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Abstract

Background Sex and gender impacts health outcomes and disease risk throughout life. The health of women and
members of the Two-Spirit, Lesbian, Gay, Bisexual, Transgender, Queer or Questioning (25/LGBTQ+) community is
often compromised as they experience delays in diagnosis. Distinct knowledge gaps in the health of these popula-
tions have prompted funding agencies to mandate incorporation of sex and gender into research. Sex- and gender-
informed research perspectives and methodology increases rigor, promotes discovery, and expands the relevance of
health research. Thus, the Canadian Institutes of Health Research (CIHR) implemented a sex and gender-based analysis
(SGBA) framework recommending the inclusion of SGBA in project proposals in 2010 and then mandating the incor-
poration of SGBA into grant proposals in 2019. To examine whether this mandate resulted in increased mention of sex
or gender in funded research abstracts, we searched the publicly available database of grant abstracts funded by CIHR
to analyze the percentage of abstracts that mentioned sex or gender of the population to be studied in the funded
research. To better understand broader health equity issues we also examined whether the funded grant abstracts
mentioned either female-specific health research or research within the 25/LGBTQ + community.

Results We categorized a total of 8,964 Project and Operating grant abstracts awarded from 2009 to 2020 based on
their study of female-specific or a 25/LGBTQ+ populations or their mention of sex or gender. Overall, under 3% of
grant abstracts funded by CIHR explicitly mentioned sex and/or gender, as 1.94% of grant abstracts mentioned sex,
and 0.66% mentioned gender. As one of the goals of SGBA is to inform on health equity and understudied popula-
tions with respect to SGBA, we also found that 5.92% of grant abstracts mentioned female-specific outcomes, and
0.35% of grant abstracts focused on the 25/LGBTQ + community.

Conclusions Although there was an increased number of funded grants with abstracts that mentioned sex and 25/
LGBTQ+ health across time, these increases were less than 2% between 2009 and 2020. The percentage of funded
grants with abstracts mentioning female-specific health or gender differences did not change significantly over time.
The percentage of funding dollars allocated to grants in which the abstracts mentioned sex or gender also did not
change substantially from 2009 to 2020, with grant abstracts mentioning sex or female-specific research increasing by
1.26% and 3.47%, respectively, funding allocated to research mentioning gender decreasing by 0.49% and no change
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for 25/LGBTQ +-specific health. Our findings suggest more work needs to be done to ensure the public can evaluate
what populations will be examined with the funded research with respect to sex and gender to advance awareness

and health equity in research.

Highlights

« The percentage of funded grants in which the abstracts mentioned sex or gender in health research remained
largely unchanged from 2009 to 2020 with the largest increase of 1.57% for those mentioning sex.
« Total funding amounts for grants that mentioned sex or gender in the abstract stagnated or declined from 2009

to 2020.

+ The percentage of funded grants in which the abstracts focusing on female-specific health did not change across
2009-2020, but the percentage of funding dollars increased by 3.47%.

+ The percentage of grants in which the abstracts mentioned 2S/LGBTQ +-specific health more than tripled
across 2009—-2020 but remained less than 1% of all funded grants.

Keywords Sex, Gender, Research funding, Women's health, 2S/LGBTQ + health, CIHR, Female, Canada

Plain language summary

This paper examined the publicly available database of grant abstracts funded by the Canadian Institute of Health
Research (CIHR) from 2009 to 2020 to determine the percentage of abstracts that mentioned sex or gender of the
population to be studied. To better understand broader health equity issues we also examined whether the funded
grant abstracts mentioned either female-specific health research or research within the 2S/LGBTQ + community.
Although there was an increased number of funded grants with abstracts that mentioned sex and 25/LGBTQ + health
across time, these increases were less than 2% between 2009 and 2020. The percentage of funded grants with
abstracts mentioning female-specific health or gender differences did not change significantly over time. The per-
centage of CIHR funding dollars allocated to grants in which the abstracts mentioned sex or female-specific research
increased by 1.26% and 3.47%, respectively. However, funding allocated to research mentioning gender decreased
by 0.49% and there was no significant change in funding amounts for 25/LGBTQ +-specific health across time. We
outline several recommendations for funding agencies to improve access to information especially on sex, gender

and broader health equity populations to ensure the public can evaluate what populations will be examined within
the funded research. Our findings suggest that to advance greater health equity in research, different strategies need
to be employed to improve researcher utilization of sex and gender-based analysis as well as to advance health equity

with respect to 25/LGBTQ and women's health questions in research.

Background

Sex and gender play significant roles in health outcomes
and disease risk [1]. Sex refers to the biological attributes
of females, males and intersex individuals, whereas gen-
der is a psychosocial construct based on gender identity
and society’s expectations of roles and behaviors based
on that construction. Examining the contribution of
sex and gender in research is essential to our complete
understanding of the mechanisms that contribute to
the etiology, manifestation, and response to treatment
of disease [1, 2]. The importance of inclusion cannot be
overstated. For example, in humans genetic polymor-
phisms and differences in gene expression are often dis-
tinct between males and females [3, 4], suggesting that
any treatment could have disparate effects by sex. The

European Gender Equality Index of 2021 highlights that
access to power and resources based on sex, gender, and
sexual orientation combined with intersecting social
categories determines health outcomes [5]. As health
research in this area progresses, funding agencies must
continue to incentivize and highlight the importance of
sex and gender-based analysis (SGBA) to reduce health
disparities and improve health outcomes.

Health outcomes differ in a host of diseases and across
the entire spectrum of medicine between males, females
and intersex individuals. Sex differences in diseases exist
in manifestation [6-9], diagnosis time [10], misdiagnosis
[9], treatment efficacy [11], and progression of disease
[10]. For example, females demonstrate poorer outcomes
and increased mortality due to cardiovascular disease
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compared to males [11]. However, clinical trials in car-
diovascular disease continue to recruit more males than
females [12]. Female deaths attributed to cardiovascular
disease outnumber deaths by breast, ovarian, uterine,
cervical, and vaginal cancers combined [13]. Yet, dis-
eases with the highest burden on females remain chroni-
cally underfunded, whereas diseases that afflict primarily
males are more likely to be appropriately or overfunded
relative to disease burden [14]. Within-sex disparities
exist as well, as breast cancer research receives an out-
sized proportion of funding compared to disease burden
across females, whereas endometriosis receives pro-
portionately fewer research dollars [14—16]. Although
attention to sex and gender is an important step towards
health equity, in order to understand why disparities in
health outcomes exist between sexes and gender identi-
ties, it is also imperative to conduct within-sex and gen-
der comparisons as well. Female sex-specific experiences,
such as menses, menopause, and pregnancy, impact
health outcomes and disease risk of conditions that tar-
get every organ including the heart, lung, kidney, and
brain [17-20] and studying these effects do not require
a comparison to males. Thus, the lack of health research
into both sex differences and female-specific factors per-
petuates disparities in duration of diagnoses, and the side
effects due to treatments—resulting in devastating health
effects for females compared to males [10, 11, 21, 22].
Many of these health discrepancies can be attrib-
uted to the lack of female data collection in both animal
models and clinical trials in North America. Starting in
the late 1970’s, all premenopausal females were banned
from participating in drug trials for almost two dec-
ades by the Food and Drug Administration (FDA) in the
United States due to concerns of causing harm to the
reproductive process [22]. The importance of consider-
ing sex and gender differences in research has prompted
funding agencies, including the Canadian Institutes of
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Health Research (CIHR), to implement SGBA frame-
works for grant applications and adjudication. Figure 1
shows a timeline of funding agencies’ changes in policy
to encourage inclusion of sex and gender. In 1993, the
National Institutes of Health (NIH) mandated the inclu-
sion of women in clinical trials, but to this day the inclu-
sion of women in clinical trials is only a recommendation
in Canada. Female health and sex differences continue to
be overlooked in both clinical trials and basic research
as women and female health are still routinely underrep-
resented [22—24]. In the United States, even in research
that includes women and females, the majority of these
investigations (80%) do not use sex or gender as a factor
in their primary outcomes, nor do they ask questions on
whether female-specific factors influence these outcomes
[25]. This practice negates the benefits of diverse repre-
sentation in research and does little to close the gap in
our understanding of how sex and gender impact health.
Studying sex and gender influences is only one step in
understanding why health disparities exist across sex or
gender. Gender identity and sexual orientation are also
key considerations for health research from a health
equity lens. The term Two-Spirited, Lesbian, Gay, Bisex-
ual, Transgender, Queer or Questioning (2S/LGBTQ+)
includes individuals who have both diverse gender iden-
tities as well as sexual orientations. Gender plays a role
in healthcare seeking behavior, symptom perception by
clinicians, disease diagnosis, and treatment [1, 10, 26, 27].
Sexual orientation is also a driving factor for poor health
outcomes [28]. 2S/LGBTQ + community members often
face discrimination and trauma based on their gender,
sexual, and racial identities when accessing health and
social services and experience poorer health outcomes
as a result [28, 29]. Despite ample literature demonstrat-
ing that gender-affirming healthcare improves health
outcomes and mitigates risk of stigma and discrimina-
tion [30-33], evidence continues to suggest that 2S/
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Fig. 1 Timeline of mandates for inclusion and analysis of women/females in research from 1993 to 2020 from the National Institutes of Health (NIH)
in the United States, the Canadian Institutes of Health Research (CIHR), and Horizon Europe. Prior to 1993 all premenopausal females were banned
by the Food and Drug Administration (FDA) from participating in drug trials in the United States
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LGBTQ+community members experience increased
disease risk and poorer health outcomes [29, 34, 35].

Although more research is being conducted in males
and females or considering gendered health experi-
ences as well as sexual orientation, little headway has
been made to increase the analysis or examination
of potential sex and gender differences in published
research [23, 33, 36—39]. In the wake of the COVID-19
pandemic and subsequent vaccine trials, these prob-
lems persisted as sex and gender differences continued
to be overlooked. Only 4% of COVID-19 clinical tri-
als explicitly reported a plan to include sex or gender
as an analytical variable [39]. Further, during the ini-
tial COVID-19 vaccine trials, questions on menstrual,
menopause disturbances or the effects on pregnancy
were not specifically probed, likely leading to greater
vaccine hesitancy among women [40]. COVID-19 vac-
cine uptake is just one example of how neglecting sex,
gender, and female-specific health in research can
directly hinder public health efforts and reduce health
equity.

Research funding bodies have acknowledged the
lack of progress in these areas. The European Commis-
sion reported a mere 3% increase in grant applications
with a gender dimension from 2015 to 2017 [41] and
the NIH has acknowledged that the improved inclu-
sion of women in clinical trials has not done enough to
improve Sex as a Biological Variable (SABV) integra-
tion in the design, analysis, and reporting of clinical data
[42, 43]. CIHR reports that they met their target of 67%
of proposals addressing sex or gender considerations
in the 2019-2020 grant cycle [44]. CIHR applicants are
required to answer yes or no (via a checkmark) to two
questions on whether or not sex or gender is integrated
into the proposal. An analysis of submitted funding to
CIHR from 2011 to 2019 indicated that by 2019, 83% of
submitted grants had checked yes to sex and 33% of sub-
mitted grants had checked yes to gender [33]. It is likely
that the earlier adoption of SGBA in Canada led to more
reporting on the use of sex and gender considerations
in research. However, it is also feasible that the manda-
tory nature of SGBA reporting boxes used in the analysis
resulted in higher percentages of SGBA considerations at
CIHR [39] relative to other funding agencies. In addition,
given that the funding rates at CIHR are below 20%, it
is also important to consider what percentage of funded
rather than submitted proposals mention sex and gender
in their abstracts. In the published literature, estimates of
analyses of possible sex differences are lower at approxi-
mately 2-7% across a variety of disciplines [23, 37, 45]
including papers in which the authors’ institutions were
in Canada or the United States. Therefore, we sought
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to explore whether abstracts mentioned sex, gender, or
studied historically underrepresented groups in health
research (female, 2SLGBTQ +) within the publicly avail-
able abstracts of CIHR-funded operating and project
grants.

In this paper, we analyzed publicly available data from
the CIHR funding database from 2009 to 2020 to deter-
mine whether proposal abstracts across all areas of health
research mentioned sex or gender in the abstract. To
understand other health inequities, we also examined
whether the abstract was focussed on research in female-
specific health or 2S/LGBTQ + health. We hypothesized
that mentioning sex, gender, female or 2S/LGBTQ+in
the abstracts would increase over time as awareness
improved and institutional requirements evolved. Fur-
ther, we hypothesized that following CIHR’s SGBA
mandates in 2019, 2020 abstracts would have increased
mention of the population studied, including sex, gender,
female specific or 25/LGBTQ + community members.

Methods

We examined the published public abstracts of all Oper-
ating and Project Grants funded by the Canadian Insti-
tutes of Health Research (CIHR) from 2009 to 2020 using
the CIHR Funding Decisions Database [46]. These grants
are akin to the RO1 mechanism at NIH. From 2009 to
2015, CIHR held an Operating Grant program, which
was renamed Project Grants in 2016. These programs
are open competitions that fund investigator-driven
research projects investigating fundamental and applied
health research [47]. In 2009, the average grant was just
over $500,000 and in 2020, the average grant awarded
was $751,022 over 4.39 years. To identify relevant grant
abstracts, we used search terms “male, female, sex, gen-
der, woman, women, uterus, uter, pregnan, breast, ovary,
ovarian, ovaries, girl, boy, menopause, postpartum,
maternal, placenta, prostate, cervi, testic, testes, vagin,
penis, penial, binary, lesbian, gay, bisexual, MSM, ESF,
queer, LGBT, LGBTQ, LGBTQIA, LGBTQIA+, LGB,
transgender, transsex, trans, 2S, two spirit, 2 spirit, indigi
(indigiqueer)” and then proceeded to manually code
grant abstracts into appropriate categories (described
below) based on the content of the abstract. For example,
if an abstract mentioned sex, it was coded as sex men-
tioned. Additionally, grants proposing research across
more than one category were double coded. For exam-
ple, an abstract proposing investigating the effects of HIV
during pregnancy on the mother and sex-specific effects
on their children would be coded as both mentioning
female-specific and sex differences. If the sex of the chil-
dren was not mentioned, it would be coded as female-
specific alone. Grant abstracts that did not clearly fall into
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one or more categories (n=12) were discussed between
the three lead coding team members (ABN, TNS, TFLS)
and were coded appropriately once a unanimous decision
was met.

Inclusion criteria

All CIHR Operating (2009-2015) and Project (2016—
2020) grant abstracts that were funded during the open
competitions and awarded to Canadian institutions were
included in our analysis (#=8964). Grant abstracts in
both English (#=8928) and French (n=236) were exam-
ined. French abstracts were translated using the Google
translate tool, and then coded.

Categorization of grant abstracts

Abstracts published with awarded grant information
were examined and designated into the following catego-
ries (if relevant) based on the CIHR definition of SGBA:
sex (any grant with an abstract that would mention sex:
male, female, intersex), gender (any grant with an abstract
that would mention gender (women, men, transgender,
non-binary, gender non-conforming, etc.), female-spe-
cific grants (any grant with an abstract that would include
only female participants or mention female-specific con-
ditions), 25/LGBTQ+ (any grant with an abstract that
would include members of the 25/LGBTQ + population
specifically or mention differences in outcomes for 2S/
LGBTQ+individuals compared to other populations).
Any abstracts that did not fit in the above definitions
were categorized as “sex/gender omitted” Additionally,
within the female-specific category, as breast cancer dis-
proportionately receives more funding [15], we catego-
rized female-specific cancer grant abstracts (any grant
with an abstract that mentioned investigating cancer in
a female-only population or investigating female-specific
cancers) separately.

Given the limited methodological information con-
tained in a grant abstract, we used a low threshold for
categorization. To be included in our analysis, an abstract
did not need to focus specifically on sex differences, gen-
der differences, females, or 2S/LGBTQ + individuals or
explicitly state SGBA methodology; for example, men-
tioning the use of male and female rodents would have
resulted in the abstract being coded into sex mentioned
grant.

To understand whether the mention of sex, gender or
female differed across research subjects we analyzed the
CIHR public database across those funded abstracts or
keywords that mentioned “human’, “mice” or cells (“cell
culture’;, “in vitro’, “cell lines”). We expressed the grant
abstracts mentioning sex, gender or female as a function
of total-funded abstracts using the categories of human,
mice or cell.
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Statistical analyses

For each category in any given year, percentages were cal-
culated for both grant abstracts awarded and the amount
of funding awarded as a function of the total number of
grants awarded or total funding dollars disbursed within
that year, respectively. To examine funding trends over
time, we ran simple regression analyses on both the per-
centage of grant abstracts awarded and the percentage of
funding dollars awarded across the 12 years (2009-2020).
We present the data by binning the grant abstracts into
4-year intervals (2009-2012, 2013-2016, 2017-2020). As
cancer research in female health (breast, ovarian, cervi-
cal, uterine, etc.) receives greater research funding than
other female-specific health conditions [15, 16], we did
a sensitivity analysis by removing those grant abstracts
from the overall female-specific analysis. Frequency of
keyword use of sex or gender across humans, mice or cell
studies was analyzed using a Chi-square analysis. Statis-
tics were calculated using Statistica statistical analysis
software (v. 9, StatSoft, Inc., Tulsa, OK, USA). Signifi-
cance was set at a=0.05.

Results

Overall, 8964 Operating and Project Grants were
awarded between 2009 and 2020, totaling $611,807,644
in research funding. Of these, 91.65% of grant abstracts
were coded as “sex/gender omitted” Of those remain-
ing, the percentage of grant abstracts that included men-
tion of: sex: 1.94%, gender: 0.66%, female-specific: 5.92%,
female-specific without cancer: 4.07%, and 2S/LGBTQ +:
0.35% (Fig. 2a).

Both the percentage of grants with abstracts mentioning
sex, and percentage of funding dollars for grant abstracts
mentioning sex, more than doubled across 2009-2020
Overall, from 2009 to 2020, the percentage of funded grant
abstracts that mentioned sex was 1.94% (Fig. 2a). This per-
centage increased from 1.30% in 2009 to 2.86% in 2020
(R*=0.56, F (1, 10)=12.91, p=0.005, p=0.75). After the
SGBA evaluation criteria were adopted by CIHR in 2019,
grants with abstracts mentioning sex in the abstract in 2020
comprised 2.86% of funded grants, which was a decrease
from 3.21% in 2018 and 4.43% in 2019.

Results indicated that grants with abstracts mentioning sex
were awarded 1.67% of all funding dollars from 2009 to 2020
(Fig. 2b), which increased significantly from 1.07% in 2009 to
2.33% in 2020 (R*=0.37, F (1, 10)=5.99, p=0.03, =0.61).

The percentage of grant with their abstracts mentioning
gender did not change from 2009-2020 and funding
amounts decreased

Grants with abstracts mentioning gender were 0.66% of
total CIHR-funded grants from 2009 to 2020 (Fig. 2a)
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B. Percentage of Funding

Gender Remaining Grants

Fig. 2 Mean percentage of grant abstracts and funding awarded to each category of health research that mentioned the terms listed. A Pie chart
of the percentages of Canadian Institutes of Health Research (CIHR) grants in each category (% of total grant abstracts) from 2009 to 2020. N =8964.
Sex: 1.94% (n=170); 25/LGBTQ+: 0.35% (n = 33); female-specific: 5.92% (n=517); gender: 0.66% (n=60);"Sex/Gender omitted”: 91.65% (n =8,230).
Additionally, 4.07% of the grant abstracts were female-specific excluding cancer grants (n=367). B Pie chart of the percentage of CIHR funding
dollars (% of total funding amounts) for categorized grants abstracts from 2009 to 2020. Sex: 1.67%; 2S/LGBTQ +: 0.36%; female-specific: 5.65%;
gender: 0.46%; Sex/gender omitted: 92.27%. Additionally, 3.81% of the grants were female-specific excluding cancer grants

and 0.57% of projects funded in 2020. Although the per-
centage of grants that were funded decreased from 0.64%
in 2009 to 0.57% in 2020 (see Fig. 3), this was not sta-
tistically significant (R?=0.18, F (1, 10)=2.20, p=0.17,
B=—0.042).

The percentage of funding dollars awarded to grants
with abstracts mentioning gender remained below 1%
(0.46%) of the total amount of funding awarded by CIHR
from 2009 to 2020 (Fig. 2b). This percentage significantly
decreased from 0.80% in 2009 to 0.31% in 2020 (R?=0.46,
F (1, 10)=8.55, p=0.02, B=— 0.68). This indicates that
although the percentage of grants awarded to study
gender did not change, funding dollars awarded to such
grants decreased over time (Table 1).

Grant with abstracts mentioning female health did

not change across 2009-2020, but the percentage

of funding dollars increased by more than 3%

Our results indicate that from 2009 to 2020, 5.92% of
funded grants were allocated to female-specific health
research (Fig. 2a). There was no significant difference in
the percentage of grant abstracts that mentioned female-
specific research over time (from 4.54% in 2009 to 6.58%

in 2020) (R*=0.08, F (1, 10)=0.82, p=0.39, p=0.28).
However, 5.65% of CIHR funding dollars were awarded to
female-specific proposals (as identified by their abstracts)
from 2009 to 2020 (Fig. 2b), which did significantly increase
across the years from 3.37% in 2009 to 6.84% in 2020
(R*=0.32, F (1, 10)=4.75, p=0.05, B=0.57).

We next performed a sensitivity analysis by removing
grants awarded for “female” cancers that were identified by
their abstracts [15, 16]. After removing these grants, grants
awarded to female-specific research comprised 4.07% of
total grants awarded from 2009 to 2020. There was no sig-
nificant change in the percentage of female-specific grants,
excluding cancer, over time (from 2.85% in 2009 to 4.01% in
2020) (R*=0.10, F (1, 10)=1.15, p=0.32, =0.32; Fig. 3b).

However, removing cancer grants did impact funding
trends over time. The percentage of funding allocated to
female-specific health, excluding cancer research, fell to
3.81% from 2009 to 2020 (Table 1), and the difference in
funding dollars awarded across years for female-specific
health was no longer significant (1.95% in 2009 to 4.00%
in 2020) (R*=0.12, F (1, 10)=1.34, p=0.27, =0.34). This
suggests that research on female-specific cancers was
driving the increase in funding for female-specific health
between 2009 and 2020.
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Fig. 3 Mean percentage of grants awarded to each category of health research. A-C Percentage of total grants funded by Canadian Institutes

for Health Research (CIHR) binned in three time points: 2009-2012, 2013-2016, and 2017-2020. Data points indicate individual years within the
range and error bars represent standard error of the mean (SEM). A Percentage of grants funded by year that mentioned sex (yellow) and gender
(green) in their abstracts remained below 2% throughout the years. Grant abstracts that mentioned sex increased over time (R?=0.56,F (1,
10)=1291, p=0.005, 3=0.75) but grant abstracts that mentioned gender did not (R*=0.18, F (1, 10)=2.20, p=0.17, B=— 0.042). B Percentage

of grant funding amounts (funded by year) that mentioned female-specific health or disease factors (red), or with female-specific health without
cancer research (purple). The percentage of grants awarded in either category did not increase over time [Female-specific: R?=0.08,F (1,10)=0.82,
p=0.39, =0.28; female-specific without cancer: R?=0.10, F (1, 10)=1.15, p=0.32, =0.32]. The percentage of grants that mentioned 25/
LGBTQ + health (blue) in their abstracts funded by year remained below 1% across all years but increased significantly over time [R2=0.36, F (1,

10)=5.53, p=0.04, B=0.60]

Table 1 Funding data in 4-year bins

Years Female-specific Female-specificw/ Sex grants funding Gender grants 2S/LGBTQ+grants  Total for
grants funding out cancer grants funding funding all grants
funding funding
2009-2012 $88,176,847 (4.76%)  $53590,011(2.91%)  $19,471,838(1.07%) $10,587,955 (0.58%)  $4,689,111 (0.25%) $1,838,500,442
2013-2016 $97,552,417 (6.00%)  $70,813,456 (4.55%)  $21,339,244 (1.42%)  $8,441,267 (0.50%) $4,782,071 (0.27%) $1,731,993,160
2017-2020 $123,992,008 (6.19%) $78,583,385(3.97%)  $53,585,969 (2.51%)  $6,486,435 (0.31%) $12,219,729(0.58%)  $2,002,035,786
Total (2009-2020) $309,721,272 (5.65%) $203,682,822 (3.81%) $94,397,051 (1.67%) $25515,657 (046%)  $21,690,911 (0.36%)  $5,714,297,846

Total funding amounts in Canadian dollars and average percentage of total funding amount (%) for female-specific grants, female-specific grants without cancer
grants (excluding any grant abstracts related to female-specific cancers), grants in which the abstracts mentioned sex, gender, or 25/LGBTQ + by year awarded by

CIHR. These amounts included are for the total grant award given in any year (for example typically awards are given over 4-5 years)

The percentage of grant abstracts mentioning 2S/

LGBTQ +-specific health and funding allocated

to these projects more than tripled across 2009-2020,

but remained less than 1% of all funded grants

Grant abstracts that mentioned 2S/LGBTQ+ -specific
health comprised less than 1% (0.35%) of total grants
funded by CIHR from 2009 to 2020 (Fig. 2a). There was
a significant increase in the percentage of grants funded
throughout the years, from 0.13% in 2009 to 0.43% in 2020
(R*=0.36, F (1, 10)=5.53, p=0.04, p=0.60; Fig. 3c). The
percentage of grant money awarded to grants mention-
ing 2S/LGBTQ+-specific health also remained below
1% (0.36%) from 2009 to 2020 (Fig. 2b), increasing from

0.05% in 2009 to 0.46% in 2020, which was not significant
(R?=0.22, F (1, 10)=2.82, p=0.12, p=0.47).

The percentage of grants funded and funding dollars
awarded to grant that omitted mention of sex/gender

in their abstracts decreased by roughly 3% across 2009~
2020

Grants that had abstracts that did not mention sex/gen-
der (did not mention sex, gender, female specific or 25/
LGBTQ +specific health) comprised 91.65% of total
grants overall from 2009 to 2020 (Fig. 2a). This percentage
significantly decreased over time, from 93.51% in 2009
to 90.41% in 2020 (R*=0.41, F (1, 10)=7.07, p=0.02,



Stranges et al. Biology of Sex Differences (2023) 14:40

p=— 0.64; data not shown). Grants with abstracts that
did not mention sex/gender received 92.27% of funding
dollars from 2009 to 2020 (Fig. 2b). This percentage also
decreased significantly over time, from 93.58% in 2009
to 91.09% in 2020 (R*=0.46, F (1, 10)=8.49, p=0.02,
p=-0.68).

No significant differences seen in the proportion

of funded grant keywords using sex, gender, or female
across “subject type”

Subject population is not a searchable field on the CIHR
database. Thus we searched abstracts and keyword fields

A. Human Keywords
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for the search terms listed in the Methods section. We
performed a Chi-square analysis to determine whether
the percentage of funded grants using abstracts and
keywords that mentioned the populations to be stud-
ied [human (#=310), mice (n="748), cells (#=236)] and
cross-referenced with mention of sex, gender or female.
We combined the terms sex or gender for mice and cells
in the analysis due to conflation of these terms in ani-
mal models. The percentage of funded projects with sex/
gender in keywords was not significantly different across
population groups (x*=4.784, p=0.091) (Fig. 4).

B. Cell Lines/ In Vitro Keywords

C. Mice Keywords

Sex ® Female

Gender

No mention of SexYGender

Fig. 4 Keyword search for mentions of sex, gender, or female health, in given proposal keywords separated by subject category. Data obtained
from search of "keywords" associated with grant abstract. A In grants with Human subjects (obtained by key word search): 11% (n=34) also had a
keyword of “sex’, 3% (n=10) had a keyword of “female’, 3% (n="9) had a keyword of gender, and 83% had no keyword mention of sex, gender, or
female health. (B) In grants with keywords that mentioned cell lines, cell culture or in vitro subjects: 3% (n=7) also had a keyword of “sex’, 1% (n=3)
had a keyword of “female’, 4% (n=9) had a keyword of gender, and 92% had no keyword mention of sex, gender, or female health. C In grants

with mice subjects (obtained by keyword search): 5% (n=37) also had a keyword of “sex’, 3% (n=25) had a keyword of “female’, 2% (n=17) had a
keyword of gender, and 89% had no keyword mention of sex, gender, or female health
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Discussion

Overall, our analysis of CIHR research funding allocation
by reviewing the awarded abstracts revealed that, from
2009 to 2020, 91.65% of grants did not have sex or gender
mentioned in their abstract of proposed research. Across
all groups examined, the percentage of grants awarded
and the funding dollars allocated to projects which
in their abstracts mentioned female-specific health,
2S/LGBTQ+-specific health, or sex or gender of the
research participants was below 10%, and slightly lower
for funding dollars compared to percentage of grants
funded. Although the percentage of grants with abstracts
that mentioned sex or 25/LGBTQ +-specific health dou-
bled over the 12 years, both remained under 3% of grants
funded in 2020 (Fig. 5a). The percentage of CIHR grants
with abstracts that mentioned female-specific health or
gender in health did not significantly change across the
years. However, the percentage of grants with abstracts
that did not mention sex/gender declined by approxi-
mately 3% over the twelve years yet still remained at
more than 90% of grants in 2020. Overall, we found
that CIHR mandatory SGBA reporting in applications
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in 2010 and scoring in 2019 was commensurate with an
increase in the amount of funded health research that
mentioned two of the specified groups in our analysis
(2S/LGBTQ+and sex; see Fig. 5b). Although the gains
have been modest (increasing by 0.3% and 1.5%, respec-
tively), our findings suggest that overall funding allocated
to grants mentioning sex, gender, female-specific health,
or 25/LGBTQ +-specific health research remains below
10% of all funded Project/Operating grants at CIHR after
more than 10 years of SGBA adoption.

The percentage of funded grants with abstracts
mentioning sex or gender has largely remained

unchanged and funding amounts have stagnated

or declined

In the current study, we found that funded projects men-
tioning sex or gender in their abstracts comprised 2.57%
of grant abstracts funded and 2.13% of the research dol-
lars dispersed from 2009 to 2020. Although the percent-
age of grants with abstracts mentioning sex increased
significantly by 2% between 2009 and 2020, the percent-
age of grants with mentions of gender in the abstract did

A. % of CIHR Grants

2020

Female-specific

2.9% - Female-specific w/o cancer grants - 4.0%

2% @

—

0.65% ‘ Gender . 0.57%
0.13% 2S/LGBTQ+ ' 0.43%
% of CIHR Funding
B. 2009 2020

Female-speciic

1.9% - Fomalo-spocific w/o cancer grants - 4.0%

% @

0.80% ‘

0.05%

Gender

2SAGBTQ+

- 2.3%

D 0.46%

Fig. 5 An infographic depicting the change in percentage of grants and funding between 2009 and 2020 for awarded Canadian institutes of
Health Research (CIHR) grants for the different categories. The change in percentage (%) of grants (A) and funding amount (B) in the years 2009
and 2020 that did not mention of sex and gender in their grant abstracts or mentioned female-specific health, female-specific health not including

cancer based grants, sex, gender, or 25/LGBTQ + health
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not change across the years. Moreover, when comparing
the percentage of grants with abstracts mentioning sex
with the amount of funding allocated to these projects,
we found that funding amounts increase was dispropor-
tionately smaller (2.68% versus 3.12% of grants), indicat-
ing funding amounts are increasing at a slower rate than
the percentage of grants awarded. In contrast, fund-
ing for grants that mentioned gender in their abstracts
decreased across this same time period.

Worldwide, research funding bodies have recognized
the importance of bridging the gap in knowledge of sex
and gender differences in health and implemented man-
dates to encourage its scientific inquiry. An analysis of
CIHR submitted grants reported that in 2019, 83% of
submitted grants had checked that they were consider-
ing sex and 33% considered gender in their research [33].
However, our results examining the published funded
abstracts, suggest a different conclusion, albeit with sev-
eral caveats due to the nature of the data we can publicly
assess. The differences in findings between the current
analyses and those from Haverfield and Tannenbaum
(2021) may be due the population of grants analyzed
(funded versus submitted, respectively) or in what was
analyzed (public abstract versus mandatory checkbox).
It will be important to understand whether or not future
publications stemming from these funded projects result
in dissemination of SGBA. However, the current find-
ings of a low percentage of mention of sex/gender in the
abstracts are in line with previous reports that demon-
strate that publications in a wide variety of disciplines
have low rates of dissemination and analyses of findings
by sex or gender [23, 24, 48, 49]. It is very possible that
researchers did not include sex/gender in their abstracts,
but will ultimately publish their findings with respect
to sex/gender. To understand the relationship between
funding and eventual publications, it would be important
to have a public repository of published findings linked
to the funded projects, similar to that of other funding
agencies, such as NIH.

Cancer research received more money per grant than other
female-specific health grants

In the current study, we found that female-specific
research comprised 5.92% of grants funded from 2009
to 2020 and correspondingly 5.65% of research dollars
disbursed, and neither measure increased significantly
over time. Female-specific cancer research accounted
for approximately 31.3% of this funding; removing these
grants we found that 4.07% of grants that were funded
mentioned female-specific health in their abstract. This
draws a parallel to previous findings in the published
literature, where only 5% of neuroscience publications
[50], 3—4% of neuroscience and psychiatry papers [23] or
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under 1% of human imaging studies investigated female-
specific health [51]. This is disproportionately lower than
male-specific studies that represented up to 50% of neu-
roscience publications in 2010-2014 [50], and 27% of
neuroscience and psychiatry publications in 2009 and
2019 [23]. These findings are important as data from the
United States shows that diseases that disproportion-
ately affect women are less likely to be funded [14]. Taken
together, these findings suggest other efforts will need to
be adopted to improve women’s health and female-spe-
cific health funding.

Gynecologic and breast cancer grants (as identified
by abstracts) accounted for approximately 31% of the
female-specific funded grants. This suggests that female
cancer research initiatives received a third of the overall
amount of funding dollars awarded for female-specific
health inquiries. To make progress towards health equity,
it is important for funders and researchers to recognize
that many diseases have unique risks, symptomatology
and treatment in females and that female-unique experi-
ences alter health outcomes and disease risk [11, 25, 52,
53]. For example, disorders during pregnancy, such as
preeclampsia and gestational hypertension elevate the
risk of type 2 diabetes and cardiovascular disease later in
life [52]. Despite evidence of female-specific factors influ-
encing health conditions [54], studies have neglected the
adequate use of females in their research [25], contribut-
ing to poor health outcomes in females, including greater
adverse side effects to new therapeutic drugs [11, 53].

2S/LGBTQ +-specific health was awarded less than 1%

of the funding dollars

Our findings indicate that grants with abstracts men-
tioning 2S/LGBTQ+-specific health comprised less
than 1% of overall funded grants and funding dollars
from 2009 to 2020 at CIHR for Operating and Pro-
ject Grants. Although the proportion of grants with
abstracts mentioning 2S/LGBTQ +-specific health did
increase across the 12 years (0.3%), the amount of fund-
ing dollars did not significantly increase across the same
time. 2S/LGBTQ +-specific health has been systemati-
cally excluded from health research resulting in greater
health disparities for 2S/LGBTQ+community mem-
bers [55]. For example, lesbian women are less likely to
access cancer prevention services compared to hetero-
sexual women [56] and gay men are at a higher risk of
contracting HIV compared to their heterosexual coun-
terparts, especially among communities of color [34].
Furthermore, 2S/LGBTQ +individuals are at higher risk
for poor mental health outcomes [57], psychological dis-
tress [58], and suicidal ideation [59] relative to hetero-
sexuals. 2S/LGBTQ+ community members have higher
rates of disability [35] and poorer general health [59].
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Thus, 2S/LGBTQ + health requires explicit attention and
funding dollars to address these disparities. Although it
is encouraging that 2S/LGBTQ+research is trending
in the right direction, dedicated funding initiatives are
required to help close the health disparity gap for the 2S/
LGBTQ + community.

Limitations

Although the current study contributes to our under-
standing of the funding landscape with respect to suc-
cessful grants mentioning sex, gender, women and 2S/
LGBTQ +health in Canada, there are limitations to this
study. First, it is important to consider we were only able
to look at publicly available abstracts (which is limited to
a maximum of 2000 characters) rather than the full sci-
entific summaries or the grant proposals themselves. The
character constraint of these public abstracts introduces
a number of limitations, and having access to full sum-
maries may have allowed us to evaluate SGBA intentions
in CIHR Operating and Project grant proposals outside
of what was examined in this study, mention of sex or
gender in the study population.

As we only examined the public abstracts of grants, in
the future it would be important to examine the concord-
ance of the public abstract to the scientific abstracts and/
or the full grant proposals themselves. It is very possible
that grant proposals were using sex and gender but did
not record the use of their population in the abstract. It
also seems reasonable to expect that if sex and gender
considerations were central to the experimental design,
descriptions of the participants by sex and gender would
have been mentioned in the abstract. However, it is pos-
sible this assumption is not correct. An informal analysis
by the authors suggest a great variability in concordance
of the abstract to the grant proposal itself with respect
to sex and gender as LAMG found 100% concordance
of mention of sex/gender in the abstract to submitted
grants as principal investigator, 90% as co-investigator
but only 33% as a reviewer. In the future it is our recom-
mendation that public funders, such as CIHR, ensure
that there is publicly available data on the population
studied within the grant proposal (human, animal, cell
lines) and whether or not sex/gender, female health or
2SLGBTQ + health will be considered.

Another important point for funding agencies to con-
sider is what amount of information in the proposal
itself would constitute compliance with the SGBA man-
date. Is a one sentence mention of an analysis by sex
and/or gender in the grant enough? Should the hypoth-
eses, background information and methods sections
consider sex and/or gender? Clarifying how to achieve
the goal of the SGBA mandate would enable research-
ers to better comply with the mandate and allow for
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more in-depth analyses of compliance to be completed.
We also recommend that CIHR include the type of sub-
ject used per proposal (i.e., human, mice, cell lines etc.),
to be included in the publicly available database.

Results in the present paper mirror those of analyses
examining the published literature [23, 37, 45, 50]. The
present study found that under 4% of proposal abstracts
mention sex or gender and ~ 5% mention female-specific
researchers which aligns with reports in the published
literature across multiple disciplines [23, 60]. In terms of
studies statistically examining a possible sex difference
in neuroscience or psychiatry, one study found approxi-
mately 5% of neuroscience studies examined sex as a
possible discovery variable (rodent, human, cells studies
were considered; [23]) and another study found 14% of
human psychiatric studies [61]. Across a wide variety of
disciplines (behavior, behavioral physiology, endocrinol-
ogy, general biology, immunology, neuroscience, pharma-
cology, physiology and reproduction), approximately 7%
of studies considered sex as a discovery variable [60]. All
of the above-mentioned studies excluded the use of sex as
a covariate as covarying sex is problematic on a number
of levels [62]. When removing studies that used sex as a
covariate or other non-optimal analyses (not including
sex as a discovery variable), the percentage of publica-
tions using sex in the analyses was 2—7% of publications
across a variety of disciplines [23, 60], which is at least
partially consistent with our results. We also see align-
ment with our finding of approximately 5% of funded
grant abstracts referring to female-specific research and
publications finding 0.5-5% of a wide variety of research
is in females [23, 51]. However, it is also important to
note that microarray and RNA-seq databases have more
equivalent use across males and females (females: 21.6—
25.8% (human and mice) versus males: 18.9-31% [63].

Further, although we examined nearly 9000 Canadian
CIHR project grants, it is crucial to understand world-
wide health research funding trends. Future research
should consider evaluating other funding agencies’
mention of sex/gender in project abstracts, such as the
NIH, Horizon Europe, the Council of Scientific and
Industrial Research (CSIR, India), Nottingham China
Health Institute (NCHI), and the African Academy of
Sciences. To this end, other analyses of disease burden
would also be important to uncover, as one study found
that funding was disproportionately lower for diseases
that had a greater burden for females [14].

Perspectives and significance

It is important to underscore that much of the existing
work in this field has been focused on binary sex and
gender. Looking beyond this allows for a more nuanced
understanding of complex issues that include multiple
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perspectives. Given the importance of studying sex,
gender, females-specific factors, and 2S/LGBTQ +-spe-
cific effects on all four pillars of research (biomedical,
clinical, population health, and health services), we have
developed recommendations for future promotion and
evaluation of sex and gender in health research. First, we
recommend specific, ring-fenced funding for sex, gender,
female-specific health, and 2S/LGBTQ +-specific health.
Dedicated funding has a multifold effect to increase the
number of investigators, and the number of publica-
tions which drives discovery into disease management
and treatments. Recent examples of this can be seen
with research funding awarded to AIDS and ALS [64,
65]. Indeed, CIHR, via funding initiated directly from
the Institute of Gender and Health, has held success-
ful funding competitions dedicated to Sex as a Biologi-
cal variable. In 2017, this competition awarded just over
$4.3 million in Catalyst Grants for Sex as a Variable in
Biomedical Research. However, this represents 3.36% of
funding for specific research areas awarded by Institute-
driven research competitions (e.g., catalyst and other
grants) in that same year. Although the success of this
funding competition was modest in the context of CIHR’s
larger Project Grant budget, it is possible these Catalyst
funds spurred the increase in grants on sex differences in
2018-2020 as seen in Fig. 3A. Increasing dedicated fund-
ing amounts and requests for applications to reflect the
need for health equity, greater engagement in sex, gen-
der, female-specific health, and 2S/LGBTQ +-specific
health would not only encourage future research pro-
posals to properly integrate SGBA, but also inspire the
next generation of researchers to investigate the role of
sex and gender in health, female-specific health, and 2S/
LGBTQ +specific health.

For many granting agencies, once funds are awarded
there is no reporting mechanism in place to determine if
the awarded money was spent on the proposed project.
Therefore, despite requiring a disclosure of how SGBA is
represented in the grant application, there is no require-
ment for performing research with appropriate sex or
gender considerations to receive funding, nor is there a
requirement to report on SGBA findings at the end of
the award. Funding agencies should consider introducing
mechanisms of accountability for SGBA after funding has
been awarded [48].

Publishers also play a critical role in advancing sex
and gender in health research. An academic publisher
is tasked with the proper validation of scientific find-
ings [66]. As such, implementing rigorous standards
for SGBA is an important step to enhance the uptake
and utilization of SGBA. For example, as of June 2022,
researchers who submit to certain Nature Journals are

Page 12 of 14

prompted to state why or why not SGBA was used in
addition to noting if results are gender- or sex-specific
in the title or abstract [67]. Furthermore, the Sex and
Gender Equity in Research (SAGER) guidelines have
been developed to ensure authors supply informa-
tion on sex and gender throughout their manuscripts,
including in the title and abstract [68]. These additions
monitor SGBA at an additional step in the academic
research and dissemination process. Funding agen-
cies could also adopt a similar approach, to require the
grant abstracts include population characteristics with
respect to sex and gender to make it more salient to the
public what population is being examined.

Although collectively the understanding of the need
for and recognition of sex and gender in research may
be improving, it still remains at low levels in publica-
tions and dissemination and perhaps funding. The
research community needs to acknowledge that for
publications, clinical trials, and grant funding applica-
tions, SGBA integration needs improvement. In line
with previous reports [23, 29, 67], we found that grants
awarded to research mentioning sex and gender differ-
ences, female-specific health, and 2S/LGBTQ +-spe-
cific health consistently represented a small percentage
of awarded grants and funding from 2009 to 2020. The
aspiration of SGBA is that widespread adoption of its
principles will result in an equitable future for health
where female-specific health, 2S/LGBTQ + health,
racialized and gendered experiences, and more are con-
sidered. SGBA mandates and frameworks are a first
step in ensuring researchers contribute to a more rep-
resentative body of knowledge, but continued efforts
are needed to improve knowledge dissemination and
increase funding to advance health equity in research.

Sex and gender meaningfully contribute to differ-
ences in health through differing disease risk and mani-
festation, treatment response, and healthcare seeking
behavior [1, 10, 26, 27]. However, sex and gender have
been historically neglected in health research, leav-
ing gaps in our knowledge of how best to diagnose and
treat illnesses affecting people of both sexes and any
gender identity. These gaps contribute to ongoing sex
and gender disparities in health outcomes that may be
rectified if more time and resources are devoted to such
research.

Abbreviations

SGBA Sex and gender-based analysis

CIHR Canadian Institutes of Health Research

NIH National Institute of Health

SABV Sex as a biological variable

2S/LGBTQ+ Acronym used to signify Two-Spirit, Lesbian, Gay,
Bisexual, Transgender, Queer or Questioning, Intersex,
and Asexual people collectively
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