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Abstract

Five years ago, the National Institute of Health (NIH) introduced a mandate to revolutionize the way sex as a biological variable (SABV) is
considered in NIH-funded preclinical research. Given the known effects of sex on aging physiology, pathology, treatment response, and the
effectiveness of interventions it is particularly important that SABV be considered in basic biology of aging research. Five years after this
mandate, a significant amount of published work funded by the National Institute on Aging (NIA) is still not including mice of both sexes
and/or not considering sex differences or comparisons in preclinical studies. Here we review a cross-section of recently published NIA-funded
research to determine adherence to this mandate. We discuss the state of the preclinical aging field in terms of SABV and suggest strategies for
improving adherence to the NIH mandate. It is imperative that we consider SABV and include males and females in all aspects of aging biology
research to improve health outcomes for all.
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we see approximately half the participants in NIH clinical studies are
now women, although there is ample scope for improving the inte-
gration of sex (a biological variable, defined genetically) and gender

NIH Mandate: Preclinical Research Must
Consider Sex as a Biological Variable (SABV)

In 2016, th ional Insti n Agin IA) en licy, fol- . L. o
,O 6t .e .NaF onal Institute on Aging (N Je act.ed a poley, 1o (a person’s self-identity) into research. NIH also created a scientific
lowing solicitation of feedback from National Institute of Health . . .
o . . interest group on Sex and Gender in Health and Disease (SGHD)

(NIH) stakeholders and the broader scientific community, to require . . . .
with a goal of advancing the understanding of intra- and extramural

grant applications for NIH funding on vertebrates and humans to scientists about the ways that SABV applies across disciplines (3).

consider sex as a biological variable (SABV) (1). This mandate re-
quires the consideration of both sexes in the design, analysis and
reporting of all preclinical research funded by the NIA. This is

poriis P iy SABV Beyond the USA

particularly important as animal models provide opportunities to

understand the complex mechanisms of sex differences in many
pathologies that cannot be easily studied in humans (2). Single-sex
applications are possible, but require a strong justification, for ex-
ample, sex-specific disease indications like ovarian or prostate cancer.
The SABV Policy complements and extends the NIH’s requirement,
implemented in 1993 as the NIH Revitalization Act, for inclusion of
women and underrepresented minorities in clinical research. Today
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Beyond the United States, SABV is also gaining traction in other
countries. In Canada, the Canadian Institutes of Health Research
(CIHR) has implemented similar policies to the NIH requiring
both sexes to be included, as well as developing standard-
ized training on SABV for researchers (5, 8) (3). The European
Commission has been asking recipients to include sex and gender
in their analysis since 2013 (4). Not surprisingly, fewer researchers
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than expected implemented these suggestions. The Commission
recently published a series of case studies as examples of good
practice to help researchers to better address sex and gender ana-
lysis (5). However, it is encouraging to see that organizations,
such as the European Society for Medical Oncology have taken
initiatives to launch tasks forces to raise awareness of the pres-
ence of potential sex and gender differences in the biology and
treatment outcomes of nonsex related cancers (6). When we think
about implementation of these policies it is important to com-
municate to researchers that SABV does not require researchers
to study sex-specific differences but rather encourages them to
understand the role that sex could have as a variable in basic
scientific studies (3). It is important for researchers, funders, re-
viewers, and journals to recognize when and how consideration
of SABV is implemented in basic and clinical research (3).

Current Research: Why it Is Important to
Consider SABV in Preclinical Aging Research

The importance of considering SABV in preclinical studies is high-
lighted in the study by Tran et al., in the present issue of The Journal
of Gerontology, Series A: Biological Sciences and Medical Sciences.
The authors highlight the importance of sex on the effects of age on
functional performance measures in mice (7). They show that old
age reduces exploratory activities and increases grooming in mice
and that age-related declines vary between the sexes but tend to be
greater in males. This, of course, has implications for the interpret-
ation of the functional outcomes of intervention studies, many of
which are carried out only in males, as well as potential translational
implications. As the authors so astutely state, this important study
contributes to the emerging yet still limited body of evidence of sex
differences in biomedical research. Using both sexes in preclinical
studies are crucial to allow for comprehensive scientific evaluations
which will ultimately improve translation into clinical applications.
Importantly, as this study highlights, the results of studies using
single sexes are not always generalizable beyond that sex.

The study by Tran et al. (2021) supports other work showing
clear sex differences in the biology of aging. Clinically, we know
that there are sex differences in mortality risk, susceptibility to dis-
eases (8) and frailty (9). These sex differences are observed not just
in humans but also in preclinical studies. Female UM-HET3 mice in
the NIA interventions testing program (ITP) live longer than males
(10) and differences are observed in frailty between male and female
C57BL/6 mice (11). Additionally, preclinical studies, including those
conducted by the ITP, have shown that interventions that increase
lifespan in mice often do so in a sex-specific manner (10,12-14).
There is also evidence for sex differences in the biology of aging
at the molecular and cellular level from both human and preclin-
ical studies, including differences in gene expression (15), epigenetics
(16,17), the immune system (18), and senescence (19). In addition,
sex can affect treatment response, as it impacts both the pharma-
cokinetics and pharmacodynamics of drugs (20). Further details on
sex differences in aging biology can be found in several recent and
thorough reviews (17,21). Overall, growing work in this area shows
that what is true in aging for 1 sex is not necessarily the same for
the other and highlights the need for consideration of SABV in both
clinical and preclinical research. Including both sexes in ongoing and
future aging research will allow us to identify sex differences, under-
stand the mechanisms of these differences and ultimately optimize
aging for all older people.

State of the Field: Is SABV Currently
Considered in Preclinical Aging Research?

In order to understand why moving forward with SABV is so im-
portant, we must consider the past. Historically, preclinical biological
sciences research has predominantly included only males (22). More
recently, although inclusion of both sexes has increased somewhat,
most papers still do not include analysis by sex (23). This means that
findings related to biological mechanisms, biomarkers, and interven-
tions are often only known to be relevant and correct for males, and
data for females or on biologically relevant sex differences is missing.
This has negative impacts on the rigor of scientific inquiry (for example
important scientific discoveries may be missed because they are not
observed in males) and on the translation of findings to the clinic (24).
Historically, the lack of consideration of SABV has been especially true
in research on the biology of aging, where the majority of studies have
used only males or, even worse, not even specified the sex studied (25).
Anecdotal evidence indicates that reasons for this bias include that
aging studies are long and expensive so only a single-sex can be used,
the incorrect interpretation that the estrous cycle makes females too
“variable”, or that males have historically been used so should con-
tinue to be used. These are similar to the “myths” outlined, and de-
bunked, in a recent Nature Neuroscience article (26). Given the overall
aim of the aging research field is ultimately to understand the aging
process to improve healthspan and lifespan for all older people—not
just males—it is clearly important that we study both sexes.

We sought to understand whether things have changed since the
introduction of the NIH SABV mandate 5 years ago. Are more pre-
clinical aging studies including both sexes, and considering possible sex
differences? In order to answer this question we completed an informal
review of PubMed-listed research articles that reported NIH extramural
research support, published during the period between January 1,2020
and May 31,2021, which included the search terms “NIA” and “mice”.
Of the approximately 509 articles returned using this search criteria, 2
were removed as they did not include mouse studies (Supplementary
Table S1). Of the remaining 507 articles, approximately half incorpor-
ated both sexes in the design of all or a subset of experiments (40.6%
and 7.1%, respectively), while 43% reported single-sex data (30.4%
male-only; 12.6% female-only), and 9.3% failed to specify sex at all
(Figure 1A). Although some articles acknowledged single-sex study de-
signs as a limitation, a mere 17.4% of male- or female-only experiments
offered any justification as to why. Even fewer publications (6.9 %) were
actually studying a sex-specific phenomenon (such as ovarian cancer,
prostate cancer, or menopause), which we would define as a “strong
justification” for the purpose of this article. Of the articles that included
both sexes in some or all experiments, only 46.3% reported compari-
sons between males and females (Figure 1B). Clearly this argues for a
stronger enforcement of SABV. While there are some obvious limita-
tions to this type of informal review, such as the inclusion of only mouse
studies completed within a specific time frame with funding from 1
institute, this data shows that more than 50% of NIA-funded studies
published in the last 2 years are not considering SABV, despite the NIH
mandate being in place since 2016.

We also filtered our results (Figure 2) to include only work pub-
lished in subject-specific journals dedicated to the biology of aging
(Aging, Aging Cell, Experimental Gerontology, Geroscience, Journals
of Gerontology Series A, and Neurobiology of Aging). Interestingly al-
though the number of studies including either both sexes (41.3%) or
males only (28.3%) stayed consistent with the larger data set (Figure
2A), more female-only studies (23.9%) were included in the aging jour-
nals. Additionally, in this subset of manuscripts, 20.8% of male- or
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Figure 1. Results of an informal review of NIA-funded research in mice
published from 2020 to 2021 and whether sex as a biological variable was
considered. Five hundred and nine research articles were included from
PubMed that reported NIH extramural research support, were published
between January 1, 2020 and May 31, 2021, and included the search terms
“NIA” and “mice” (A) A pie graph indicating whether studies included male,
female, both, or did not specify the sex of mice, and (B) of those that included
both sexes, was data compared by sex. NIA = National Institute on Aging;
NIH = National Institute of Health.

female-only experiments were studying sex-specific phenomena, and
85% of the articles that included both sexes in some or all experiments
reported comparisons between males and females (Figure 2B). Although
this was a small subset of articles (46 total) and there is still a long way
to go, this data provides encouraging evidence that journals focused on
the biology of aging may be starting to focus more on SABV.

Moving Forward: Strategies to Improve
Adherence to SABV Guidelines

As researchers interested in sex differences, it is encouraging to us to
see that inclusion of SABV in preclinical research is no longer optional
for NIH-funded investigators. The lack of adherence to this mandate,
however, is disheartening. Inclusion of SABV in biomedical research is
critical to ensure the most rigorous science. As demonstrated by our
review (Figures 1 and 2), we clearly need more strictly enforced meas-
ures to ensure compliance by the greater research community. Funding
bodies could consider following the example of the CIHR, which has
implemented into their grant application process mandatory questions
addressing whether and how applicants are taking sex/gender into
account (27). This kind of transparency in animal studies is clearly
essential if these studies are to add to the knowledge base and inform
future research, policy, and clinical practice. Such checklists could be
implemented into NIH funding proposals and grant applications with
relative ease and would significantly increase the transparency and
translatability of animal studies.

As journal editors and reviewers, we are the gatekeepers to
rigorous science. The responsibility lies with us to ensure that critical
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Figure 2. Results of an informal review of NIA-funded research in mice
published in subject specific journals dedicated to the biology of aging
(Aging, Aging Cell, Experimental Gerontology, Geroscience, Journals of
Gerontology Series A, and Neurobiology of Aging), from 2020 to 2021
and whether sex as a biological variable was considered. (A) A pie graph
indicating whether studies included male, female, both, or did not specify the
sex of mice, and (B) of those that included both sexes, was data compared by
sex. NIA = National Institute on Aging.

SABV requirements are implemented at the journals on which we
serve as editors and reviewers. We are beginning to see that journals
are recognizing the importance of SABV and requiring the acknow-
ledgment of this within publications. The Journals of Gerontology,
for example, encourages all authors and reviewers to take into
account the need to report the sex of all experimental models
including cell lines and to report whether there are any sex differ-
ences in outcomes (25). While other journals such as Arteriosclerosis,
Thrombosis, and Vascular Biology have published statements re-
commending this to their authors (2), there are many which have
yet to adopt these recommendations. Many journals encourage
the use of the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines for manuscripts (journal list available here:
https://arriveguidelines.org/supporters/journals), which require re-
porting of the sex of experimental animals. A new revised version
of these guidelines published in 2020 (ARRIVE guidelines 2.0 (28))
recommends that the sex of animal models used is even listed in
the abstract, as a response to male bias in biomedical research. We
hope that requirements by journals to adhere to these, or similar,
guidelines will inspire researchers to make consideration of SABV
the norm. As peer-reviewers, we can require authors to give their
rationale for studying only 1 sex and describe the potential implica-
tions for not studying the other. If we, as editors and reviewers pro-
mote sex- and gender-specific analysis of research data as a matter
of routine, then we will fulfill our role in advancing the quality and
transparency of reported data. Moreover, we will educate the new
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generation of junior researchers who come through labs on the im-
portance of SABV, and the proper way to incorporate SABV into
research. By doing so we raise a new generation of biomedical scien-
tists who have never known SABV to not be the norm.

Conclusion

Sex is an important biological variable, and especially so in aging
research. Preclinical research studies that incorporate both sexes
are crucial to recognizing the applicability of study findings and to
informing the translation of research from basic scientific discovery
to drug development and testing of therapeutics. Including both sexes
in preclinical studies and experimental designs that appropriately
account for sex as a biological variable promotes understanding of
experimental outcomes for both males and females. Although here
we have focused on SABV in the preclinical context, when we think
about sex differences in the broader research community, we need
scientists, funding bodies, and journals to embrace not only SABV
but sex and gender-based analysis, and Sex and Gender Equity in
Research. Translation of such results to clinical testing advances us 1
step closer to evidence-based appropriate treatments for all people.
Ultimately it comes down to the fact that aging science is better, and
more impactful when we consider sex and gender.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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