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Studying both sexes: a guiding principle for biomedicine
Janine Austin Clayton
Ofﬁce of Research on Women’s Health, National Institutes of Health, Bethesda, Maryland, USA
In May 2014, the U.S. National Institutes of
Health (NIH) announced that it will ensure that investigators
account for sex as a biological variable (SABV) in NIHfunded preclinical research as part of the agency’s rigor and
transparency initiative. Herein, I describe in more detail the
rationale behind the SABV policy component and provide
additional detail about policy goals. In short, studying both
sexes is a guiding principle in biomedical research that will
expand knowledge toward turning discovery into health. NIH
expects that considering SABV in preclinical research will
help to build a knowledge base that better informs the design
of clinical research and trials in humans. Integrating the
practice of studying both sexes in preclinical research will,
over time, expand our currently incomplete knowledge base
that plays a critical role in informing the development of sexand gender-appropriate medical care for women and men.—
Clayton, J. A. Studying both sexes: a guiding principle for
biomedicine. FASEB J. 30, 000–000 (2016). www.fasebj.org
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Many medical professionals can attest to the fact that for
decades, the default human model subject was a “70-kg
male.” There has also been a preponderant focus on male
animals in preclinical research (1, 2). The results of mostly
single-sex investigations, in addition to the many studies
that have not reported the sex of animals, cells, or tissues
used, have contributed to an ambiguous evidence base
about sex-based inﬂuences on biology and health. Researchers have assumed that fundamental biology includes
only those molecular, biochemical, and physiologic characteristics that are shared, or the same, between males and
females. However, it is becoming increasingly clear that
instead, fundamental biology encompasses those characteristics that are both shared and different.
As has been published elsewhere, one area of current
focus at NIH is ensuring both rigor and transparency in
taxpayer-funded research (3). In May 2014, the National
Institutes of Health (NIH) announced that the agency will
ensure that investigators account for sex as a basic biological variable (SABV) in NIH-funded preclinical research (4), and policy changes are underway. It is worth
noting that the United States lags behind Europe in many
cases in this arena (5–9). Accurate and detailed reporting
of experimental conditions, including but not limited to
sex, is a key aspect of responsible experimental practice.
Established guidelines on the use of research animals in
biomedical research stipulate reporting of research animal
Abbreviations: NIH, U.S. National Institutes of Health;
SABV, sex as a biological variable
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age, sex, weight, and life stage, as well as characteristics of
the research animal’s environment (10, 11).
Considering SABV is not the same as looking for sex
differences. In its efforts to enhance reproducibility and
transparency by expecting investigators to consider SABV,
NIH will not require any speciﬁc research design or
method for accomplishing this goal. Rather, the existing
state of knowledge in a particular scientiﬁc area and the
speciﬁc research question under study will both affect how
an investigator considers sex and other basic biological
variables. On that note, it is important to point out that NIH
policy changes to ensure the consideration of basic biological variables like sex do not imply the necessary doubling of research animals in every experiment, contrary to
what some in the research community have assumed. It is
true, however, that investigators aiming to differentiate sex
effects—that is, to look explicitly for sex differences—may
require larger numbers of animals, or equal numbers of
animals of both sexes, for adequate power to detect statistically signiﬁcant effects. Typically, these types of projects
grow from preliminary data that provide hints of sex-based
inﬂuences that generate a testable hypothesis in larger
sample sizes. Notably, this concept applies to detecting
differences attributed to a range of biological variables including age, genetic strain, environmental conditions, or
others. Such studies, ongoing for many years, have contributed to an important body of knowledge about how sex
differences affect various physiologic processes and health
conditions. Adding to this knowledge base will tell us even
more about how sex affects human biology beyond the
traditional notion of reproduction.
Not only is studying both sexes in biomedical research
good science, it also offers unique opportunities for biomedical discovery. Herein, I present a contextual summary
of studying both sexes across the biomedical spectrum and
also brieﬂy describe strategies and experimental design
approaches to help researchers get started in this area
without limiting ongoing inquiry.
STUDYING BOTH SEXES ACROSS THE
RESEARCH SPECTRUM
Sex and gender inform various levels of research distinctly.
Although sex is a biological attribute relating to genetics,
physiology, or anatomy and deﬁnes cells and organisms as
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“male” or “female,” gender references behavioral, social,
and cultural domains relevant to humans. Because gender
is less amenable to investigation in preclinical work, the rest
of this discussion focuses on assessing the variable, sex.
From basic research to clinical care, studying both sexes
can be viewed as a guiding principle to aid in experimental
design, hypothesis generation and testing, and in quantifying and expanding knowledge toward turning discovery
into health for both women and men (Fig. 1). The NIH
mission spans basic discovery to health, and it is instructive
to consider how sex and gender factors can be addressed
distinctly from cells to selves to populations.
One overarching feature of considering sex (and gender) in biomedical research is the essentiality of reporting
at every stage. Transparency in research calls for accounting
fully and accurately for all relevant biological variables—
even if they are not elements of the hypothesis. Telling
other investigators about the use of females and males
enhances the knowledge base for future studies and helps
prevent unnecessary and costly duplication of experiments.
As I noted earlier, a comparatively small but very productive cadre of researchers has for many years focused
investigations on the detection of sex differences. This
body of work has been foundational for our current
knowledge base about sex-based biology. Such studies have
led to the identiﬁcation of clinically meaningful sex differences that affect gene expression to organ dysfunction.
For example, a recent pain study employing male and

female animals showed that males and females use different types of immune cells to convey pain signals (12). Other
work has shown that male and female cells employ distinct
ischemic cell death pathways in a preclinical stroke model
(13, 14).
However, although sex differences may be the most
obvious and visible example of the role of sex in health, it is
likely that sex (and gender) exert less overt—yet biologically
signiﬁcant—inﬂuences on physiology and pathology. Thus,
studying the inﬂuences of sex more generally is a distinct
goal from looking for sex differences, only, between females and males.
Basic research
The goal of basic and “basic-basic” research at the level of
molecules to cells is to deﬁne and characterize components and principles. At this stage, typically the most
research-appropriate SABV activity is to observe and report
sex-based data. This stage of research is about discovery,
and in this realm, sex is not a determinant, but rather one
piece of a larger whole—a data point or an element of an
observation. Certain proteins, for example, come in female
and male “versions” that can differ by several amino acids (15).
Moreover, males and females “read” their genomes differently due to Y chromosome-linked genes that encode dosagesensitive, broadly expressed regulators of transcription,

Figure 1. Studying both sexes across the biomedical research continuum.
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translation, and protein stability (16). In isolation, such
information cannot imply any sex-based effect on larger
biological units, such as cells, tissues, or organs. Also, even
though every cell has a sex (17), transcriptional, translational,
and other processes may be inﬂuenced by components of
animal serum present in cell culture medium. Phenol red,
for example, can exert estrogenic effects. Cultured cells of
different sexes may also have different responses to cytotoxic
agents such as nitrosative stress and excitotoxicity (18). Previous work in mice has revealed sex-speciﬁc differences
in the regenerative potential of muscle-derived stem cells
(19); whether these differences will pertain to human cell
therapy remains unknown but at the very least invites
speculation. In basic research, reporting the sex of cells
and tissues, when that information is available and reliable,
is an important aspect of transparency and reproducibility.
Determining the sex of cells reliably has been previously
described (20, 21). Detailed guidelines on how to conﬁgure biological experiments that address sex as a variable in
cell lines and tissue samples are available (Fig. 1) (22).

4-core genotype mouse model that enables an investigator
to vary sex chromosome complement (XX vs. XY) to observe differential effects without confounding hormonal
differences (27). The 4 genotypes are XX gonadal males,
XX gonadal females, XY gonadal males, and XY gonadal
females. Use of this model system can reveal differential
effects of ovarian and testicular secretions, as well as identify
interactions between chromosomal and hormonal effects.
Four-core genotype mice are made by deletion of the testisdetermining Sry from the Y chromosome and insertion of
an Sry transgene onto an autosome in the same mice.
Analysis of results can be accomplished using a 2 3 2
comparison (Sry+ vs. Sry2; XX vs. XY) that ﬁts the 2-way
ANOVA test. This model system has demonstrated nonhormonal sex differences in behaviors, gene expression,
and disease susceptibility (28). Another strategy to assess
hormonal effects genetically is the use of animal models
with sex-hormone receptor knockouts. (29, 30).

Preclinical research

Late translational and clinical research involving human
subjects requires studying both sexes, and in many cases,
looking for sex-different outcomes that may affect interventional strategies. At the clinical stage, gender effects
may also be relevant. Many examples of sex- and genderbased ﬁndings have affected diagnostic, prevention, and
treatment strategies for women and men (31–33).
One area ripe for exploration is sex- and genderinformed technology and biomedical engineering. For
example, although models of the human body originally
employed a 50th-percentile European and North American male to guide the development of various products
including crash-test dummies, recently instituted federal
regulations (34) now require automakers to use petite female
crash dummies in frontal automotive crash tests to more accurately model women drivers and passengers. It has been
shown that women on average sit closer to the steering
wheel, which increases risk for internal injury in frontal collisions (35). Another example of the relevance of sex and
gender in medical technology is imaging modalities such as
MRI, which capture female and male tissue differently (36).
In August 2014, the U.S. Food and Drug Administration
issued a guidance document on the study and evaluation of

In preclinical research with animals where the results aim
to inform human health, sex should be accounted for directly in experimental design. At this level of NIH-funded
research, investigators are seeking knowledge related to
health intentionally: sex is a basic experimental variable in
any preclinical study with implications for human males
and human females.
Traditionally, one hesitation for the routine use of female animals in preclinical research has been concern
about the complexities of the female estrus cycle; however,
a recent meta-analysis that examined variability among
female and male rodents across a broad array of biological
traits counters the validity of this assumption (23). Nonetheless, hormonal cycling is a biological variable to be
considered and various approaches exist to do this when
appropriate. To answer these questions requires knowledge of how to assess and/or manipulate the hormonal
condition of the subjects in the experiment appropriately
within the context of the research question at hand
(24–26). Although many models and approaches have
been described (see Table 1 for a brief list), one is the

Translational and clinical research

TABLE 1. Research designs for considering SABV in preclinical studies
Research method
Single-variable design
Complete/fractional factorial design
Randomized block design
Ancillary variable design
4-Core genotype model
Hormone depletion/replacement
Sex-hormone receptor knockouts

STUDYING BOTH SEXES

Attributes
Single experiment, single effect
Enables more than one independent
variable
Variability within blocks is less than
variability between blocks
Sex captured but not an
independent variable
Differentiates between gonadal and
nonhormonal sex effects (mice
only)
Identiﬁes hormonal effects without
estrous cycling
Whole-animal (mouse) approach to
study hormone effects

Reference
Shaw et al. (56)
Collins et al. (57)
Festing (58)
Collins et al. (57)
De Vries et al. (27)
Greenspan et al. (59)
Kerkhofs et al. (30); Walker et al. (29)
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sex-speciﬁc data in medical device clinical studies (37). This
guidance aims to improve the quality and consistency
of medical-device performance data in both sexes. This
information is useful for patients and providers, as well
as researchers. Recently published textbooks on gender medicine are also useful resources for learning
more (38–41).
Knowledge gained from clinical studies is applied to individuals and populations in the wide range of settings in
which people receive care. Much of this research extends
beyond the direct reach of NIH funding and also has signiﬁcant relevance to health policy. Gender, in particular, is
of great importance at these stages, and various national
and international bodies have invested signiﬁcant resources in this arena. Several organizations in Canada and
Europe have been paying attention to sex and gender
concerns in biomedical research (42). The World Health
Organization’s Strategy for Integrating Gender Analysis
and Actions calls for mainstreaming a gender perspective
at all levels, from research to legislation to policies and
programs—in both economic and societal spheres. The
notion of mainstreaming highlights the importance of
disaggregating data and considering the inﬂuence of sex
and gender on the health of women and men.

INCLUDING SEX IN EXPERIMENTAL DESIGN AND
REPORTING: GETTING STARTED
The vast majority of respondents to a Request for Information
issued by NIH in September 2014 agreed that consideration of
SABV is an issue affecting the reproducibility, rigor, and/or the
generalizability of research ﬁndings (43). Despite agreement that
SABV is good science, however, scientists and other stakeholders
are concerned about practical matters, such as cost, as well as
constraints on methodological and experimental design. More
than half of respondents suggested that NIH could offer tangible
resources to help with SABV policy implementation. The NIH
Ofﬁce of Research on Women’s Health and the NIH Ofﬁce of
Extramural Research have taken into account this input in developing SABV training resources and scientiﬁc tools such as
courses, workshops, and online resources to help applicants, reviewers, and NIH program staff.
Considering SABV in preclinical research need not be onerous
or overly time-consuming, and several recent publications feature
practical strategies, checklists, and toolkits (24, 44–48). Possible ﬁrst
steps include the following actions that have been recently summarized by Ritz et al. and other groups (44). 1) Enrich a literature
search on the research topic of interest by adding terms such as
sex, gender, male, and female. 2) Survey epidemiologic ﬁndings;
sex-skewed disease prevalence may suggest underlying sex- or
gender-based inﬂuences on physiologic or pathologic processes.
3) Conduct pilot studies, such as adding a hormone treatment to
tissue cultures. Such small interventions can provide preliminary
evidence for the potential role of sex in the scientiﬁc area of
interest, and suggestive ﬁndings can be pursued through further
studies that are powered to test for a sex difference. 4) Report sexbased data and any identiﬁed sex-based inﬂuences, so that other
investigators may pursue further studies. 5) Include both females
and males in test groups; this can be facilitated through the use of
certain experimental designs, discussed previously, that enable
interrogation of multiple independent variables.
A predominant concern among NIH stakeholders is that
considering SABV in preclinical research will cost more money.
Addressing the inﬂuence of sex in biomedical research with animals does not necessarily imply an increase in costs. Rather,
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well-designed research either directly tests or controls for variables that might inﬂuence outcome, and sex is one such variable
among many that must be controlled to obtain valid data. As
always, each applicant must assess the characteristics of the test
system, analytic approaches, and other factors in determining his
or her research design. It is difﬁcult to generalize costs by considering impacts on individual studies and laboratories. Another
worthwhile consideration is the cost of including or not including
sex as a biological variable across the research continuum. For
example, late-stage clinical studies that draw from a body of research that is incomplete due to lack of consideration of a key
biological variable such as sex may have human costs and/or may
contribute to missteps in drug development.
Even when costs increase, however, these increased expenditures accrue additional beneﬁts derived from new insights, improved therapies, and reduced risk of toxicity surprises incurred
later when an incomplete evidence base fails to adequately inform
expensive late-stage clinical trials. Some costs may be expected to
decrease, however. Single-sex housing costs are often greater for
male mice, due to aggressive behavior in group-housed males
(49). Using both sexes of mice can actually reduce the cost of
maintaining a mouse colony (50). To be sure, selecting the appropriate preclinical model for the question of interest is central
to the inquiry process and requires in-depth consideration of
research design to economize animal use without surrendering
rigor. Individual investigators are in the best position to conﬁgure the most rigorous experimental design that considers the
role of sex in the context of the speciﬁc scientiﬁc question of
interest.

CONCLUSION
Studying both sexes is a guiding principle in biomedicine.
Beginning in 2016, NIH applicants will be expected to account for the possible role of sex as a biological variable in
vertebrate animal and human studies. The NIH has assembled and posted online materials that address experimental design, randomization, blinding, and sample-size
calculation, among others, to help investigators integrate
SABV into their research (51). Curriculum projects are also
underway to enrich medical school teaching of the necessity of understanding both sexes and to inform the delivery
of sex- and gender-appropriate clinical care (52–54). The
NIH Ofﬁce of Research on Women’s Health, in cooperation with the U.S. Food and Drug Administration
Ofﬁce of Women’s Health, also offers a free online course,
“The Science of Sex and Gender in Human Health” (55).
A continual growth in knowledge of the inﬂuence of sex
at molecular, cellular, and biochemical levels and the various ways that sex exerts inﬂuence will inform the design
and conduct of additional biomedical research, which is
imperative to the NIH mission of turning discovery into
health. Understanding scientiﬁc ﬁndings in the context of
sex—be they similarities, differences, and/or complex
nuances—is crucial for correctly applying research-derived
knowledge toward achieving our ultimate objectives.
The author acknowledges Dr. Alison Davis for intellectual
and writing contributions to this paper.
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