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It was once considered acceptable for clinical researchers to
draw conclusions about women’s health based on studies that
only enrolled men (Wizeman, 2012). Fortunately, in recent decades, government, research funders, and other groups have
promoted greater inclusion of women participants in clinical
research (Freeman et al., 2017; Society for Women’s Health
Research, 2001). As a result, the participation of women in
clinical research has increased (Freeman et al., 2017; Lippman,
2006; Society for Women’s Health Research, 2001), and the articles in this special issue of Women’s Health Issues are some of
the fruits of that progress. Yet many studies within and outside
Veterans Affairs (VA) do not report results by sex or gender1
(Avery & Clark, 2016; Clayton & Tannenbaum, 2016; DuanPorter et al., 2016; Vidaver, Laﬂeur, Tong, Bradshaw, & Marts,
2000). Some scholars propose increasing the frequency of such
analyses by having journals or funders mandate them (Mazure &
re, 2019).
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The term “sex” is used to refer to biological or physiological factors and
“gender” is used to refer to psychosocial, gender identity, or cultural factors. It
should be noted that these terms are not mutually exclusive (Clayton &
Tannenbaum, 2016).

In this commentary, we express reservations about that
approach and instead suggest that more clinically relevant lessons about women’s health could be derived from research if 1)
studies are adequately designed and powered for testing sex
and/or gender interactions in advance, 2) study exclusion criteria
are chosen in light of their sex and gender impact, 3) researchers
use research designs and statistical techniques that can illuminate sex and gender differences, and 4) researchers routinely
make data publicly available after publication.

Mandatory Analysis of Clinical Research Outcomes by Sex
and Gender: Some Reservations
Clinical trials estimate average treatment effects (Kravitz,
Duan, & Braslow, 2004), and ample evidence highlights the
hazards of assuming such effects apply equally to male and female participants (Bailey, 2007; Hawkes, Haseen, & AounallahSkhiri, 2019; Wallach et al., 2017). Yet we doubt the usefulness
of a policy of funding agencies or journals mandating or
endorsing analysis by sex and gender, for all studies, for several
reasons.
Only a minority of studies are designed and conducted in a
manner that adequately supports the study of outcome differences among sample subgroups (Bucholz & Krumholz, 2015;
Freeman et al., 2017), in part because no benchmark deﬁning
adequate enrollment by sex has been established by the U.S.
Food and Drug Administration or the National Institutes of
Health (Bucholz & Krumholz, 2015). Most clinical trials are only
powered to identify overall treatment effects. A trial that has
80% power to detect an overall treatment effect will only have
29% power to detect an interaction effect of the same magnitude;
sample size would have to increase four-fold for the study to
have 80% power to detect a sex- or gender-speciﬁc effect
ndez, Boersma, Murray, Habbema, & Steyerberg, 2006).
(Herna
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False negatives are always a risk when conducting underpowered analyses; as the number of statistical comparisons conducted within a data set increases, the likelihood of ﬁnding
statistically signiﬁcant but clinically meaningless differences
increases. Richard Peto (2011) puckishly illustrated the perils of
running multiple unplanned comparisons by demonstrating that
although daily aspirin was clearly beneﬁcial overall, it was
harmful for people born under Libra and Gemini astrological
signs.
Journal editors or research funders mandating reanalysis of
data to account for sex and gender will not address the problems
associated with the design and conduct of a study (Wizeman,
2012). Few studies provide a rationale or a hypothesis related
to the subgroup analyses (Aulakh & Anand, 2007; Avery & Clark,
2016). Evidence suggests that most published subgroup analyses
are misleading (Aulakh & Anand, 2007; Avery & Clark, 2016;
Petticrew et al., 2012; Wallach et al., 2017). Attempts at replicating subgroup ﬁndings are rare, but when done, the original
ﬁndings are not generally supported (Wallach et al., 2017), and
many subgroup analyses noted in published abstracts are not
supported by their own data (Wallach et al., 2017). Researchers
often incorrectly conclude that a statistically signiﬁcant effect in
one subgroup but not another (stratiﬁed analyses) establishes
evidence of a subgroup affect when, in fact, such analyses require
the conduct of a formal interaction test (Wallach et al., 2017).
Furthermore, subgroup analyses of one variable at a time often
fail to detect treatment effect differences because patients have
many attributes that can inﬂuence treatment effectiveness (Kent
& Hayward, 2007). In light of these issues, we are wary of
requiring sex and gender analysis as a general matter in clinical
research or gauging progress in the inclusion of women in
research through the existence of reported subgroup analyses.
We share the concern of Springer, Stellman, and Jordan-Young
(2012) that this practice could lead to an ever-growing catalogue of differences (that are likely spurious) that will distract
from needed research into speciﬁc mechanisms that lead to sex
or gender differences and the relationship between sex and
gender differences. Furthermore, such requirements are at odds
with statistical and methodological guidance regarding planning
for subgroup analyses.
Designing Studies for Sex and Gender Subgroup Analyses
Planning for subgroup analysis is inﬁnitely superior to
implementing unplanned post hoc analyses (Aulakh & Anand,
2007; Yusuf, Wittes, Probstﬁeld, & Tyroler, 1991). Proper planning requires having an explicit rationale for performing subgroup analyses, specifying sex- and gender-related hypotheses a
priori, ensuring sufﬁcient statistical power, stratifying randomizations by sex, designing a formal test of the interaction, and
adjusting for multiple statistical tests.
Achieving a sample size with sufﬁcient power for subgroup
analyses is resource intensive and thus requires a strong rationale (Wizeman, 2012). There are costs and beneﬁts associated
with powering studies for sex and gender subgroup analyses in
the general population, and these tradeoffs are exacerbated in
the VA where women represent only 7.5% of the patient population (Frayne et al., 2018). Although the VA Women’s Health
Practice-Based Research Network can increase the representation of women veterans in VA research (Frayne et al., 2013), even
with a multisite approach it can be challenging to sufﬁciently
power studies of VA users for sex and gender comparisons,
depending on the research question and study design.
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It is therefore critical to identify research questions where sex or
gender is likely to matter and adequately design and power studies
for subgroup analyses in these situations. “A starting assumption
that there is a sex difference for any association being studied could
lead to publication of false conclusions,” Wizeman (2012) cautions.
Researchers need to consider what is known about sex and gender
differences at the research design stage. Information on how
groups based on sex and age metabolize medications, for instance,
could allow for the identiﬁcation of questions where subgroup
differences are possible and should be studied and those where
they are unlikely to occur (Allmark, 2004).
Choosing Exclusion Criteria Wisely in Light of Disparate Sex
and Gender Effects
Clinical researchers often undermine the clinical relevance of
their data by choosing trial exclusion criteria that disproportionately prevent certain subsets of women from enrolling in
studies. The most obvious example is a demographic one, namely
excluding the elderly (who are disproportionately women),
a practice of 40% of clinical trials in medicine (Zulman et al.,
2011). Exclusion of participants with disorders more common
in women (e.g., depression; Humphreys & Williams, 2018), or
social conditions more common in women (e.g., unemployment;
Humphreys, Weingardt, & Harris, 2007) can have the same effect.
Importantly, although oversampling women can improve power
for subgroup analyses, differences in the sex and gender impact of
an exclusion criterion cannot be compensated for by oversampling.
This method only produces a larger relatively unrepresentative
sample of women, allowing more precision in estimating the wrong
answer. For example, a study that excluded individuals under 50 700
tall would have a more representative sample of men than women,
no matter whether women were oversampled or not.
Research Designs and Statistical Techniques that Can
Illuminate Sex and Gender Differences
Because the conduct of well-planned, sufﬁciently powered
subgroup analyses is often not feasible, alternative approaches
are needed. Although it is risky to act on ﬁndings from exploratory subgroup analyses, based on interaction tests, they can be
used, if interpreted cautiously, to generate hypotheses that are
tested in future studies (see Brown et al., [2019] and Danan et al.,
[2019]). Furthermore, the risks of producing type 1 errors (false
positives) can be mitigated by correcting for multiple comparisons (see Benjamini & Hochberg [1995] and Naylor et al., [2019]).
Although stratiﬁed analyses are not good indicators of whether
sex or gender differences exist, if all studies routinely presented
ﬁndings stratiﬁed by sex or gender, perhaps as supplementary
materials with warnings about overinterpretation of ﬁndings,
power issues could be addressed through meta-analysis techniques (Wizeman, 2012). Faced with selective reporting by
gender, however, meta-analyses will be seriously compromised
by publication bias (Bailey, 2007).
Suitable ways of addressing sex and gender subgroup differences include using underutilized statistical techniques
(Wizeman, 2012). Bayesian approaches, for instance, can be used
to reduce sample size requirements in traditional frequentist
analyses (Berry, 2005). In addition, Bayesian and adaptive analytic trial designs can be used to update trial information as results accumulate, allowing for a reduction in sample size
requirements and a focus on clinically relevant subgroups (Berry,
2005; Kravitz et al., 2004). The use of risk stratiﬁcation is another

S14

R. Klap, K. Humphreys / Women's Health Issues 29-S1 (2019) S12–S14

promising alternative to subgroup analyses. Speciﬁcally in situations where an externally developed risk prediction tool is
available, multivariate risk models often have greater power to
detect treatment differences than individual subgroup analyses
(Hayward, Kent, Vijan, & Hofer, 2006; Kent & Hayward, 2007;
Wizeman, 2012). By combining multiple patient attributes into
a single score that describes a single dimension of risk upon
which a treatment effect is likely to vary, risk-stratiﬁed analyses
minimize difﬁculties associated with multiple comparisons and
poor statistical power (Kent & Hayward, 2007).
Data Sharing Can Help
If researchers make raw data available, then postpublication
data could be pooled across multiple studies that address the same
condition. Data merging could be especially valuable if common
measures were included in studies (Wizeman, 2012). Researchers
could increase statistical power by pooling data across studies that
individually enrolled small numbers of women veterans.
Conclusion
The importance of gathering high-quality data on women’s
responses to health care interventions cannot be overstated from
a scientiﬁc, clinical, or ethical viewpoint. However, mandating
post hoc sex and gender analysis may just as easily result in
misleading rather than useful data on women’s health. A better
path forward involves a priori considerations of sex and gender
analysis where warranted, choosing exclusion criteria wisely,
exploiting innovative statistical techniques, and broadly sharing
data so that other researchers can analyze large pools of data on
women’s response to treatments.
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