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A B S T R A C T

Background: A large body of research provides evidence for sex differences in cognitive abilities. These sex dif-
ferences stem from the interplay between biological sex (e.g., birth-assigned sex, sex hormones) and psychosocial
gender (e.g., gender identity, gender-roles, sexual orientation). Literature remains rather mixed with regards to
the magnitude of sex and gender effects on cognitive abilities and mental health. Growing evidence shows that sex
hormone assessment combined with measures of psychosocial gender may be fundamental to comprehensively
understand individual differences in sexually dimorphic cognitive abilities.
Objectives: This study protocol describes a sexually dimorphic cognitive battery to assess the influence of sex
hormones on performance. In parallel, we aim to assess the inter-related effects that biological sex and psycho-
social gender-based factors exert on cognition and mental health.
Methods: Our projected sample includes 180 adult participants who are at least 18 years old. Sub-groups will be
recruited based on birth-assigned sex, gender identity, and sexual orientation. Biological measures will be
collected via salivary samples throughout testing to include sex hormones (testosterone, estradiol and proges-
terone) and stress hormones (cortisol). Demographic and psychosocial variables will be measured through self-
report questionnaires. Participants will be required to complete eight classic cognitive tasks that assess a vari-
ety of cognitive domains in a 2-h testing session.
Results and future directions: Results from this study provides unique insights into the correlates of cognitive sex
differences and gender diversity. This will give us solid ground to further investigate these influences in clinical
populations in which sex hormones and cognitive functioning are often altered.
1. Introduction

The sexes differ in their cognitive abilities. Despite decades of
research on sexually dimorphic cognition, this research area remains
complex and controversial. Many studies have argued that the sexes are
more similar than dissimilar as the effect sizes observed are often quite
small [59]. In general, women perform better at verbal tasks assessing
phonemic fluency [119], verbal working memory [68] and reading
abilities [106]. Moreover, women tend to have better social cognitive
abilities including facial and emotional recognition [91]. They also
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perform best at verbal episodic memory tasks whereas men present better
spatial episodic memory [54]. For their part, men show better spatial
abilities than women in mental rotation and navigational tasks [34,50].
These sex differences in cognitive functions seem to persist throughout
life and into older age [74]. Indeed, research among the elderly shows
that cognitive decline as a result of aging is greater among men than
women in several domains such as perceptomotor speed and integration
as well as visuospatial abilities.

Sex differences in cognition are also fundamental in neuropsychiatric
conditions as they relate to variability in onsets, prevalence,
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symptomatology and cognitive alterations observed. Importantly, the
sexes often differ in multiple neuropsychiatric and neurodegenerative
conditions such as Alzheimer’s disease, autism and schizophrenia [5,39,
46]. One hypothesis potentially explaining these differences focuses on
the implication of sex hormone variations [4,46]. This evidence justifies
the relevance of investigating sex hormone correlates of sexually
dimorphic cognition in diverse populations.

1.1. Biological variables

1.1.1. Sex hormones
Sex hormones and their variations have great implications in shaping

cognitive sex differences [52]. Nonetheless, there is great within-sex
variations which warrant consideration of sex hormone effects on the
brain in a dimensional manner rather than a categorical one [51]. In
brief, sex hormone influences are exerted in two parts through activa-
tional and organizational effects [1]. Organizational effects occur at
critical periods (6–12 weeks) of fetal development in which sexual dif-
ferentiation of the brain occurs [107]. These prenatal processes often
expose females and males to different gradients of sex hormone con-
centration [82]. During this time, the male brain is exposed to androgens
which will have defeminizing and masculinizing effects whereas the fe-
male brain is protected through the active suppression of androgen
exposition [81,82].

Organization sex hormone effects can be disrupted or altered in
several situations. For example, Congenital Adrenal Hyperplasia (CAH) is
a condition in which individuals are exposed to irregular surges of sex
hormones during prenatal development. Those with this condition show
a spatial advantage among females [79], demonstrating a masculinized
organizational effect. Similarly, prior to gender affirming hormonal
therapy, transgender individuals seem to present differential brain acti-
vation patterns during cognitive tasks (e.g., verbal fluency) – congruent
with their gender identity rather than their birth-assigned sex [80,105].
This may support some organizational effects of sex hormones on gender
identity; however, the literature remains rather mixed and further in-
vestigations need to be conducted. Despite being permanent, the brain’s
organization interact with later activational effects that occur during
puberty and deactivation effects after reproductive age.

Activational effects are defined as the shaping of behavior and
cognitive abilities by time varying circulating sex hormone changes
through the lifespan [126]. They can also be observed via hormonal
therapy in aging populations. For instance, when administered androgen
blockers, men suffering from prostate cancer seem to show lower vi-
suospatial abilities and increased verbal memory [25]. Similarly, for
women, they seem to have their verbal abilities enhanced when under-
going hormonal therapy in studies of healthy participants and patients
afflicted by Alzheimer’s disease [49,127].

Sex hormone exogenous administration also provides great insight
into activational effects as they seem to modulate social and cognitive
behaviors [21], Evidence shows that women’s mental rotation ability is
enhanced when administered testosterone [88]. In men, testosterone
administration has also been linked to diminished social cognitive abil-
ities whereas estrogen increases emotional reactivity [83]. Interestingly,
a meta-analysis showed that transgender people undergoing gender
affirming hormonal therapy had enhanced cognitive performance in
mental rotation and verbal fluency, which is congruent with their
gender-identity [63]. For example, female-to-male transgender people
performed better than male-to-female transgender people when admin-
istered testosterone. Exogenous administration methods, however, pre-
sent some limitations (ex. time laps and dosage) and results could be
influenced by numerous psychosocial variables [21]. Taken together,
activational effects on cognitive functions need to be further investigated
as reviews seem to show mixed and inconsistent results for both women
and men [24,58,74,115] as well as gender diverse people. This highlights
the complex nature of the processes underlying cognitive abilities that
interact in a dynamic fashion across lifespan development from womb to
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tomb [107].
Testosterone in men has been shown to vary for circadian, circa-

trigintan (i.e. 30 day cycle) as well as seasonal rhythms [23,42,104]
which seems to modulate their mental rotation performance [84]. Evi-
dence also demonstrates an effect of circulating testosterone on mental
rotation as error rates and response time were negatively associated with
testosterone levels [57]. Similar results showed that testosterone had
positive effects on mental rotation and that this effect varied as a function
of age [110]. One study also demonstrated a positive association between
testosterone concentrations and mental rotation performance of boys as
young as 1–2.5 months old, suggesting organizational effects of sex
hormones on cognition [28]. However, androgen’s influence in the
shaping of boy’s and men’s cognitive performance present somewhat
controversial results. Some results show no associations between
testosterone and mental rotation for neither men and women [93]. One
twin study also found no correlations between prenatal sex hormones
[112]. Moreover, it appears that pubertal testosterone surges were
negatively associated with mental rotation performance later on for
young adult males [118]. These rather conflicting results could be
explained by a myriad of factors such testosterone assessment itself (ex.
time varying cycles and metabolic activity), but also the psychometric
properties of cognitive tasks [22].

Menstrual cycle variations are also integral to a women’s reproduc-
tive life and also seems to influence cognition. Progesterone and estradiol
levels vary over a 28 day period, but can range between 24 and 38 days
for adult women [41]. These hormonal shifts divide the menstrual cycle
into two phases. First, the follicular phase that occurs right after
menstruation is characterized by low progesterone and estradiol at first
and then an increase of estradiol towards the end [98]. Secondly, the
luteal phase occurs thereafter and is characterized by relatively low
estradiol and an increase in progesterone until the mid-phase followed by
a consistent decrease of both sex hormones towards the end of the phase
[98]. Interestingly, research has shown that women’s performance on
verbal and motor tasks are diminished during the mid-luteal phase of
their cycle, the phase when estradiol is lowest [72]. Similarly, mental
rotation performance is highest during the preovulatory period in which
both progesterone and estradiol are low [84]. Moreover, women in the
luteal phase use different cognitive strategies in navigational tasks which
leads them to perform better [102]. Sustained attention and the ability to
discriminate different stimuli is also a cognitive domain that seems to be
modulated by menstrual cycle [89]. Despite demonstrating a central role
of estrogen and progesterone in cognition and brain functions, results
need to be further replicated as they appear to be inconsistent [37,67].

Similarly, oral contraceptives provide additional insights into the
assessment of sexually dimorphic cognition. Oral contraceptives have a
direct impact on hormonal fluctuations by blocking ovulation. Oral
contraceptives vary based on (A) their androgenic activity and (B) their
hormonal composition (ex. ethinyl estradiol and progesterone) at
different moments of the cycle [29]. While results are inconsistent,
women seem to have better verbal memory during the active phase of the
contraceptive pill compared to other phases [76]. Furthermore, women
using anti-androgenic contraceptives and naturally cycling women show
better verbal abilities than women using contraceptives with androgenic
properties [8]. These findings strongly highlight the need to consider oral
contraception in the study of sexually dimorphic cognition in addition to
other medications that can modulate sex hormones.

1.2. Psychosocial variables

1.2.1. Sexual orientation
Sexually dimorphic abilities do not rely solely on sex hormone in-

fluences as other factors like gender identity, gender-roles, and sexual
orientation may also contribute to inter-individual variability within the
sexes even if some studies have found no differences [44]. In general, it
appears that gay men have similar performance patterns to heterosexual
women and significantly differ from heterosexual men in spatial tasks
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and verbal fluency [95,96,124]. This has led to the hypothesis of a
cross-sex(gender) shift in cognitive performance for sexual minorities
that may be due to early prenatal androgen exposition [96,124]. Sexual
orientation and cross-sex(gender) cognitive performance could be a
function of organizational effects on the brain [27]. This hypothesis
seems supported by results showing that women with CAH present
male-like spatial performance and more sexual attraction towards same
sex individuals [55,94]. Moreover, a multivariate meta-analysis showed
results in support of this hypothesis as sexual minorities presented
sex-reversed patterns at both male and female favoring sex-typical spatial
tasks [125]. As for lesbian women, they seem to perform according to
their birth-assigned sex in some cognitive domains such as spatial
memory [20] rather than showing a sex-reversed pattern. The
meta-analysis conducted by Ref. [125]; showed that lesbian women
performed accordingly to their sex demonstrating patterns similar to
heterosexual women – thus confirming previous results. However, this
area requires further investigation as some results show that lesbian
women have better mental rotation performance compared to hetero-
sexuals [44].

1.2.2. Gender
Gender is defined by the a self-identification and behaviors associated

with socio-cultural constructions of sex stereotypes that are classically
associated with femininity and masculinity [92]. This definition rose
from the necessity to disentangle social implications from biological ones
in the shaping of masculinity and femininity which has been espoused by
feminist academics [61]. This shift has contributed to the ongoing debate
between evolutionary perspectives and feminist scholars regarding the
study of male and female sex differences [18,35]. Gender as opposed to
sex, would not be binary, but rather fluid and better illustrated on a
dimensional scale rather than a categorical one. Beyond this position,
gender can be better defined as the manner by which societies and cul-
tures build psychosocial attributes based upon biological sex [30].

Gender can be sub-divided into many sub-facets such as gender
identity (i.e., personal identification to one’s gender) and gender-roles
(i.e., attitudes and behaviors enacted as a function of one’s gender
identity). Gender schema theory proposes that the sexes internalize social
norms associated with femininity and masculinity and mimic those be-
haviors/attitudes in order to remain coherent with their self-perception
[10,13,30,32]. This integration process leads to the perpetuation of so-
cial stereotypes thus generating the differences we may observe between
the sexes in multiple domains (ex. cognitive abilities). Moreover, ac-
cording to this theory, the gender-self can develop itself in non-binary
categories (i.e. androgynous and undifferentiated) [9]. This led to the
development of the Bem Sex-Role Inventory [11]. Despite many critics
due to evolving gender-role conceptualizations [33], this instrument
remains an instrument that greatly shaped our thinking about gender
[70].

According to gender schema theory, social norms and gender-
identification effect cognitive abilities [77,78]. Evidence suggest that
gender-role identification may mediate sex-typed cognitive performance
when it matches birth-assigned sex [99]. For example, verbal and spatial
abilities would then be increased when gender-roles are consistent with
sex. However, this has yet to be conclusively determined as some studies
show that cognitive performance is more accurately predicted by sex
rather than by gender-role identification [64]. Moreover, one study
showed that women believing that their mathematical performance was
driven by biological factors scored lower than women believing their
performance was influenced by social factors [31]. This suggests that
social implications are central to a better understanding of sexually
dimorphic cognition.

1.3. Rational for project proposal

In sum, sexually dimorphic cognition seems to be influenced by a
myriad and multiplicity of biological and psychosocial variables.
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However, few studies have determined the extent and manner by which
each sex- and gender-based factor is related to cognitive performance.
Specifically, the study of sex hormone implications on cognition and its
relation to mental and physical health in different populations repre-
senting diversity in sex, gender, and sexual orientation is highly war-
ranted. Indeed, only a handful of recent studies began to look at this
research question using a transdisciplinary approach. To further advance
this area, the current project protocol aims to better understand the un-
derlying sex and gender mechanisms driving cognitive sex differences in
men, women, and gender diverse people. In a sample of 180 participants,
a cognitive battery consisting of classic tasks that present sex differences
as well as some that do not will be administered. All variables of signif-
icance to the rationale of our study will be accounted for; namely, sex
hormones, oral contraception, menstrual cycle, reproductive milestones,
sexual orientation, gender identity, and gender-roles to name a few.
1.4. Objectives and hypothesis

1.4.1. Objectives

1.4.1.1. Objective (1). The first objective of this study is to assess
whether a comprehensive battery of classic cognitive tasks are still
sexually dimorphic or not and how performance is influenced by sex
hormones. The focus of this objective is identifying the effect magnitude
of sex hormone modulation, which represents an elegant approach to
study sex as a dimension rather than as a category. Our study will be
considered unsuccessful if only sex was a predictor of cognitive perfor-
mance. The validation of the most significant tasks would give us the
opportunity to administer subsets of this battery in different contexts
(e.g., brain imaging environment). Lastly, the next goal of applying our
protocol will be to study clinical populations (e.g., psychosis) in which a
link between sex hormones is observed [17,46], therefore strengthening
our understanding of sex hormones, cognitive functioning, and mental
health.

1.4.1.2. Objective (2). The second objective of this study is to delineate
the effects of multiple psychosocial variables like gender identity,
gender-roles, and sexual orientation over and above the effects of birth-
assigned sex and sex hormones in explaining sexually dimorphic cogni-
tive performance.

1.4.2. Hypothesis

1.4.2.1. Hypothesis (1). Firstly, we hypothesize that cognitive perfor-
mance will present sex-specific differences. For instance, we expect
women to perform better thanmen at emotional recognition tasks, verbal
memory, verbal fluency and fine motor skill tasks. As for men, we expect
that they will perform better than woman at mental rotation and visuo-
spatial tasks.

1.4.2.2. Hypothesis (2). Secondly, we expect that sex by gender in-
teractions will correlate with cognitive functions. Therefore (2a), we
postulate a positive correlation between femininity traits and sex-typed
feminine tasks. Hence, people who highly identify to feminine traits
(e.g., feminine gender identity, feminine gender roles) will perform
better on sex-typed feminine tasks. The same goes for individuals who
score highly on the masculinity traits for sex-typed masculine tasks.
Moreover (2b), we expect to observe a sex(gender)-shift in cognitive
performance when considering sexual orientation. Consistent with the
literature, we expect gay men and heterosexual women to perform in a
similar way and lesbian women to perform similarly to heterosexual men.
In addition to this (2c), we hypothesize that gender identity will modu-
late the cognitive performance of transgender and gender diverse people.
In this manner, we expect them to perform in a similar fashion to the
gender they identity with when compared to cisgender people (e.g.,
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people identifying themselves in accordance with their birth-assigned
sex).

1.4.2.3. Hypothesis (3). Thirdly, we hypothesize that (3a) sex hormones
(testosterone, estradiol and progesterone) will present sex-specific hor-
monal profile differences. Moreover, (3b) we expect sex hormones to be
significant predictors of cognitive functioning over and above those of
gender variables. In this manner, we expect positive correlations between
sex hormone levels and the different cognitive domains in correspon-
dence. That is, estradiol and progesterone will be positively associated
with female-typic cognitive abilities while testosterone will be positively
associated with male-typic cognitive abilities. Lastly, (3c) we expect
menstrual cycle to influence hormonal profiles as well as cognitive per-
formance with women performing better at male-favoring tasks when
estradiol is low (i.e., mid-luteal phase). Inversely, for the female favoring
tasks, we expect women to perform better when estrogen is highest (i.e.,
follicular phase).

2. Methods

2.1. General overview

This research program will be conducted by Robert-Paul Juster’s
newly established Centre on Sex*Gender, Allostasis, and Resilience
(CESAR) based at the Centre de recherche de l’Institut universitaire en
sant�e mentale de Montr�eal (CRIUSMM) that is affiliated with the Uni-
versity of Montreal. This research project was approved by the Scientific
and Ethical Committees of the Centre int�egr�e universitaire de sant�e et de
services sociaux de L’Est-de-l’€Ile-de-Montr�eal. This study aims to deepen
scientific knowledge on the underlying biological (e.g., birth-assigned
sex and sex hormones) and psychosocial mechanisms (e.g., sexual
orientation, gender identity, gender-roles) involved in sexually dimor-
phic cognition.

We will apply a transdisciplinary lens that will allow us to capture the
complexity of factors implicated in cognitive functions by integrating
numerous factors implicated in cognitive functions. This holistic
approach views cognition as an ensemble in which all the sex- and
gender-based components that structure it are inter-related. This
approach provides us with great empirical strength with potential clinical
significance in the future. The implications that sex hormones have on
cognition and its relation to mental and physical health in different
populations remains a relatively unexplored area that we wish to
contribute towards. For one, the sexes and genders are known to be
affected differently in a variety of neuropsychiatric and neurodegenera-
tive disorders such as schizophrenia and Alzheimer’s disease [39,46].
Fig. 1. Study

4

Moreover in the context of hormonal therapies, the study of trans-
gender and gender diverse people who often experience hormonal
changes appears to be associated with cognitive changes [80]. Taken
together, a better understanding of the influence that sex hormones have
on cognition is complemented by including psychosocial variables and
measures related to gender affirming hormone therapies as well as
reproductive information for all participants. Ultimately, we will provide
greater insights on mechanisms and ways to tailor care with consider-
ation of sex and gender diversity in a person-centered manner.
2.2. Study design

This quasi-experimental correlational study will be conducted in
approximately 2 h and its chronology, measures and timepoints are
presented in the protocol visualization (see Fig. 1). Upon their arrival,
participants will complete and sign the consent form. Our team will
answer any questions they may have regarding their participation or the
protocol. Testing will occur between 1PM and 5PM to control for diurnal
variations. Psychosocial variables will be assessed via self-report ques-
tionnaires after testing using standard questionnaires.

Through the testing paradigm, eight tasks that evaluate various
cognitive abilities will be administered. The manner in which cognitive
tasks will be administered was arranged to prevent interference among
the different cognitive faculties required for each task. For instance, one
verbal task requires memorization which could be altered with the
retrieval of other information if another verbal task was assessed in a
temporally short scale. This is the reason we intend on counterbalancing
the solicitation of verbal abilities via spatial tasks and vice-versa. Bio-
logical measures will be collected at three different timepoints (baseline,
mid-point, and at the end) via saliva samples and will include sex hor-
mones (testosterone, estradiol, progesterone) and the stress hormone
cortisol.

The assessment of cortisol is justified by the fact that its secretion can
influence a large number of cognitive abilities such as memory and
attention [19,36,71]. More importantly, a large number of evidence
demonstrate sex differences in stress reactivity patterns [2]. These dif-
ferences seem to be influenced by sex hormones [53] via neurotrans-
mission and activation of brain receptors [86]. For instance, estrogen is
known to exacerbate hypothalamic-pituitary-adrenal axis (HPA) activity
whereas androgens seem to decrease its activity [53]. Sex hormones also
seem to possess organizational and activational effects on the HPA axis in
the adolescent brain [48]. Nonetheless, both neuroendocrine systems
interact in a dynamic and complementary manner. For example, gluco-
corticoids seem to contribute the releasing of gonadotropins stimulating
factors [100]. In parallel, one study found an interaction effect of cortisol
protocol.
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and testosterone on hippocampal volumetry as well as cognition (i.e.,
episodic memory) among men [87]. Indeed, a neuroprotective role of
testosterone, larger hippocampal volume and enhanced episodic memory
were observed when both testosterone and cortisol were high.
2.3. Sample characteristics

In this project, we aim to recruit 180men, women, and gender diverse
people (e.g., non-binary, gender fluid, queer, transgender people) who
live in the greater Montreal area. Groups will be divided based on their
birth-assigned sex, gender identity, and sexual orientation which are the
main independent variables of interest (see Fig. 2). The gender diverse
group is not divided based on their sexual orientation as their gender
identity will be the predominant factor when conducting our group
comparisons analysis. Moreover, sexual orientation can be non-binary for
gender diverse individuals which would necessitate us to create multiple
groups that lowers power.

Participants will need to be fluent either in English or in French since
all the tests are procured in both official Canadian languages. The min-
imal age to participate in the study will be set at 18 years old and we will
not have an age limit in order to provide insights into age-based varia-
tion. Indeed, since we will be focusing on sex hormones, we plan on
recruiting participants from a wide age range to inform future research
directions. This will give us the opportunity to determine the effects of
hormonal variations on cognitive functioning through the lifespan.

Exclusion criteria will include severe mental and/or physical health
issues which can severely impair cognitive functioning such as neuro-
endocrine diseases, brain injuries or neuropsychological conditions. A
screener will be used to account for a wide-variety of health conditions
rather than as exclusionary criteria. Our liberal inclusion criteria have
been chosen in order to maximize representation of sexual and gender
minorities since they are often underrepresented. We therefore strive
towards a more inclusive recruitment strategy that will measure con-
founders rather than using them to exclude people. Participants will be
remunerated with 50 CAD.

Data will be collected and stored respecting the Tri-Council Policy
Statement for Research Involving Humans as well as the Helsinki
Declaration. Screener and contact information will be kept private and
only members of the research team that completed all the necessary
ethical training will be allowed to access data, oversee participant
scheduling and contact participants. Participants’ contact information
will be connected to a participant ID number generated for the purpose of
this study, which will serve as a connection between participant data and
identifying information and therefore guarantee the confidentiality of
the participants.
2.4. Recruitment

Recruitment will be a two-phased process. Firstly, we will establish
community partnerships that will facilitate recruitment of the LGBTQ þ
people at different ages. In doing so, our team is currently conducting
individual qualitative interviews with members of the transgender and
gender diverse community whereby we are discussing determinants of
health research while introducing our research methodologies for psy-
choneuroendocrine approaches. We share with our interviewees our
Fig. 2. Groups and su
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protocol which is a crucial step that gives us the opportunity to assess the
acceptability of our methodology. More importantly, this generates vis-
ibility and transparency of our research project within the community
and will be of great help in the second phase of our recruitment process.

Secondly, we will start recruiting participants via printed and elec-
tronic advertisements as well as social media. We have also contacted a
number of LGBTQ þ organizations that have accepted to distribute our
flyer information within their respective networks. Recruitment will be
conducted on a voluntary basis. Potential recruits will be invited to
contact the CESAR laboratory for a screening interview prior to sched-
uling appointments which will permit us to determine the eligibility of
the participants.

Since several variables could interfere with cognitive functioning, we
will collect information regarding psychiatric history as well as physical
and mental health. In addition, information on hormonal milieu and
reproductive milestones (e.g., age of menarche, age when starting gender
affirming hormonal therapies) will be ascertained by assessing contra-
ception and medication intake in the screening questionnaire which is
particularly relevant for transgender people undergoing hormonal ther-
apy. Similarly, sociodemographic variables (e.g., education, civil status,
age, race/ethnicity) will also be assessed via the screening questionnaire.
When participants will be retained for the study, an appointment will be
scheduled with them in the afternoon.
2.5. Material and methods

2.5.1. Psychosocial measures
Psychosocial measures such as sexual orientation, gender identity,

and gender-roles will be assessed via self-report questionnaires. Simi-
larly, we will account for other variables that can potentially influence
cognitive performance such as general mental health status measuring
psychological and social well-being. Questionnaires characteristics and
information are resumed in Table 1.

2.5.2. Biological measures
We will determine the effect of sex hormones on participants’

cognitive participant by assessing testosterone, estradiol and progester-
one samples. Saliva samples destined for assaying of these sex hormones
will be taken for each participant at the beginning and end, mid-point,
and end of the testing session (see Fig. 1). In addition, the influence of
stress on sex hormones and some cognitive functions will be controlled
for if needed.

2.5.2.1. Data management. Sterilized 5 mL 57 � 15.3 mm screw cap
tubes (Sarstedt, Item No. 62.558.201) will be used to collect 2 mL of
saliva guided with thick straws. Assays will be conducted at Sonia
Lupien’s Saliva Laboratory of the CRIUSMM. Upon storage in �20�

Celsius freezers, frozen samples will be brought to room temperature to
then be centrifuged at 1500�g (3000 rpm) for a total of 15 min. Subse-
quently, all assays will be run in duplicates and then averaged. We will
use high-sensitivity enzymeimmune assays for cortisol (Salimetrics®, No.
1–3102, sensitivity: 0.012–3 μg/dl), estradiol (Salimetrics®, No. 1–3702,
sensitivity: 1–32 pg/ml), and progesterone (Salimetrics®, No.1–1502,
sensitivity: 5 pg/ml). As for testosterone, it will be determined by
expanded-range enzymeimmune assay (Salimetrics®, No. 1–2402,
bgroups division.



Table 1
Questionnaires characteristics.

Title Description

MHC-SF
Mental Health Continuum –

Short Form [66]

� Measures emotional, psychological, and social
well-being.

� 14 Items.
STA1-Y1
State and Trait Anxiety

Inventory [62]

� Measures of the presence and severity of anxiety
symptoms and a propensity to be anxious.

� 40 Items
BDI
Beck Depression Inventory II [7,

62]

� Measures of depression severity
� 21 Items

MBI
Masclach Burnout Inventory

[73]

� Measures three components of the burnout
syndrome (i.e. emotional exhaustion,
depersonalization, and reduced personal
accomplishment)

� 22 Items
BSRI-L
Bem Sex Role Inventory – Short

Form [12,56]

� Measures of femininity and masculinity
� 30 Items

KSS
Kinsey Homosexual-

Heterosexual Rating Scale
[108]

� Measures of sexual orientation on a continuum
of heretosexuality and homosexuality (0–6)

BASGI
Birth Assigned Sex and Gender

Identity [6]

� Multidimensional measures of sex and gender-
identity

� 10 Items
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sensitivity: 1 pg/ml). Inter-assay and intra-assay coefficients of variance
will be determined for each hormone. Assays will then be duplicated and
averaged.

Taking three measures at different timepoints will give us the op-
portunity to assess baseline and dynamic levels in our secondary ana-
lyses. Analytically, enzyme immunoassays (EI) present some limitations
as it appears to magnify testosterone when in lower concentrations and to
present small associations with liquid chromatography tandem mass
spectrometry samples (LC-MS-MS) [109,120]. Moreover, correspon-
dence between EI and LC-MS-MS was stronger when more storage and
handling variability methods was inducted which supports the limita-
tions of EI’s [90]. While LC-MS-MS’s use should be prioritized when
assessing hormones [90], we chose to conduct our analysis using EI’s for
cost saving purposes. However, in interest of transparency, we
acknowledge the limitations and unreliability these assays will detail
methodological information in forthcoming papers discussing the results
of this study.

2.5.3. Cognitive assessment

2.5.3.1. California verbal learning test. The California Verbal Learning
Test Second-Edition is a task that evaluates verbal memory. This test
takes 30 min including the testing and the delay period. It has been
generally shown that women generally perform better than men and that
age is more negatively correlated to performance for men [47].
Test-retest reliability coefficients of this edition is good as it ranges be-
tween 0.61 and 0.73 for the alternate form and 0.80–0.84 for the stan-
dard form in healthy subjects [123]. As for clinical populations,
coefficients vary from 0.54 to 0.89 [14].

2.5.3.2. Benton judgement of line orientation. The Benton Judgement of
Line Orientation is a task to measure visuospatial judgement divided in
two alternate forms (V–H) which requires the participant to match line
orientations with different angled lines [15]. The administration time is
about 15 min. Men generally outperform women [113] and gay men
seem to perform less then heterosexual men [97]. The test-retest reli-
ability is around 0.91 which is high [75].

2.5.3.3. Shepard and metzler. The Shepard and Metzler is a classic
measure of mental rotation requiring the ability to transform objects in
different angles while using an object reference [103]. The
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administration time is around 5 min. Men consistently perform better
than women [50] and that this effect may be magnified when integrating
a time constraint [117]. An almost perfect correlation between the
stimuli rotation angles and the identifying matches time has been pre-
viously found [116]. Reliability is good with an internal consistency of
0.88 [122].

2.5.3.4. Rey-osterrieth complex figures test. The Rey-Osterrieth Complex
Figures Test measures non-verbal memory in which the participants are
asked to replicate a figure first by copying it and then drawing it from
memory [85]. The test can be completed between 10 and 15 min. Per-
formance appears to be function of sex with men generally performing
better, but also age and IQ dependant [43]. Psychometric properties are
acceptable as test-retest reliability ranges from between 0.60 and 0.76
and intra- and inter-rater reliability lies between 0.91 and 0.98 [16].

2.5.3.5. Purdue pegboard. The Purdue Pegboard is a task evaluating
manual coordination and fine motor skills in which participants are
asked to insert metal pieces in two parallel rows containing both 25 holes
[111]. The administration time for this task is around 10 min. Women
have been shown to generally perform better than men [65]. The psy-
chometric properties of this test are acceptable as validity coefficients
ranges between 0.70 and 0.76 whereas reliability lies between 0.63 and
0.76 [111].

2.5.3.6. Short version of the Profile of Nonverbal Sensitivity Test. The Short
version of the Profile of Nonverbal Sensitivity Test derived from an
original and longer version, will be used to assess emotional recognition
[3] via video items containing verbal and non-verbal cues such as face
expression, voice, gestures and body posture. The task can be completed
in an approximately 15 min time period. Women generally perform
better than men [3]. It has an acceptable test-retest reliability of 0.64 [3].

2.5.3.7. Controlled oral word association. The Controlled Oral Word As-
sociation task will determine verbal fluency abilities. Participants are
given words and instructed to orally generate as many words as possible
as a function of the semantic (ex. animal, fruit or vegetable) or phonetic
similarities. The administration time is of approximately 10 min. Women
have consistently been shown to perform better than men [69]. The
test-retest reliability lies is 0.75 and the internal consistency is 0.83
[101].

2.5.3.8. Five point test. The Five Point Test is a standardized measure of
non-verbal fluency and executive functioning [114]. The participant is
presented with 35 identical squares containing five symmetrically
disposed dots and are asked to generate as many designs as possible by
connecting the dots. The task takes about 10 min to complete. No clear
sex differences have been demonstrated, but a age and education effect
has been found showing that performances decreased with age and
increased with education level [45]. Reliability measures are good as the
test has an internal consistency of 0.80 and a test-retest coefficient of 0.78
[38].
2.6. Statistical analysis

All data analysis will be completed using the Statistical Package for
the Social Science Version 25 for Macintosh. Firstly, multivariate analysis
of variance (i.e., multiple dependent variables) will be conducted to
determine whether group differences exist or not for all cognitive tasks
on global scores based. Our main variables of interest as factors include
birth-assigned sex and gender identity. Secondly, student t-tests will be
used to compare women’s cognitive performance based on menstrual
cycle phase (luteal/follicular) as well as contraceptive use. Thirdly, we
will conduct a two-way multivariate analysis of covariance to determine
statistical differences for all cognitive tasks based on sex and gender
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while controlling for sexual orientation. This will allow us to group dif-
ferences an whether there is an interaction effect. and Bonferronni
correction will be used when necessary in order to control for multiple
comparisons. Moreover, we will conduct sex-disaggregated multiple re-
gressions analysis to evaluate the extent to which biological and psy-
chosocial factors explain sexually dimorphic cognition in a hierarchical,
sex-specific manner. The hierarchy will first include sex hormones, fol-
lowed by sexual orientation and then psychosocial gender (gender
identity, gender-roles). We will also integrate covariates in our model
such as cortisol, contraception, menstrual cycle, age, education and
smoking/drinking habits whenever appropriate. This will give us the
opportunity to assess the percentage of explained variance for each
additional variable we integrate in the model.

When designing our study protocol, we completed an a priori power
analyses in order to determine the sample size necessary to conduct our
study based on our main analyses. Firstly, in order to detect a small to
medium group differences effect [26] at a 80% power for both main and
interactions effects, a sample between 104 and 160 participants was
required. For the hierarchical regression model, a sample size of N¼ 103
to N ¼ 152 was needed to detect sex effects over and above 10 to 14
additional factors while explaining 10% of the variance at 80% power.
Consequently, our projected sample of N ¼ 180 is appropriate. Effect
sizes were chosen based on literature results showing that cognitive sex
differences effect sizes generally oscillated between small and medium
[59,60].

3. Discussion

The main purpose of this study is to delineate the different influences
of biological sex (birth-assigned sex, sex hormone variations) and psy-
chosocial gender (gender identity, gender roles, sexual orientation) fac-
tors in the functioning of sexually dimorphic cognition. This is of great
empirical value as studies evaluating the correlates of cognitive sex dif-
ferences are mixed and controversial. In addition, determining the spe-
cific influences sex hormones have on cognitive functions gives us a
better insight on how to approach cognitive alterations in relation to sex
hormones in multiple mental conditions. This is especially pertinent
since there is growing evidence of sex hormones are a critical factor in
treatments [40].

3.1. Covariates and limitations

Covariates include all potential confounding factors that may inter-
fere with cognitive functions and/or sex hormone levels. They include
cortisol, oral contraception, menstrual cycle, age, education, smoking/
drinking habits, mental and physical conditions. These will be accounted
for in the recruitment process and controlled for where appropriate when
conducting our analysis. As for menstrual cycle, which is a critical vari-
able of interest, we will use self-reported measures via cycle history
questions. However, as subjective measures can be quite unreliable. We
will therefore explore combining these with urinary ovulation kits to
strengthen the robustness of our assessment [121]. Because providing
urinary samples be a sensitive activity for some individuals, we will
emphasize the fact that this is optional.

This research protocol assesses multiple cognitive domains that can
be impaired by multiple potential confounding variables such as mental
health status (ex. depression and anxiety). These will be assessed via the
screening questionnaire and adjusted for in our statistical models.
Moreover, we will administer in total eight cognitive tasks over an
approximately 2 h period which is quite comprehensive. This can
potentially induce fatigue especially since cognitive assessment is
demanding. This is the reason why we intend on encouraging partici-
pants to take breaks between tasks to attenuate potential fatigue that they
may experience.

Stress upon arrival to our laboratory may be a confounding factor
influencing cortisol levels and thus affecting sex hormone levels [100].
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Hence, we integrated an approximately 10–15 delay in our protocol in
order to give proper time for the participant to install themselves and
familiarize themselves with the testing environment. A large number of
individuals composing it will belong to the LGBTQ þ community (n ¼
120) which is in fact the majority of our total sample. Therefore, one
important limit of our study consists in the generalization of its sample to
the general population in which sexual and gender minorities are usually
underrepresented.

4. Conclusions

This research program allows us better understand how cognition is
influenced by sex and gender factors. It has great empirical value since
better understanding the influence of sex hormones and gender on
cognition opens the door to more in-depth knowledge of different
physical and mental health conditions where cognition is altered, such as
neuropsychiatric conditions. Finally, the implications that sex hormones
have in cognition and its relations to brain functional activity in different
populations remains a relatively unexplored area.
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