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Abstract

Risk and protective factors for psychiatric illnesses are linked to distinct structural and functional changes in the
brain. Further, the prevalence of these factors varies across sexes and genders, yet the distinct and joint effects

of sex and gender in this context have not been extensively characterized. This suggests that risk and protective
factors may map onto the brain and uniquely influence individuals across sexes and genders. Here, we review how
specific risk (childhood maltreatment, the COVID-19 pandemic, experiences of racism), and protective factors (social
support and psychological resilience) distinctly influence the brain across sexes and genders. We also discuss the
role of sex and gender in the compounding effects of risk factors and in the interdependent influences of risk and
protective factors. As such, we call on researchers to consider sex and gender when researching risk and protective
factors for psychiatric illnesses, and we provide concrete recommendations on how to account for them in future
research. Considering protective factors alongside risk factors in research and acknowledging sex and gender
differences will enable us to establish sex- and gender-specific brain-behavior relationships. This will subsequently
inform the development of targeted prevention and intervention strategies for psychiatric illnesses, which have
been lacking. To achieve sex and gender equality in mental health, acknowledging and researching potential
differences will lead to a better understanding of men and women, males and females, and the factors that make
them more vulnerable or resilient to psychopathology.

Plain English summary

Exposure to different environments and distinct lived experiences for individuals across the sexes and genders

have unique effects on mental wellbeing, brain structure, and function. These differences in outcomes arise from
interdependent effects of biology and socio-culture and can be challenging to separate. This review describes

sex- and gender-specific effects of negative and positive environmental experiences, known as risk and protective
factors. Specifically, we review current sex- and gender-specific findings for childhood maltreatment, the COVID-19
pandemic, experiences of racism, social support, and resilience. Risk and protective factors, and sex and gender
have bidirectional influences, and our review outlines their dynamic, interconnected and intersectional nature.
Including sex and gender as a variable of interest will enable us to capture specific effects that may have previously
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gone undetected. More broadly, implementing the outlined considerations will lead to more inclusive and
representative research that can deliver robust findings and meaningfully propel the field forward.

Highlights

+ Unique effects of sex and gender on brain and behavior necessitate the investigation of these factors as a

variable of interest in research.

- Protective factors should be considered alongside risk factors for a more holistic understanding of mental

wellbeing.

« Investigating sex and gender influences will help detect findings that would have otherwise been overlooked.
- Risk factors, protective factors, sex, and gender all have bidirectional influences on each other.

Keywords Sex differences, Gender differences, Risk factors, Resilience, Protective factors, Major depressive disorder,

Brain imaging

Background
Risk and protective factors for psychiatric illness are
associated with structural and functional changes in the
brain. As an example, childhood maltreatment is one
of the most prominent risk factors. It is associated with
an up to 3.37 times increased risk of developing major
depression, along with changes in gray matter volume,
cortical thickness, and functional brain connectivity
[1-3]. Other critical environmental risk factors include
stressful life events, such as the COVID-19 pandemic,
and experiences of racism. On the other hand, protective
factors, such as social support and psychological resil-
ience, decrease an individual’s likelihood of developing
psychiatric disorders and exert independent effects on
the brain [4—6]. Specifically, protective factors have been
linked to alterations in brain regions associated with
emotion regulation, cognitive flexibility, and behavioral
control [7, 8]. However, risk and protective factors do
not exist in isolation. Rather, they interactively influence
both brain and behavior and as such, should be jointly
considered in research and clinical practice. To further
complicate matters, different risk and protective factors
vary between men and women, and males and females.
For example, while one in 5 females report experiences
of childhood sexual abuse, a form of childhood maltreat-
ment, it is reported by one in 13 males worldwide [9].
Females also report higher levels of social support and
help-seeking behavior, while males reported higher psy-
chological resilience levels [10-12]. Therefore, different
risk and protective factors may uniquely or dispropor-
tionately impact individuals across sexes and genders
[13]. Taken together, this further highlights the need to
consider sex and gender when investigating the influ-
ences of risk and protective factors on brain and behavior.
Previously, the term “sex” has been used to describe
biological influences, while “gender” was used to describe
sociocultural influences. However, this distinction
does not account for the bidirectional effect of biologi-
cal and sociocultural influences [14]. These effects may,
in turn, influence variability in the brain and impact the

emergence and presentation of psychopathology [14].
To emphasize that sex influences gender, and vice versa,
and in line with prior literature, we use the term “sex and
gender” throughout this manuscript. This terminology
aims to highlight the fact that complex human behaviors
may be influenced by distinct and interrelated effects of
sex and gender, and their effects may be difficult to dis-
entangle [15]. Although gendered terms (i.e., “men and
women”) may be used in the original articles that we
review here, we use the terms “female” and “male” when
referring to research on sex differences to more accu-
rately describe the information that was collected about
participants (e.g., self-reported sex). We encourage read-
ers to refer to the original articles for more details. Criti-
cally, we note that little research is available specifically
on gender effects, and previous literature investigating
differences between “men and women” may depict both
effects of sex and gender. Additionally, we focus on extant
literature evaluating differences in binary sex and gen-
der but note that these terms do not include all sexes or
genders (both of which are non-binary in nature). Impor-
tantly, we focus on exemplary environmental risk fac-
tors, but note that important genetic risk and protective
factors exist which are beyond the scope of this review
[16-18].

Sex effects encompass the influences of genes, hor-
mones, immune responses, and stress responses. This
includes health conditions that only affect individu-
als who menstruate (e.g., postpartum depression, poly-
cystic ovary syndrome, PCOS) [19], and factors such as
the use of hormonal birth control, which may be linked
to depression [20]. Conversely, the effects of gender
entail influences of gender roles and stereotypes. Spe-
cifically, sociocultural expectations impact how individu-
als express, communicate, and cope with mental health
issues [11]. In patriarchal societies, rules exist for what
are considered appropriate “male” and “female” expres-
sions and behaviors. Non-conforming to these rules
may make integration in a peer group more difficult. As
an example, traditional patriarchal gender roles view
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expressions of vulnerability as feminine and less desirable
for men to express. In Latin America, “Machismo Cul-
ture” describes a rigid set of behavioral norms for men
that encompass rules for favored behaviors and charac-
ter traits [21]. Patriarchal societies may share overlap in
such gender stereotypes but influences on the individual
can vary by country and more microlevel settings such as
peer group, city, or neighborhood.

Studies have shown that sex and gender exert unique
influences on behavior and distinctly influence outcome
domains (e.g., cognition) [22]. Regarding brain outcomes,
it was demonstrated that sex and gender are associ-
ated with distinct functional connectivity networks.
This study included N=4,757 children (2,315 female,
2,442 male) aged 9-10 of the Adolescent Brain Cogni-
tive Development (ABCD) cohort [14]. These findings
underscore the need to consider both constructs of sex
and gender in research. In humans, the effects of sex and
gender on behavior and the brain are highly intertwined.
As an example, depressive symptoms are more frequently
reported by women. This finding has been attributed to
biological and sociocultural differences. Biologically, sex-
specific gene expression patterns in the brain related to
depression have been reported [23]. Socioculturally,
norms around the expression of depressive symptoms
differ.

The sociocultural stigma around individuals with a
masculine identity expressing feelings of sadness may
lead to them expressing distress in more externalizing
ways, such as binge drinking. Additionally, lower help-
seeking behavior and a social desirability bias may lead to
underreporting and non-detection of depressive symp-
toms in individuals with a masculine identity [11].

This example illustrates that behavioral outcomes are
shaped by multifactorial influences, where biological fac-
tors are always embedded in a cultural context, highlight-
ing the complexity of human behavior and the need to
move beyond monocausal explanations [15].

Here, we aim to describe how risk and protective fac-
tors independently and interdependently impact neuro-
biology and mental health across sexes and genders. We
focus on prominent risk factors such as childhood mal-
treatment, racism, and the COVID-19 pandemic that
have recently been the focus of significant attention in
both research and public policy [24—27]. We highlight
why it is essential to consider protective factors, such
as social support and psychological resilience, in future
research to adequately support individuals at risk of
developing psychiatric disorders. Finally, we provide con-
crete recommendations on how to consider risk and pro-
tective factors and their sex and gender-specific effects
meaningfully in future research.
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Main text

Sex- and gender-specific effects of risk factors on mental
health and the brain

Risk factors for psychiatric illness and their impact on
behavior, along with brain function and structure, have
been studied extensively. Risk factors span biopsychoso-
cial aspects and include childhood maltreatment, stress-
ful life events, loneliness, neuroticism, and familial and
genetic risk, to name a few [18, 28-31]. While certain
disorder-specific risk factors have been identified, many
risk factors (e.g., childhood maltreatment and stressful
life events) are transdiagnostic and broadly increase the
risk for all psychopathology [27-29]. Here, we discuss
how the influences of risk factors on mental health and
the brain differ across sexes and genders.

Childhood maltreatment

Childhood maltreatment encompasses emotional and
physical neglect as well as emotional, physical, and sex-
ual abuse. These forms of childhood maltreatment often
co-occur, and several studies have investigated their
independent and joint influences on brain and behavior
[32-34]. Across sexes and genders, exposure to child-
hood maltreatment is causally linked to an increased risk
of developing psychopathology (e.g., major depression,
anxiety, substance abuse) [35-38].

In the brain, a history of childhood maltreatment, even
in individuals with no psychiatric illnesses, is associated
with structural alterations that are similar to those found
in individuals with depression [35, 39]. Childhood mal-
treatment is also negatively associated with gray matter
volume and cortical thickness in the median cingulate
and paracingulate gyri [2]. Additionally, smaller gray
matter volumes in the hippocampus, prefrontal cortex,
anterior cingulate, and left supplementary motor area,
as well as cortical thinning in the right anterior cingulate
gyri and left middle frontal gyrus, have been reported
in individuals with a history of childhood maltreatment
[2, 38, 39]. These regions are implicated in emotion and
stress regulation. Taken together, this suggests that child-
hood maltreatment may impair emotion and stress reg-
ulation, as well as emotion integration, and predispose
individuals to psychiatric illness [2, 38].

Childhood maltreatment has also been associated with
altered resting-state functional connectivity. A recent
systematic review including #=3079 individuals identi-
fied reduced connectivity between the dorsal anterior
cingulate cortex and anterior insula and heightened
amygdala connectivity in the salience, default mode,
and prefrontal regulatory networks in individuals with
a history of childhood maltreatment. Altered functional
connectivity was further reported in the ventral ante-
rior cingulate cortex, dorsolateral prefrontal cortex, and
hippocampus [40]. These regions are associated with
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emotional reactivity, salience detection, fear condition-
ing, autobiographical memory, and reinforcement-based
learning, suggesting potential impacts on these behav-
iors. While these alterations in functional connectiv-
ity may be regarded as short-term adaptations to highly
adverse environments, they may predispose individuals
to future psychopathology over time [41].

Critical sex and gender differences have been identified
in the prevalence of specific subtypes of childhood mal-
treatment and their behavioral influences. Exposure to
childhood sexual abuse is reported by one in 5 females
and one in 13 males [32]. Although there is limited evi-
dence thus far demonstrating sex and gender differences
in the effects of childhood maltreatment on the risk of
developing psychopathology [30], sex and gender effects
have been shown to moderate the effect of childhood
trauma on depressive symptoms in adulthood [42]. In
a study investigating how distinct forms of abuse were
associated with depressive symptoms in 560 young adults
(223 male, ages 18-20), different trends were observed in
males and females. In females, peer emotional abuse at
age 14 was the strongest predictor for depressive symp-
toms, whereas in males, non-verbal emotional abuse at
14 emerged as the strongest predictor [42]. A transdi-
agnostic study of adults with psychosis revealed distinct
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behavioral associations with childhood maltreatment
across the sexes and genders [43]. Specifically, individuals
with auditory hallucinations reported significantly higher
amounts of childhood sexual abuse s (n=41), compared
to individuals without auditory hallucinations (n=37) or
healthy controls (n=37). However, when exploring this
outcome for males and females separately, the authors
demonstrated that this difference was entirely driven by
the females in the group, who uniquely reported higher
scores of childhood sexual abuse (Fig. 1). These findings
highlight the importance of including sex- and gender-
specific analyses.

Sex and gender may also influence the effects of child-
hood maltreatment on the brain [43, 44, 33, 34, 45]. Two
studies investigating female survivors of childhood sexual
abuse found that sexual abuse was associated with spe-
cific differences in brain structure, including smaller gray
matter volume in the visual cortex and smaller cortical
thickness in the primary somatosensory cortex, repre-
senting the clitoris and genitalia [33, 34]. Additionally, a
meta-analysis (including 38 original articles and N=1042
individuals) examining global effects of childhood mal-
treatment on the brain reported significant sex and
gender effects in the right amygdala, right dorsolateral
prefrontal cortex, and right postcentral gyrus. Effect
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Fig. 1 Sex-specific analyses reveal a higher prevalence of childhood sexual abuse in females, but not males, with auditory hallucinations (AH). This study
investigated the influences of sex and childhood sexual abuse in individuals with auditory hallucinations. They found that individuals with auditory
hallucinations were more likely to report childhood sexual abuse, relative to individuals with non-auditory hallucinations and healthy controls. Further
sex-specific analyses found that these effects were driven entirely by females, and were absent in males. These results underscore the critical importance
of sex-specific analyses in biomedical research

Figure reprinted from “Auditory hallucinations, childhood sexual abuse, and limbic gray matter volume in a transdiagnostic sample of people with psy-
chosis”by Millman et al., 2022 [43]: Childhood sexual abuse exposure across clinical group and sex. Differences in exposure severity between (A) AH, NAH, and HC
groups and between (B) AH,NAH, and HC groups by participant sex. Error bars represent standard deviations. AH, psychotic disorder with auditory hallucinations;
CTQ childhood trauma questionnaire, HC healthy control, NAH psychotic disorder with no auditory hallucinations. *p < .05, **p <.01, **p <.001. https://creati
vecommons.org/licenses/by/4.0/
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sizes were significantly larger in studies that included
more males [44]. Finally, a separate mega-analysis by the
ENIGMA consortium including N=3,872 participants
reported a sex and gender effect where childhood mal-
treatment severity was positively associated with higher
cortical thickness of the rostral anterior cingulate cortex
in males. In females, this effect was not detected, but a
global negative association between childhood maltreat-
ment and cortical thickness was observed [45]. These
findings suggest that brain regions are differentially
affected in males and females who experience childhood
maltreatment.

Taken together, these studies offer compelling evidence
that sex and gender effects exist in childhood maltreat-
ment and its subsequent effects on the brain and psy-
chopathology. These differences may arise due to sex and
gender differences in the types of maltreatment experi-
enced and in the trajectories of brain development [41,
44]. As such, it is crucial to implement sex- and gender-
specific analyses in this research, as failing to do so may
lead to incorrect conclusions.

Stressful life events

Stressful life events include changes in an individual’s
life, such as marriage, illness or job change. While certain
stressful life events constitute normal steps in develop-
ment (e.g., starting college, moving out), others, such as
experiences of bodily harm or loss, are inherently trau-
matic. Greater incidences of stressful life events are caus-
ally linked to major depression, and the risk to develop
major depression is increased five-fold one month after
stressful life events [46]. Specific examples of stressful
life events we discuss below are the COVID-19 pandemic
and experiences of racism [47-52].

Stressful life events are associated with changes in
brain and behavior. In the brain, in both males and
females, experiencing higher numbers of stressful life
events is linked to smaller volumes in the left hippocam-
pus, left medial prefrontal cortex, and left medial orbito-
frontal cortex in cross-sectional and longitudinal designs
[53-55]. Further, a meta-analysis of 83 task-based fMRI
studies with 5,242 participants found that adverse life
experiences were associated with higher amygdala reac-
tivity and lower prefrontal cortical reactivity [56]. In
these studies, cumulative scores were used that included
the number of self-reported stressful life events and a
subjective impact rating of the events. While specific dif-
ferences between the sexes were not evaluated in these
studies, there are differences in the exposure, frequency,
and type of stressful life events experienced by males and
females [57]. Moreover, males and females differ in terms
of their perceived stress and sensitivity in response to
stressful events [57]. A study including Caucasian adult
twin pairs found that males reported more work-related
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and legal stressors while females reported more interper-
sonal stressors [57]. In the same study, males and females
also differed in their sensitivity to these events and the
types of events that increased their risk for depression.
In males, a higher depressogenic effect was found for
separation/divorce and work problems, whereas females
reported higher sensitivity to social problems in their
proximal networks [57]. This suggests that sex and gen-
der are important factors to consider when investigating
the influences of stressful life events. Ignoring them may
lead to inaccurate risk predictions and research findings,
as different outcomes may be observed across sexes and
genders.

Racism

Racism, or race-based traumatic stress, describes the
cumulative psychological injury caused by hate of a per-
son due to their race. These experiences, along with dis-
crimination related to other aspects of a marginalized
identity (e.g., ethnicity, skin color), negatively affect men-
tal health and are associated with changes in the brain
[58]. This discrimination can take multiple forms includ-
ing physical and verbal abuse, hurtful social practices,
as well as microaggressions. Racial microaggressions
are subtle, racially motivated maltreatments, insults,
or invalidations. Over time, they can have detrimental
effects on mental health [59]. Race-based traumatic stress
is similar to chronic social stress, as it entails aspects of
social rejection and has been associated with chronically
elevated cortisol and a dysregulation of the hypotha-
lamic-pituitary-adrenal axis [60-62]. However, research
indicates that the effects of racism extend far beyond
the impact of proximal traumatic stress. Further path-
ways which link racism to adverse health outcomes may
include transgenerational and prenatal factors, moral
injury, and negative affective states stemming from racist
cognitive schemata [63—65]. Even when individuals are
unaware of their exposure to systemic and institutional
racism, it can affect health outcomes: A study analyzing
data from n=18,067 psychiatric patients demonstrated
that Black, Hispanic/Latinx, and Asian patients were
significantly less likely to be assigned to a newer build-
ing within a psychiatric hospital. The newer building had
better resources, more natural light, bright open areas,
and calming interior design choices [66]. These findings
compellingly underscore the necessity of a national solu-
tion to this health crisis [66, 67].

Experiences of racism cannot be generalized across
races and ethnicities and may critically depend on spe-
cific environmental factors. In a study of N=10,354 chil-
dren aged 10-11 in the ABCD dataset, 4.8% of children
reported perceived racism. Importantly, 10% of Black
children reported perceived racism [68]. Overall, chil-
dren from lower-income households (= $75,000 median
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annual household income) were more likely to report
race or ethnicity-based discrimination. The opposite was
true for Black children: living in higher-income house-
holds was associated with 8.23 higher odds of perceives
racism, compared to 2.43 higher odds for Black children
living in lower-income households [68]. This study illus-
trates the need for the granular description and investi-
gation of race. Researchers should avoid comparisons
between White vs. “Non-White” individuals and describe
effects on specific races and ethnicities whenever pos-
sible. A seminal guideline for the ethical handling of race
and ethnicity in neuroscience research can be found here
[69].

The “Adultification Bias” describes the alarming finding
that Black female children are perceived as more adult-
like compared to White female children, with differences
emerging as early as age five and peaking at ages 10-14.
In a study with over 300 participants, Black female chil-
dren were seen as less in need of support, nurturing,
comfort, and protection [70]. If children are wrongly
perceived as more mature, they are treated less leni-
ently and punished more harshly [71, 72]. Indeed, Black
female children are disproportionately more disciplined
in school [70]. In a study in N=342 adults investigating
justification of police use of force, Black children were
dehumanized more than White children. Further, Black
female children were perceived as less victimized com-
pared to White female children, but also Black male chil-
dren. The racial identity of the study sample was 82.2%
White, 7.8% Asian, 2.9% Black, 0.3% Caribbean, 2.1%
Hispanic (2.05%), and 3.5% multiracial [71]. While this
study found an intersectional effect of sexism and racism,
other studies have suggested that Adultification is also
present in Black male children [73]. Adultification bias is
dehumanizing and, in effect, robs Black children of their
childhood [70], which is expected to influence both neu-
robiological and behavioral development.

There are also differences in brain function and struc-
ture in response to threat between Black and White
adults in the US.. Specifically, lower functional activa-
tion in the hippocampus, amygdala and prefrontal cortex
has been observed in Black Americans (n=143) relative
to White Americans (#=>55) in response to threatening
stimuli. This blunted reactivity may be a predisposing
factor for post-traumatic stress disorder or other psycho-
pathology [61]. In terms of brain structure, Black chil-
dren (n=1,786) exhibited greater gray matter volume in
the pars triangularis and smaller gray matter volume in
the amygdala, hippocampus, frontal pole, superior fron-
tal gyrus, lateral orbitofrontal cortex, caudal middle fron-
tal gyrus, caudal anterior cingulate gyrus compared to
White children (#=7,350) in a study in the ABCD study
[60, 61]. These regions have been associated with trauma-
and stress-related disorders and alterations may reflect
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the toxic stress Black children are exposed to. Unfortu-
nately, both studies did not investigate sex and gender
effects. However, in both studies, when accounting for
stressful life events and childhood adversity, differences
between the groups decreased, suggesting these differ-
ences may be driven by stress and adversity rather than
race itself [55, 56]. Race as a social construct may there-
fore serve as a proxy for disproportionately higher stress
exposures experienced by persons of color due to sys-
temic racism. These stress exposures, in turn, could lead
to hormonal and neurobiological changes that increase
hypervigilance and contribute to adverse mental health
outcomes [74].

Acknowledging the intersectionality of risk factors is
especially important in this field of research. Multiple
studies have shown how effects of race, and sex and gen-
der can lead to more adverse outcomes [75]. In a recent
study investigating white matter integrity in 79 Black
American females, fractional anisotropy in the corpus
callosum genu mediated the association between racial
discrimination and physical health, even after account-
ing for trauma exposure and socioeconomic status [76].
Another study investigated racial discrimination and
cortical thickness in 81 Black trauma-exposed females.
Here, higher experiences of racial discrimination were
associated with lower cortical thickness in the posterior
cingulate cortex and the left rostral and caudal ante-
rior cingulate cortex [77]. These findings highlight the
interconnected nature of the influences of experiences
of racism and gender on brain and behavior. Critically,
both studies did not include men. However, the lack of
research in this specific population is not sufficient to
conclude that there is no effect. Rather, it highlights the
importance of including diverse populations in research
and considering the interconnected influences of sex,
gender, and race.

COVID-19 pandemic

The COVID-19 pandemic constitutes a global stressor
that spans adverse effects of viral infection and psycho-
social stressors.

Post-COVID condition, also referred to as Long-
COVID, is defined as persistent or new symptoms after
three months after the initial SARS-CoV-2 infection,
with symptoms lasting at least 2 months. This condi-
tion is estimated to affect 10% of individuals infected
[78, 79]. While the etiology of this debilitating condition
is unclear, females are more likely to be affected than
males [78, 80]. In a neuroimaging study including more
than 67% females with post-COVID (total sample N=86),
the condition was associated with reduced connectivity
between the parahippocampal gyri, and between bilateral
orbitofrontal and cerebellar regions [81]. However, no
sex-specific analyses were conducted in this study, and
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it remains to be established if these findings may differ
for males and females. Risk for post-COVID condition is
higher for females, individuals with lower socioeconomic
status, and for individuals unable to rest during acute
COVID infection. Concurrent environmental stressors of
lockdowns during the pandemic contribute to the overall
risk of developing post-COVID condition [78].

Apart from the direct virus-related impacts, sociocul-
tural changes associated with lockdowns and changes
in daily routines, health-related concerns, and govern-
mental regulations affected the global population. The
individual impact of these changes differed drastically
for men and women, and males and females. The pan-
demic is considered to have exacerbated the gender gap,
with females more likely to report loss of employment,
forgoing work to care for others, and more female chil-
dren dropping out of school [82]. Multiple studies also
identified females to be at higher risk for worse mental
health outcomes during the pandemic [83-86]. As such,
it is anticipated that longer-term outcomes of the COVID
pandemic, both in terms of brain and behavior, may
uniquely influence individuals across sexes and genders.

Further studies are needed to describe long-term
effects for mental health and associated outcomes (edu-
cation, physical health, poverty) of this global viral and
social stressor across sexes and genders.

Sex- and gender-specific effects of protective factors on
mental health and the brain

Protective factors mitigate the risk to develop psychopa-
thology and increase positive affect and life satisfaction.
They encompass multiple levels, such as individual, fam-
ily, school, community, and organizational levels [87], and
include secure attachment styles, regular physical activ-
ity, meditation, religion, specific personality traits (e.g.,
openness, extraversion, and conscientiousness), along
with social support and psychological resilience [88, 89].
In line with the WHO definition of health, mental health
is not just the absence of pathology, but rather a state of
thriving and “complete physical, mental and social well-
being” Research focusing on the positive effects of pro-
tective factors has therefore also focused on outcomes
such as life satisfaction and positive affect [90, 91]. Signif-
icantly fewer research studies have been done on protec-
tive factors, relative to risk factors, and consequently, less
is known about sex and gender specific effects on protec-
tive factors. Here, we will focus on the effects of social
support and psychological resilience on brain and behav-
ior as these have been more widely researched and high-
light how potential sex and gender effects may emerge.

Social support
Social support describes a social network encompassing
family, friends, peers, neighbors, and community that
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may offer different forms of help and support [92]. Social
support is associated with positive physical and psycho-
logical mental health outcomes and greater life satisfac-
tion [4, 90]. An analysis summarizing findings from 23
meta-analyses including a collective 1,458 million par-
ticipants demonstrated how social support is associated
with longevity. Effect sizes for health outcomes ranged
from 0.15 to 0.41, and -0.20 to -0.63 for disease variables
[93]. The protective effect of social support presumably
works through a stress-buffering effect of human interac-
tion and connection [93]. Importantly, social isolation or
loneliness, at the opposite end of the spectrum of social
support, constitute a strong risk factor for premature
morbidity [29].

Males and females differ in their reliance on social net-
works and friends. In a study investigating middle-aged
to elderly individuals, females (n=166) reported larger
social networks and received social support from several
people, whereas males (n=214) generally relied solely on
their spouses [10]. In this study, only biological sex was
assessed, but the found differences may be due to effects
of gender, or sex and gender. Specifically, sociocultural
expectations around help-seeking behaviors may impede
individuals with a masculine identity from reaching out
to others and getting adequate social support. Social sup-
port is beneficial for all sexes and genders and is associ-
ated with significantly decreased mortality in individuals
[29]; however, in females, social support has a larger con-
tribution to self-reported happiness than it does for
males [10]. In the brain, greater self-reported social sup-
port is linked to higher white matter integrity in the cor-
pus callosum [94] and greater gray matter volume in the
posterior cingulate cortex, bilateral lingual cortex, left
occipital lobe and cuneus in both males and females [95].
Therefore, even though the influences of social support
on the brain may be shared across sexes and gender, the
distinct behavioral influences seen in the sexes and gen-
ders suggests social support may uniquely impart a pro-
tective effect against psychiatric illnesses.

Psychological resilience

Psychological resilience, or “trait resilience’, describes
the self-reported ability to maintain or quickly recover
mental health despite facing adversity. It encompasses
interpersonal factors such as optimism, sense of coher-
ence, coping skills and the ability to find individual mean-
ing [87], and is associated with more positive affect and
higher life satisfaction [91, 96].

Items to measure this construct include “I usually
come through difficult times with little trouble’, or “My
life has meaning” [97, 98]. Psychological resilience can
be assessed using self-report questionnaires such as the
Connor-Davidson Resilience Scale (CD-RISC), Brief
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Resilience Scale (BRS), or the Resilience Questionnaire
(RS-25) [97-99].

Sex and gender differences in resilience have been
reported in a sample of 231 adolescents (121 female),
where self-reported psychological resilience was higher
in males. Moreover, the association between psycho-
logical resilience and gray matter volume was reversed
across sexes and genders: in females, higher resilience
was associated with smaller volume in the left ventrolat-
eral prefrontal cortex, whereas a positive association was
present in males [12]. The authors postulated that differ-
ences may be driven by sex differences in the stress sys-
tem, specifically the hypothalamic-pituitary-adrenal axis
(HPA), and in the trajectories of brain maturation during
adolescence [12]. Specifically, the authors argued that sex
differences in HPA-axis responsivity may be modulated
via differences in gonadal steroids and cortisol. Further,
brain maturation in males in the prefrontal cortex is lin-
ear, whereas an inverted U-shape is reported in females.
However, concurrent gender (or sex and gender) effects
may also be at play, as males tend to overestimate their
own abilities [100].

Regarding brain structural correlates, psychological
resilience is positively associated with cortical thickness
in the lateral occipital cortex, the fusiform gyrus, the
inferior parietal cortex, and the middle and inferior tem-
poral cortex [101].

Importantly, the term “resilience” is also used to indi-
cate the maintenance of mental health despite adver-
sity. In this context, resilience as an outcome describes
a favorable mental health outcome from the interplay
of certain risk and protective factors. For example, indi-
viduals are described as “resilient” if they do not develop
PTSD after being exposed to a traumatic event [102]. We
describe sex and gender differences and brain correlates
of resilience as an outcome below in the section “interde-
pendent effects of risk and protective factors”.

Interdependent effects of risk and protective factors

Risk and protective factors do not exist in isolation but
rather co-occur and interact in a complex manner to
influence mental health and neurobiology. It is therefore
essential to assess and investigate both factors to examine
their effects on brain and behavior.

Interactive effects

Protective factors can exert “rescue effects” and coun-
teract or mitigate adverse effects. As an example, social
support has been shown to mitigate the adverse effects
of childhood maltreatment and the COVID-19 pandemic
[83, 94, 103-105]. During the COVID-19 pandemic,
in a study of more than 69,000 participants, social sup-
port was associated with 55% lower odds of depression
[105]. These influences of risk and protective factors are
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not exclusively subtractive/antagonistic in their effect
on psychopathology (i.e., risk factors increasing the risk,
and protective factors decreasing it). Instead, these influ-
ences are are likely more complex, with distinct factors
acting as moderator or mediator variables [5, 31, 87]. A
moderator variable weakens or strengthens the associa-
tion between two other variables. When a third variable
explains the association between two other variables, it
is referred to as mediation [106]. Figure 2 demonstrates
how sex and gender may influence the interconnected
associations between brain, behavior, and risk and pro-
tective factors.

A recent study reported a moderation effect in the
relationship between childhood maltreatment and social
support and their joint impact on gray matter volume.
In 181 adults with childhood maltreatment, social sup-
port was negatively associated with hippocampal volume,
whereas a positive association was detected in indi-
viduals without childhood maltreatment (nz=265) [107].
Moreover, optimism and distress tolerance have been
shown to moderate (i.e., mitigate) the adverse effects of
ethnic discrimination in 200 Hispanic individuals [108].
In 223 Black females, self-care mediated the relationship
between higher stress and worse health [109]. These find-
ings are examples of the types of non-linear associations
that exist between risk and protective factors, and their
potential effects on brain and behavior.

While protective factors can offset or mitigate risk
factors, risk factors can also compound and jointly
exacerbate mental health outcomes. As an example,
in minoritized ethnic or racial groups, greater adverse
childhood experiences are reported. This is especially
true when comparing Indigenous/Native Americans to
White Americans [26]. The idea that “adversity breeds
adversity” has been termed “double disadvantage” to
describe cumulative effects of two or more risk factors.
The compounding of multiple forms of marginalization
or risk factors exceeds mere additive effects, leading to
even worse mental and physical health outcomes [110,
111].

The compounding effect of marginalized experiences
and risk factors has also been demonstrated in seminal
work investigating the effects of the COVID-19 pan-
demic. Specifically, a data-driven study including more
than 9,200 adolescents and over 17,000 variables found
that minoritized populations experienced higher burden
during the pandemic [112].

Resilience as an outcome

Resilience as an outcome can also be operationalized as
the absence of psychopathology in the presence of high
risk or adversity [113]. Definitions and operationaliza-
tions of resilience vary, but most researchers agree that
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Fig. 2 Sex and gender influence associations between brain, behavior, and risk and protective factors. This simplified illustration highlights the complex
relationships that exist between brain, behavior, and risk and protective factors and demonstrates how sex and gender may influence those relationships.
Sex effects can include influences of hormones, chromosomes, and the HPA (hypothalamic-pituitary-adrenal) axis while gender effects can include the
influences of societal norms, gender identity, and stereotypes. Moreover, individual experiences in day-to-day life are influenced by both sex and gender
effects. Collectively, these sex and gender effects can influence brain, behavior (in terms of both mental wellbeing and psychopathology), and risk/pro-
tective factors, as well as the relationships between then. Moreover, risk/protective factors can be context-dependent and dynamic

it constitutes an adaptive process in response to adversity
[114].

Specifically, one operationalization could be the
absence of post-traumatic stress disorder or major
depression after trauma exposure (e.g., childhood mal-
treatment, natural catastrophe, experiences of war,
terrorist attacks). In healthy, at-risk individuals (with
childhood maltreatment and familial risk), studies iden-
tified larger gray matter volume in the left dorso-lateral
prefrontal cortex, higher fractional anisotropy in the for-
ceps minor, and right inferior fronto-occipital fasciculus
as potential biomarkers for resilience [7, 115].

In another study conducted in 65 adolescent females,
structural correlates of resilience to depression were
reported. Here, resilient females presented with higher

functional connectivity between the amygdala and the
orbitofrontal cortex, as well as the dorsolateral prefron-
tal cortex and frontotemporal regions [116]. Based on
the reported findings, the authors suggested these func-
tional alterations might enable resilient individuals to
better regulate their emotions and behaviors [116]. Taken
together, these studies highlight the sex- and gender-
specific effects that resilience exerts on both brain and
behavior and underscore the necessity to investigate
them separately for different sexes and genders [117,
118].

Context-dependency of risk and protective factors
Protective and risk factors are context-specific and
dynamic. Factors that are protective for certain
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individuals or groups in specific conditions or environ-
ments may not be helpful or could even be harmful to
others under different conditions or in different environ-
ments. Further, the impact of protective factors may fluc-
tuate throughout the lifetime and exert differential effects
at different ages.

An example that highlights the intricate relation-
ship between risk and protective factors is the His-
panic Health Paradox or Hispanic Mortality Paradox. It
describes the contradictory findings that Hispanic indi-
viduals in the United States report better mental and
physical health despite lower education and income,
which are often considered to be risk factors. Explana-
tions for this span genetic and societal influences that
may exert unique effects on this population [119]. These
findings may not translate to all domains, as other stud-
ies have reported higher levels of stress due to racial and
ethnic discrimination and higher levels of depressive and
anxiety symptoms during the COVID-19 pandemic in
this population [108, 120].

Just as protective factors do not always have a posi-
tive impact, risk factors are not always negative. Several
studies have identified associations between moderate
amounts of stress and more positive health outcomes,
such as better coping and less depressive symptoms
[121]. This surprising finding has been termed “stress
inoculation” and was reported in both animals and
humans [122]. The exposure to mildly to moderately
stressful events and environments may prepare individu-
als to deal more effectively with future stressors without
overwhelming their capacities [122]. Therefore, exposure
to daily stressors, although inconvenient in the short
term, may lead to better coping and higher resilience in
the long term. We note here that while stress, in specific
forms and levels, may be beneficial, we are not suggesting
that individuals should be exposed to “small or moder-
ate” amounts of childhood maltreatment or racism. Both
experiences are inherently aversive and on the extreme
end of the stress spectrum.

Context-dependency has also been observed for a
gene-by-environment interaction of a risk and protec-
tive factor. A genetic variant of the oxytocin receptor
gene associated with increased social sensitivity and
higher receptiveness for social support yielded detri-
mental effects in individuals with a history of childhood
maltreatment [123]. In carriers of the higher social sensi-
tivity allele, a dose-dependent effect of exposure to child-
hood maltreatment was associated with smaller striatal
gray matter volume. Based on these findings, the authors
concluded that higher social sensitivity was beneficial in
positive environments, whereas in adverse environments,
it could lead to detrimental effects [89].

Another example of the context-dependency of risk and
protective factors is the impact of the conscientiousness
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personality trait during the COVID-19 pandemic. Con-
scientiousness is generally considered a protective fac-
tor; it entails being organized and responsible and is
associated with better academic outcomes and greater
life satisfaction [124, 125]. However, during the COVID-
19 pandemic, individuals with higher conscientious-
ness reported higher levels of fear in a study of N=1,268
adults. Since these individuals often benefit from struc-
tured and organized environments and situations, the
unpredictability of the pandemic may have led to this
typically protective trait becoming a risk factor [83]. Sim-
ilar results were found regarding subjectively reported
life satisfaction following loss of employment, where
highly conscientious individuals reported greater drops
in life satisfaction than other individuals [126]. Therefore,
when considering protective and risk factors in research
and clinical practice, it is important to recognize their
context-specific influences on brain and behavior.

Jointly investigating risk and protective factors also
allows for the identification of targeted and effective
interventions. A study in 190 Black Americans found that
mindfulness successfully buffered against the negative
effects of race-related vigilance and was associated with
lower levels of depressive symptoms [127]. In a study of
336 (204 female) Asian-American college students, a sex
and gender effect was detected in dealing with perceived
racism: here, males were more likely to use support-seek-
ing coping strategies, whereas females were more likely
to apply active coping strategies. Both are adaptive cop-
ing strategies and are considered protective. Surprisingly,
both strategies served to actually increase racism-related
stress in both males and females [128]. These findings
illustrate that protective factors are not protective in all
settings and may even have opposing effects in specific
circumstances. Intervention strategies may need to be
tailored to the specific problem. In this instance, indi-
vidual-focused coping strategies may not suffice in coun-
teracting the adverse effects of a larger, systemic issue
such as racism. Moreover, focusing solely on strategies
that can be applied at an individual level (e.g., optimism,
meditation) unjustly places the burden of action on the
already disadvantaged group, rather than addressing the
issue at a systemic level. This study further highlights the
importance of considering protective factors alongside
risk factors, as it can also help identify ineffective strat-
egies, enabling researchers to strategically invest in fac-
tors that effectively mitigate adverse psychopathological
outcomes.

Interdependent effects of sex and gender, and risk and
protective factors

Our examples underscore the interdependent nature
of risk and protective factors. Importantly, interactive
effects may even encompass three-way interactions, that
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include the effect of genetic factors, along with environ-
mental risk and protective factors. Additionally, risk and
protective factors impact sex and gender, and vice versa.
This joint interplay in turn affects brain and behavior, as
illustrated below in Fig. 2. Furthermore, possible feed-
back loops are conceivable, wherein brain and behavior
influence risk and protective factors, and sex and gender.
Researchers should be aware of the complex interplay of
these factors.

Beyond binary sex and gender

Important limitations to the generalizability of the find-
ings and recommendations presented here should be
noted. First, the discussion in this review is limited to
binary sex and gender. Experiences of individuals identi-
fying with other genders might differ as they are exposed
to additional stressors that cis-gender individuals may
not experience. Few studies have addressed the specific
adversities and protective factors that affect transgender
and non-binary populations [129-131]. External stress-
ors in these populations include anti-trans legislation
and policy, discrimination, violence, and social rejection.
Internal stressors include internalized trans-negativity,
anticipated stigma, and identity non-disclosure. These
additional external and internal stressors can lead to
worse mental health outcomes which include substance
use, eating disorders, depression, anxiety, and post-trau-
matic stress disorder [130].

As a drastic example, conversion therapy is the unethi-
cal and unscientific attempt to change an individual’s
gender identity to fit societal norms. A large study of
7,576 transgender, nonbinary, and gender diverse adoles-
cents and adults in China demonstrated how the practice
is associated with significant risk for psychopathology
including post-traumatic stress disorder symptoms and
suicide attempts [129]. Conversely, gender-affirming
medical interventions, legacies, social support, and
validating gender identity was found to have a positive
impact on nonbinary and transgender individuals in
other studies [130-132]. Specifically, validating, actively
endorsing, and defending gender-identity along with
active learning and self-education emerge as impor-
tant practices for allies to protect trans and nonbinary
individuals’ mental health [131]. Further high-quality
research needs to be conducted to systematically elu-
cidate mental health predictors and outcomes in these
under-researched populations.

A critical first step will be to acquire relevant sex and
gender data in research practice. While this may mar-
ginally increase the burden placed on researchers, it
will enable us to conduct much-needed research on this
topic. Collecting and analyzing data that has previously
not been investigated may also lead to new and promis-
ing findings.
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Implementation

Currently, there is a mismatch in research such that
mental health interventions and psychotherapy focus
on improving and strengthening protective factors, but
psychiatric research typically does not consider them. In
most areas of brain sciences, this has resulted in a focus
on risk factors and their influences on mental health.
Therefore, a paradigm shift towards a more resource-
oriented, rather than deficit-focused approach to mental
health is needed. This paradigm-shift can be observed
in important research areas of stress resilience, which
actively focus on mechanism and effects of adaptive
coping with adversity [133—137]. Researchers should be
aware of the fact that the absence of a risk factor does
not necessarily imply the presence of a protective fac-
tors. Some questionnaires may cover risk and protec-
tive factors, such as physical exercise or socioeconomic
status (where low scores are associated with risk, but
high scores are associated with protective effects). How-
ever, not all questionnaires span this spectrum, e.g., the
absence of childhood maltreatment is not in itself pro-
tective. Indeed, a benevolent childhood experiences
(BCE) questionnaire was developed as the counterpart
to the adverse childhood experiences questionnaire. In a
study of 101 pregnant females, BCE were shown to miti-
gate adverse effects of childhood maltreatment and was
associated with lower levels of psychopathology [138].
Therefore, when studying risk factors, researchers should
also consider protective measures in their analyses. This
may include measures of social support, socioeconomic
status, education, resilience, or personality traits. More-
over, these protective measures should not be considered
covariates-of-no-interest and regressed out from the
analyses. Instead, a statistical approach should be imple-
mented that considers both risk and protective factors,
as this allows for the investigation of interaction effects.
If data on protective factors is not available, researchers
may consider investigating secondary outcomes associ-
ated with mental health, such as perceived stress or life
satisfaction.

Regarding sex and gender effects, incorporating a
dichotomous variable (female/male) is often not suf-
ficient to represent the complexities and lived expe-
riences of sex and gender domains. Economic tools
to assess sex and gender include the Diversity Mini-
mal Items Set (DiMIS), which covers nine diversity
domains (sex and gender, age, socioeconomic status,
care work, sexual orientation, race/ethnicity, religion,
disability, and mental health) and their intersections
[139]. Ongoing large-scale data collections efforts,
such as the Adolescent Brain Cognitive Development
study, have also provided information on how to assess
sex and gender and related factors in specific popu-
lations [140]. These factors should be considered to
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detect their unique influences on brain, behavior, and
mental health rather than “controlling” for sex and
gender as a covariate.

In short, researchers should begin to view sex and
gender as variables of interest, rather than nuisance
variables. They should be precise in the language they
use to describe these constructs. Separate analyses
should be conducted for different sexes and genders.
Researchers should further collect data on gender,
which may include questionnaires of gender expres-
sion and gender identity. Research should be con-
ducted in diverse populations that include minoritized
groups, and non-binary and trans individuals. In inter-
preting data, researchers should be aware of not per-
petuating harmful deficit-focused narratives and take
an active anti-sexist stance in their interpretation.
For a more detailed discussion on how to successfully
account for sex and gender influences in analyses, we
refer our readers to [15, 141-143].

Conclusion

A large focus in current research lies on the investi-
gation of risk factors and their impact on psychopa-
thology and the brain. It is important to identify the
factors that most prominently contribute to adverse
mental health outcomes. However, these are intercon-
nected and embedded in a multi-dimensional context.
Researchers should be aware of the questions we ask,
as these shape the narrative around mental health
and psychopathology. Focusing on risk factors limits
us to insights into the mechanisms that underlie their
negative influences on mental wellbeing, perpetuat-
ing a deficit-focused view that may, in the worst case,
stigmatize individuals with risk factors. The “ordinary
magic” of resilience, i.e., the fact that many individu-
als with risk factors will not develop psychopathol-
ogy, needs to be acknowledged in both research and
clinical practice [144]. Identifying meaningful pro-
tective factors for specific population cohorts and
understanding their neural correlates and resilience
mechanisms will facilitate the development of tar-
geted prevention and intervention programs and
improve quality of life for at-risk individuals and indi-
viduals with psychiatric illnesses.

The ultimate goal of research in the brain sciences
is to provide a comprehensive understanding of the
neurobiological mechanisms that underlie behaviors,
yielding critical insights into the neural underpin-
nings of brain disorders. In order for this research to
be meaningful, it must be reliable, reproducible, and
generalizable. If we do not adequately reflect popula-
tion diversity — which is associated with significant
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biological and behavioral diversity — in our research,
research findings are likely to be limited in their gen-
eralizability. To do this, research needs to include
diverse samples especially regarding sex and gender,
and race [145]. Investigating these effects does not
mean refusing to accept similarities. However, com-
bining these potentially different populations might
produce what is called the Simpson paradox: trends
in different direction in subgroups might disap-
pear when groups are combined [145]. To avoid this,
researchers should perform sex-specific analyses in
men and women, and males and females [141].

Sex and gender differences in the prevalence, mani-
festations, and brain correlates of psychopathology have
been repeatedly demonstrated [146, 147]. Therefore,
these effects should be considered when researching
risk and protective factors for psychiatric disorders. The
examples provided here underscore the need to incorpo-
rate protective factors into research and investigate sex
and gender differences. This will introduce complexity
but is also more likely to adequately depict the reality of
lived experiences of individuals. Embracing this complex-
ity in research, rather than negating it, will yield better
risk prediction and critical findings that may otherwise
remain undetected [22].

Perspectives and significance

Many researchers have advocated for more inclusive
practices, and recent advances in this realm show that
more inclusive and holistic research is feasible and
does not impair the ability to publish [15, 19, 145, 148,
149]. Research is often considered to be objective,
but the hypotheses we generate, the samples that we
use, and the statistical techniques we apply critically
influence the findings we obtain. Focusing entirely on
risk factors and their behavioral and brain outcomes
will produce more results highlighting the adverse
effect of risk factors. Neglecting to investigate men
and women, and males and females separately, not
including more diverse assessments of sex and gender
and not including diverse populations (e.g., trans and
non-binary individuals) will generate more research
that is blind to sex and gender effects and that sup-
ports cisnormativity (i.e., the notion that cis-gender
identities are the norm and variation from the gender
binary is abnormal) [130]. Therefore, applying novel
approaches in research will enable us to change the
status quo, reflect the rich diversity in lived experi-
ences, and enable us to acquire deeper findings in
research that might in turn be applied to inform
meaningful interventions.
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