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OPINION

Research communityneeds tobetter appreciate the
value of sex-based research
Nicole C. Woitowicha and Teresa K. Woodruffa,b,1

Twenty-five years ago, the National Institutes of Health
(NIH) Revitalization Act of 1993 mandated the inclusion
of women in clinical research (1), following decades of
misconceptions surrounding women’s health and re-
versing previous guidelines preventingwomen of child-
bearing age from participating in early-stage research
(2). Many of us held tight to the belief that this require-
ment would usher in a new era of discovery where
consideration of the female sex would become rou-
tine experimental practice both in the clinical and
basic sciences. Yet today, 25 years later, women remain

underrepresented as research subjects in the design
and development of novel therapeutics and technolo-
gies (3–6). Moreover, when women are included in
NIH-funded clinical research, there is often no attempt
to desegregate or analyze data by sex or gender, hin-
dering reproducibility and limiting the potential for sex-
specific discoveries and our knowledge about the influ-
ences of sex or gender on health and disease (7).

Survey data we’ve collected imply a further problem.
Our results suggest that nearly one-third of NIH study
section members do not think it is important to consider

Our survey results suggest many study section members do not think sex is an important part of experimental design,
sentiments that likely extend to the broader research community. Image credit: David Cutler (artist).
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biological sex as part of experimental design. This indi-
cates that, although in the minority, the “gate-keepers”
of federal funding do not recognize the importance of
sex-based research, and these sentiments likely extend
to the broader research community.

Sex Versus Gender
To fully understand the implications of sex and gen-
der, it’s important to outline their difference. Sex is a
biological attribute of cells or organisms, defined by
genetics, physiology, anatomy, and the hormonal
milieu. In the context of clinical studies, male physi-
ology differs from female physiology not only in the
reproductive tract but in the biology of every organ
system. Clinical studies that include both men and
women but do not analyze data accordingly ignore
the existence of potential sex differences (8). Gender,
however, is a social construct applicable to humans,
which defines the appearance, actions, thoughts, and
behaviors associated with the male or female sex and
varies depending on the cultural context. Only human
clinical research studies can analyze and report data by
both biological sex and self-reported gender. This is
important because gender plays a role in the psycho-
social and epidemiological determinants of health (8, 9).

Equally relevant to clinical research and human
health are the developments and discoveries that take
place in basic science laboratories using cells and
model organisms. Unfortunately, the issue of female
animals and cells was not considered in 1993, and
today the paucity of the female sex in clinical research
is paralleled in the basic sciences where the sex of
animals and cells have largely been excluded from
study or unanalyzed when included (3, 10–12).

To address this gap, the NIH implemented a policy
in 2016 that asks investigators to “consider” sex as
a biological variable (SABV) within fundamental re-
search in experimental design, analyses, and report-
ing (13). Unlike the NIH Revitalization Act, the 2016
SABV policy was not a formal mandate but rather a
strongly worded suggestion where compliance is tied
to grant scoring and ultimately funding outcomes. As
proponents of sex- and gender-inclusive research, we
were reluctant to wait for another 25-years to de-
termine the impact of this new policy statement on
basic science practice and outcomes, and so we set
out to examine the implementation and acceptance of
the SABV policy by the biomedical research commu-
nity in the 2 years since its enactment. Our data sug-
gest that although attitudes toward the SABV policy
are generally favorable, biological sex may play a role
in how the policy is perceived (14). We also identified
variability in how the policy is evaluated and scored,
leaving behind concern for its ability to advance rigor
and reproducibility in the biomedical sciences (14).

A Policy Evaluation
To evaluate the immediate reception of the SABV
policy, we chose to survey NIH study section members
who serve not only as representative members of the
biomedical research community but as policy adjudi-
cators with firsthand knowledge of compliance (14).

Our study, which spanned two cohorts of study sec-
tion members in 2016 and 2017, revealed that study
section members attitudes toward the policy became
more favorable over time and the number of grant
applications that appropriately consider SABV have
increased as well. Yet, when provided with the op-
portunity to leave an open-ended response, study
section members left more colorful commentary,
deriding the policy as “nonsense,” and a “waste of
time.” At best, we can presume that these negative
sentiments toward the policy derive from a lack of
awareness or knowledge about the influences of bi-
ological sex. At worst, they may be tied to bias and
the belief that females are not relevant experimental
subjects.

Perhaps even more worrisome was the notion that,
although some study section members took the policy
seriously, others indicated that the consideration of
SABV was a “non-scoring factor,” essentially neuter-
ing the true intent of the policy. These negative
statements were balanced by those that deemed the
policy “a simple and needed criterion” that will “greatly
improve scientific rigor and reproducibility, [and] hence
should be promoted.” The contrast in these comments
represents a divide in the way we as researchers see

our role in the inclusion of fundamental variables such
as sex. We did not ask study section members if they
felt it was important to consider other relevant biological
variables, such as age or weight. But the data indicate
that there is something quite bothersome to the re-
search community about the use of “sex” as a normal,
reportable element in scientific reports.

The NIH SABV policy sets the minimum of “con-
sideration” of sex as a variable in research studies. It
does not make an edict that all studies must include
equal numbers of male or female subjects or evaluate
data with sex as an independent variable; it simply
indicates that sex should be considered when de-
veloping biological studies. We hypothesized that
women may be more supportive of the NIH SABV
policy based on personal knowledge or awareness
surrounding the impact of sex on health and disease.
And we found that to be the case in 2017 (14).

Female study section members were more likely
to think it was important to consider SABV and that
it would improve rigor and reproducibility compared
with their male peers. Similarly, Nielsen et al. (15)
found that female researchers were more likely to
analyze data by sex and gender. Such results suggest
that women ascribe value to sex- and gender-inclusive
research, be it on a conscious or unconscious level.
The irony, of course, is that women are underrepre-
sented throughout the scientific and engineering

If we cannot change the minds and experimental
methods of seasoned investigators, it may fall upon the
next generation of scientists to conduct their research in
an unbiased and scientifically sound manner.
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workforce (16, 17). Hence, although it may seem like
apples and oranges, the number of female researchers
and the application of SABV in scientific studies are
likely intertwined, and it may take time to achieve
parity on both fronts. As more women enter and
advance in the biomedical research workforce, we
anticipate a concurrent increase in research that ex-
amines or evaluates the influences of sex and gender.

How, as a research community, can we move for-
ward to ensure that sex and gender inclusion are taken
seriously at the fundamental and clinical ends of the
knowledge/drug development pipeline? There have
been editorials and opinion pieces calling for the eq-
uitable use and evaluation of both sexes in biological
research (18–22), journals requiring sex- and gender-
based reporting (23, 24), and review articles providing
guidance on how to include and consider sex and
gender appropriately (25, 26). Yet, we are still falling
short and failing to include females at all stages of the
biomedical research pipeline (3–6) and, therefore,
failing all of us in the advances that science and
medicine have on our lives (20).

If we cannot change the minds and experimental
methods of seasoned investigators, it may fall upon

the next generation of scientists to conduct their re-
search in an unbiased and scientifically sound manner.
It would be beneficial for trainees to gain exposure to
sex- and gender-inclusive research techniques, either
through formalized coursework or incorporated into
qualifying examinations or thesis evaluations. This
may be possible through existing Responsible Con-
duct of Research modules that are already required
in graduate education. Moreover, institutions can
support sex- and gender-inclusive research practices
by including relevant questions or requirements within
Institutional Review Board or Animal Care and Use
Committee applications. This would not be intrusive and
may, in fact, provide additional metadata as to how sex
and gender are incorporated into experimental design.

Notably, the SABV policy was not intended simply to
bring parity in basic science; it was to ensure that fun-
damental discoveries had the advantage of an entirely
new way of looking at biology that can be informative. It
is an on-road to exciting, novel discoveries. The fact that
this new way of working also promises to make our drug
development pipeline better structured toward suc-
cessful outcomes for men and women is a secondary
objective but one that we can all cheer.
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