Ameri-
can ethnicity is known for only a subset of trials
(53.6%), definitive conclusions should not be drawn
about the appropriateness of representation in
NINDS trials. These conclusions should be further
tempered by the challenges of ethnicity classification in
general and the inconsistent ethnicity ascertainment
methods used in these trials.21 However, even if trials
without available Hispanic American enrollment data
enrolled twice the number of Hispanic Americans as
trials with available data, a highly unrealistic assump-
tion, Hispanic Americans would still have constituted
only 8.6% of the trial population. While a significant
body of literature has analyzed reasons for underrepre-
sentation of African Americans in clinical trials,22 there
has been less exploration of reasons for Hispanic Amer-
ican underrepresentation. Hispanic Americans appear
to be as likely or slightly more likely to participate in
clinical trials than non-Hispanic whites if given the op-
portunity.23 Also, a survey of Hispanic Americans
with cancer found that they are more interested in
learning about clinical trials than non-Hispanic
whites.24 Despite this willingness to participate, un-
derrepresentation of Hispanic Americans has been
repeatedly documented.9,11,25 Several hypotheses
have been postulated to explain this phenome-
non.11,26 For example, language barriers,27 potential
concerns about documentation status,28 and the geo-
graphic distribution of trial enrollment sites relative
to the Hispanic American population29 may be issues
in this subgroup. Unless measures are taken to in-
crease Hispanic American enrollment, the magni-
tude of underrepresentation will likely increase as the
Hispanic population is rapidly growing; Hispanic
Americans are estimated to make up 16% of the US
population in 2010 and 19% by 2020.17

The discordance between Hispanic American un-
derrepresentation and African American overrepre-
sentation in our series has not been reported in
disease-specific series,11,25 but is consistent with the
overall trend in NIH trial enrollment.10 There are
several potential explanations. First, the magnitude
of the difference is amplified by a single large race-
specific trial,20 which accounted for almost one-third
of enrolled African Americans. If this trial is ex-
cluded, overall African American representation falls
to 14.5% of enrollees. Second, this set of trials was
heavily weighted toward stroke trials (60.7% of all
enrollees were in stroke trials) and while both groups
have increased stroke incidence relative to non-
Hispanic whites, the increased risk is higher in Afri-
can Americans than in Hispanic Americans.2-4 The
high proportion of stroke trials may further contribute

to this difference as stroke incidence increases dramati-
cally with age1 and the Hispanic American population
in the United States is younger than the African Ameri-
can population as a whole.17 Finally, recent increased
awareness of cardiovascular disparities in African Amer-
icans compared to Hispanic Americans may have con-
tributed to this difference as our series included more
recent trials than previous series.11,25

Women have made up the majority of partici-
pants in NIH trials every year since 1995.10 This ef-
fect appears to be driven largely by gender-specific
trials. In National Heart, Lung and Blood Institute–
funded cardiovascular trials, women made up 54%
of the entire population, but only 38% of patients in
trials enrolling both women and men.30 Our results
found similar trends. While women were likely un-
derrepresented prior to 1995 (36.9% of enrollees),
representation improved after 1995 (49.0% of en-
rollees), an effect largely driven by gender-specific tri-
als; women made up 42.6% of the non–sex-specific
trial population. While overall enrollment of women
has improved, underrepresentation has persisted in a
number of specific disease states.9,11,18,31 Our findings
suggest that women are likely underrepresented in
stroke trials, constituting 37.8% of the participants
in trials enrolling both men and women. This level of
representation is likely attributable in part to age ef-
fects as stroke incidence is higher in men than
women in the younger cohorts participating in clini-
cal trials.31 However, age does not appear to completely
explain the lower proportion of women in these trials.
With the pragmatic assumption that gender-specific en-
rollment should roughly parallel stroke incidence in
that gender, the 37.8% participation proportion in
these trials would translate to a female/male enrollment
ratio of 0.6, a ratio lower than the female/male inci-
dence ratio in any age cohort.1

In the 15 years since implementation of the NIH
Revitalization Act, representation of women and Af-
rican Americans in clinical trials has improved signif-
icantly.10 Despite clear progress, underrepresentation
persists in a number of specific disease states,9,11,18,32 in-
cluding stroke and other neurologic diseases, as demon-
strated in the current analysis, particularly for Hispanic
Americans. Additional mechanisms to increase partici-
pation of women and minorities in trials may be neces-
sary. Currently, controlled data favoring specific
recruitment approaches are sparse and there are no data
specific to recruitment in neurologic disease.33 How-
ever, several promising tactics have generated higher lev-
els of minority recruitment. At the level of individual
trials, these tactics include actively targeting recruitment
to regions with racially and ethnically diverse popula-
tions,34 partnering with community and church-
based organizations,35 and minimizing logistical
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hurdles to participation that disproportionately af-
fect minorities.36 Improving disease-specific knowl-
edge37 and limiting trial exclusion criteria that may
differentially exclude minorities38 have also been sug-
gested as methods of increasing minority enrollment.
More policy-driven approaches may include mandating
that trials be designed to enroll population-
representative samples even when no clear differential
treatment effect exists and mandating reporting of the
enrolled number of women and minorities in primary
publications. Reporting could be similarly improved
through the efforts of standards organizations, such
as CONSORT, or organizations of journal editors39

who should consider the addition of race/ethnicity as
mandatory reporting requirements and the imposi-
tion of standardized race and ethnicity classifications
and means of ascertainment. While journal editors
have broadly accepted the importance of race/ethnic-
ity reporting, the challenges in measuring and classi-
fying race and ethnicity appear to be barriers to
adequate reporting.40
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Submit a Video to the 2011 Neuro Film Festival
The Neuro Film FestivalSM competition is returning in 2011 to help raise awareness about the need
for neurologic research into treatments and cures for brain disorders. Academy members, their
patients, and their caregivers are invited to submit a video up to five minutes long telling the story
about someone affected by a neurologic disorder. The Grand Prize is $1,000 and a trip to the 2011
Annual Meeting in Hawaii.

Learn more at www.neurofilmfestival.com. Help us show why more brain research is needed to find
cures. Deadline to enter: February 15, 2011.
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