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This paper reviews literature surrounding sex differences in depression, anxiety, and post-traumatic stress disorder (PTSD).
Women are two to three times more likely to develop psychiatric disorders such as these, but more sex difference research
is needed to further understand how these disorders appear differently in women and men. Biological factors, such as brain
activation, can contribute to the development of psychiatric disorders, along with other factors, such as pregnancy and postpartum.
Sex differences can be studied in those aspects, along with animal and human models, which provide insight into behavioral
patterns and common symptoms. The pharmacological and non-pharmacological treatment of these disorders can also shed
light on sex differences, as reactions to treatment can best indicate future directions. With the introduction of the policy that
designates sex as a biological variable (SABV), research into sex differences has grown, and it is important for that field to

continue expanding for future diagnoses and treatments to better represent both sexes.

Introduction

This review primarily discusses sex differences in three psy-
chiatric disorders, while also including discussions regard-
ing biological sex differences. Depression, anxiety, and post-
traumatic stress disorder (PTSD) are the three psychiatric dis-
orders that are focused on in this review. Animal and human
models of these psychiatric disorders are discussed in order
to present sex differences in diagnosis and treatment. Addi-
tionally, the biological sex differences discussed include neu-
roanatomical and hormonal differences. This review focuses
on sex differences within the context of the historical lack of
research using females to study psychiatric disorders.
Historically, the inclusion of female animals in preclinical
research has been lacking. Due to this, much of the foundation
for current therapeutics is based solely on male physiology
and neurobiology. Almost 80% of articles from the early 20th
century did not include a specific sex for animal trials, and
after 1969, there was a substantial increase in trials that were
specified as being only male. In 1993, the NIH passed the
Revitalization Act, which mandated that female participants
should be included in clinical trials, but the mandate did not
state that female animals had to be included and tested in pre-
clinical trials or earlier research stages. Therefore, a policy
requiring sex as a biological variable (SABV) in NIH-funded
research on vertebrate animals and humans went into effect in
2016, a pivotal moment in history for more gender inclusive
research. Measures such as these have allowed for greater in-
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clusion within research and enabled a greater opportunity for
understanding sex differences.

Methods

The scientific papers in this literature review were found using
PubMed and Google Scholar. Research papers were included
if they discussed sex differences in depression, anxiety, and/or
PTSD and had a section on sex differences in a topic asso-
ciated with these disorders. Papers were excluded if they dis-
cussed disorders that were not relevant to this review or did not
discuss sex differences in findings. Limitations of this review
include the inability to reference papers that I could not access,
such as those not on the PubMed Central database, or ones
without full access on another database’s website. The main
keywords included sex differences, psychiatric disorders, de-
pression, anxiety, PTSD, animal models, treatment. Papers
from 2010-2025 were searched due to specificity of the crite-
ria. Older papers were cited due to their contributions to the
understanding of the topics presented in the review.

Biological Sex Differences

Neuroanatomical Sex Differences: The Biology Behind
Psychiatric Disorders

There are many differences in the neuroanatomy of women
and men, which originate before birth and continue to change
through puberty. During prenatal and postnatal development,
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Fig. 1 PRISMA Diagram detailing the search methods, inclusion,
and exclusion criteria for sources were found for this literature
review.

the hypothalamic-pituitary-gonadal axis produces high levels
of gonadal steroids, such as testosterone and estradiol. This
promotes the organization of the central nervous system for
sexual differentiation, otherwise known as the “masculiniza-
tion” or “feminization” of the brain® (Table 1). Testosterone
for males and estrogen and progesterone for females then be-
gin to circulate during puberty and continue to impact brain
development. This can be supported by a positive correlation
between testosterone and white matter> and a positive correla-
tion between estradiol, parahippocampus, and uncus gray mat-
ter® (Table 1). These observations demonstrate how hormones
enable the neuroanatomy of women and men to develop and
mature in distinct ways.

In the brain, the cerebrum can be divided into the frontal,
parietal, temporal and occipital lobes. It is also split into two
hemispheres, the right and the left hemispheres, which each
contain portions of these lobes. Neurons form the connections
between regions of the brain, since these lobes are divided and
need to be able to communicate in close and far distances.
However, research has discovered that this may occur differ-
ently in women and men.

A study found that men tend to have greater within-
hemispheric connectivity, while women tend to have greater
between-hemispheric connectivity, showing how communica-
tion pathways differ in the brains of women and men' (Table
1). Consequently, the left and right hemispheres in the male
brain tend to have improved communications within each indi-
vidual hemisphere, while the left and right hemispheres in the
female brain tend to have improved communications between
the two hemispheres. The same study concluded that greater
within-hemisphere connectivity creates an efficient system for
coordinated action, and enhanced motor abilities have allowed
more aggressive tendencies to develop in men. The study
then determined that greater between-hemispheric connectiv-
ity creates improved integration of analytical and sequential
reasoning with spatial and intuitive information processing in
women; this has allowed for women to have enhanced mem-

ory and social cognition skills.

This difference in brain connectivity could provide an ex-
planation for the greater prevalence of psychiatric disorders
in women. The effect of an enhanced memory on women is
reflected in higher rates of lifetime prevalence of PTSD and
the effect of enhanced social cognition on women is reflected
in a type of anxiety disorder, Social Anxiety Disorder. This
lack of memory enhancement in men could potentially explain
the difference in symptoms of depression, anxiety, and PTSD,
which will be discussed in greater detail later in this review.
However, these differences can be influenced by brain size, as
another study found a lack of sex differences in connectivity
with brains of a similar size. If this is the case, then differ-
ences in connectivity could occur regardless of sex and may
necessitate research on how brain volume relates to function-
ality.

There are also sex differences in brain activation. In a study
by Stevens & Hamann, it was found there to be greater acti-
vation in the left amygdala for women who exhibited negative
emotions, compared to men® (Table 1). Women tend to re-
spond more strongly to negative emotional stimuli, which can
be connected to a greater risk for the development of depres-
sion and anxiety!’. Additionally, the same study found that
men who exhibited positive emotions had greater activation in
the left amygdala compared to women (Table 1). The amyg-
dala is a part of the neural network that controls emotional
regulation and can also be activated during exposure to stres-
sors for women. While sex differences in the activation of
the amygdala have not been fully explored, they may be linked
to the prevalence of psychiatric disorders in women. In gen-
eral, sex differences in connectivity and activation of the brain
are significant in understanding the differing neurobiology of
women and men.

Testosterone & Estrogen: The Hormones That Could Af-
fect Psychiatric Disorders

In the research of psychiatric disorders, the hormone testos-
terone has been found to have a variety of effects in women
and men. Testosterone is a hormone that can exist in con-
centrations ten times higher in men than women, and starts
circulating in young boys during puberty, but can affect men
throughout the rest of their lives'2. It was found that men with
decreased levels of testosterone due to the condition hypog-
onadism more often developed an anxiety disorder or major
depressive disorder than those with normal levels of testos-
terone?. Additionally, men with prostate cancer who were
treated with a drug that lowers testosterone levels had an in-
creased chance of developing an anxiety disorder or major de-
pressive disorder 12 As such, it is evident that decreased levels
of testosterone may be connected to adverse psychiatric ef-
fects. Therefore, testosterone treatment has been administered
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Table 1 Sex Differences in Neuroanatomy and Brain Function. This table summarizes the neuroanatomical differences that are discussed in
the Biological Sex Differences section. As such, the following differing features that distinguish female and male brains are represented:
feminization and masculinization of the brain, gray and white matter in the brain quantity, hemispheric connectivity, and amygdala activation.

Female Features

Male Features

Feminization of the brain due to production of
high levels of gonadal steroids in prenatal and
postnatal development™

Positive correlation between estradiol,
parahippocampus, and uncus gray matter®

Greater between-hemispheric connectivity”

Greater activation in the left amygdala during the
exhibition of negative emotions®™

Masculinization of the brain due to production of
high levels of gonadal steroids in prenatal and
postnatal development*

Positive correlation between testosterone and
white matter=

Greater within-hemispheric connectivity'’

Greater activation in the left amygdala during the
exhibition of positive emotions®

to hypogonadal men to combat these effects, and in the major-
ity of situations, it has improved symptoms of depression and
anxiety 2.

Although testosterone exists in lower concentrations in
women, a study found that women with a depressive or anxiety
disorder contained less salivary testosterone than women with-
out a psychiatric disorder’®. When testosterone treatment,
which increases testosterone levels, was given to depressed
women, it lessened feelings of depressi0n16. As such, testos-
terone levels may factor into the prevalence of psychiatric dis-
orders in women. Another study found that testosterone lev-
els may affect amygdala reactivity in women”, which would
be significant since the amygdala controls emotional regula-
tion. The same study found that lower levels of testosterone
were associated with decreased amygdala reactivity, and when
testosterone was administered to increase levels, amygdala re-
activity also increased. While this study increased testosterone
in middle-aged women, whose testosterone levels were lower
simply due to aging, it is worthy to note the impact that the
hormone had on the brain. However, it has been found that
the administration of testosterone in women may instead in-
crease feelings of depression and therefore, consideration of
all potential effects, wanted or unwanted, must be taken into
account'®, While more research is needed to investigate the
potential relationship between testosterone levels and psychi-
atric disorders, individuals should not overlook that the hor-
mone may affect research studies in human models.

The hormone estrogen has also been found to affect sys-
tems in the brain in both women and men. Men have higher
and more stable estrogen levels in the brain than women, due
to androgens being aromatized to estradiol'®. Aromatization
is a process where the enzyme aromatase converts androgens
into estradiol, a form of estrogen. Since androgens, hormones
that are readily available in males, are continuously being con-
verted to estradiol, it allows for levels to remain at a more

constant rate in men. However in women, levels of estrogen
can fluctuate, impacting mood and emotion, particularly in a
way that may increase symptoms of anxiety and depression’.
Therefore, this may contribute to the varying development of
psychiatric disorders in women versus men.

Estrogen receptors can be found in a variety of places in
the brain, such as the hippocampus, hypothalamus, and amyg-
dala?Y. In a study of Major Depressive Disorder (MDD),
it was found that G protein-coupled estrogen receptor 1
(GPER1) levels were higher in those with MDD than those
without??. Additionally, the same study found there was a
positive correlation with high GPERI1 levels and depression
scores. This study looked at GPER1 levels in women and
men, showing how estrogen receptors can affect psychiatric
disorders regardless of sex. The influence of estrogen and es-
trogen receptors is certainly significant, and further research
will need to be conducted to fully understand their role in psy-
chiatric disorders.

Research Concerns Regarding Testosterone and Estrogen

There are a variety of concerns in research about the effect
of hormones, especially estrogen, on research in animal and
human models. Hormone fluctuations during the menstrual
cycle in women (estrous cycle in rodents), such as estrogen,
have been known to discourage the use of human and rodent
females in research®’. Female rodents have a four-day ovar-
ian cycle, which could necessitate researchers to take vaginal
swabs in studies that may have hormonal effects®*. However,
the effect of testosterone could be just as consequential as the
hormones typically avoided in females. It was found that male
rats housed together tend to establish a dominance hierarchy,
which has the potential to activate circulating testosterone in
both the dominant males and non-dominant males>. The cir-
culation of testosterone could skew data results just as much
as a hormone like estrogen would, therefore, causing the favor
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of male animals to be unwarranted.

The need for more studies including female animals was
recognized with the implementation of the sex as a biological
variable (SABV) policy in 20162, The policy necessitates the
use of both female and male animals, and if researchers choose
not to include both sexes, an acknowledgement of the reason
why is required. The policy has certainly made an impact,
with Gereau et al. finding sex differences in neurotransmitter
release that modulate alcohol consumption®. The policy’s
future life and success remain a mystery, though, with current
legislation terminating activities aimed at advancing diversity,
equity, and inclusion*Z. As the potential for a future without
this policy approaches, it is important for sex differences to
be acknowledged when necessary, as the current research has
made a significant impact.

A Unique Biological Difference: The Effect of Pregnancy
on Psychiatric Disorders

Pregnancy and postpartum are instances unique to women
where there is an increased risk for a psychiatric disorder, such
as depression or anxiety. Approximately 10-14% of pregnant
women in the general obstetric population meet the criteria
for major depressive disorder?®. Additionally, approximately
1 in 5 women will develop an anxiety disorder during preg-
nancy“?. It has also been found that women who have a pre-
vious psychiatric disorder and then become pregnant tend to
have a higher allostatic load and higher rates of depression and
anxiety than pregnant women who were not previously diag-
nosed with a psychiatric disorder=". Pregnancy is difficult to
study in human and animal models, but it is evident that preg-
nancy can affect the mental state of a significant portion of
women. Treatment to help relieve women of symptoms of de-
pression and anxiety during pregnancy is even more difficult
to study, and there have been a variety of findings on the ef-
fects.

Several researchers have studied the effects of pharmaceu-
ticals for psychiatric disorders on pregnant women. For ex-
ample, the use of benzodiazepines and selective serotonin re-
uptake inhibitors (SSRIs) has been found to have adverse be-
havioral effects in infants one month postpartum!. Benzo-
diazepines are commonly used to treat anxiety disorders, and
SSRIs are commonly used to treat depressive disorders. How-
ever, there is a risk for development of preeclampsia with
pharmaceutical interventions during pregnancy. Preeclamp-
sia is a condition that includes hypertension that develops at
less than 20 weeks of gestation and either proteinuria, adverse
conditions, or severe complications 32 Bernard et al. found
that women who used antidepressant and anxiolytic medica-
tions during the 16 weeks of pregnancy increased their risk
of developing preeclampsia by 3 times, compared to women
who did not use those medications=>. Additionally, women in-

creased their risk of preeclampsia if they continued to use the
medications after 16 weeks. Most pharmacological treatments
for anxiety and depression come with complications. How-
ever, non-pharmacological treatments, such as mindfulness-
based programs, can be beneficial to pregnant and postpartum
women=%. These programs should be accessible and recom-
mended, especially due to the risks with medications, until
further research can be done to create safer drugs for pregnant
and postpartum women with psychiatric disorders.

Sex Differences in Common Psychiatric Disor-
ders

Depression

Depression is a common psychiatric disorder that has a variety
of symptoms and subtypes under its general categorization.
Symptoms can include depressed mood, loss of interest in ac-
tivities, weight changes, fatigue, and suicidal ideation?. The
most common subtype of depression is major depressive dis-
order (MDD), with other subtypes including seasonal depres-
sion, bipolar disorder, and persistent depressive disorder=°.
Depression is an example of a psychiatric disorder more com-
mon in females than in males, with data from a recent sur-
vey showing that the overall depression prevalence was 16%
for females and 10.1% for males=Z. Additionally, the survey
showed that depression prevalence for every age group was
higher in females than males. With these data, it is impor-
tant to discuss observed sex differences in animal models and
human studies to improve the diagnosis and treatment of de-
pression.

In the study of depression, animal models have revealed
differences in the behaviors of females and males, with cer-
tain tests being used on rodents to investigate this. The forced
swim test (FST) had been commonly used to measure depres-
sive behaviors, such as learned helplessness and despair, by
placing a rodent in a container of water where it cannot es-
cape. In a study that researched literature that conducted the
FST, whether female or male rodents tended to exhibit more
depressive behaviors varied, with some stating that females
exhibited more depressive behaviors, others stating that males
exhibited more depressive behaviors, and some with no differ-
ences between the behaviors of males and females®® (Table 2).
The inconclusiveness of these findings represents the range of
sex-based research in the study of depression. A study has hy-
pothesized many reasons for this, including the use of geneti-
cally different strains of mice, the inability to replicate certain
symptoms in animals, slight differences in lab protocol during
behavioral tests, and the effect of the estrous cycle®?. Addi-
tionally, the validity of the FST has been questioned, and ethi-
cal concerns have been raised about its methods*?. Therefore,
as the study of depression with animal models continues, it is
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important to acknowledge the factors which may be contribut-
ing to sex differences or a lack of sex differences, especially
when making comparisons with humans.

Sex differences in the study of depression have also been in-
vestigated via human models. It has been reported that women
experience depressive symptoms, such as depressed mood,
weight change, and sleep disturbance, at a higher frequency
and intensity than men“3. This is supported by the fact that
women are more likely to develop an eating disorder and have
an increased risk for depression, while men are more likely to
abuse anabolic steroids and have an increased risk for depres-
sion*¥ (Table 3). In another example, those who have experi-
enced childhood sexual abuse (before 18 years of age) can be
linked to depression in adolescence and adulthood*>. In a sur-
vey from the United States, this occurs in as many as 14.5%
of women and 7.2% of men“®, showing the sex discrepancy
for those who are most likely to experience this social situa-
tion and potentially develop depression. These examples have
allowed researchers to further understand the sex differences
in depression and how certain situations may have led to the
existence of these differences. Additionally, these situations
give an insight into how depression should be diagnosed, with
consideration of environments that have impacted women and
men in various ways.

A variety of sex differences in the pharmacological treat-
ment of depression have been researched. Some medications
for depression include selective serotonin reuptake inhibitors
(SSRIs) and tricyclic antidepressants (TCAs)“?. Kornstein
et al. found that women were more likely to respond favor-
ably to sertraline, an SSRI, while men were more likely to
respond favorably to imipramine, a TCA®Y. Another study
found that women with nonmelancholic major depression, a
form of depression less severe than melancholic major depres-
sion, or dysthymia, a long-lasting form of depression, found
sertraline more effective and tolerable than imipramine, while
men with the same disorders had a similar response to both
drugs®!. Additionally, a study found no sex differences in re-
sponse to SSRIs and TCAs by women and men with melan-
cholic and non-melancholic depression 22 However, the same
study noted that younger age was associated with a better re-
sponse to SSRIs, and older age was associated with a better
response to TCAs.

Due to the various study designs, length of the studies, and
location of the studies, these findings contradict one another.
Additionally, there are several biological factors that can con-
tribute to these conflicting results and explain the sex dif-
ferences that exist in the response to antidepressants. Some
of these factors are pharmacokinetic, meaning they influence
how the drug is broken down, like absorption in the stomach,
distribution through the bloodstream, and rate of metabolism
by enzymes>>. Another study has found that genes may play
arole in the efficacy of antidepressants, when gene expression

impacts neural structures and neurotransmitters, especially in
those who have MDD, Therefore, due to the number of bio-
logical factors and studies with varying findings of responses
to antidepressant pharmaceuticals, it is important to consider
these sex differences in future treatment of depression.

There have also been observed sex differences in respon-
siveness to non-pharmacological methods of treatment. This
includes cognitive behavioral therapy, counseling, psychoed-
ucation, and other therapies. Women were more likely to rate
cognitive behavioral therapy or counseling as more effective
than men>> (Table 4). Another study found that women with
depression more often lacked psychoeducation than men, and
showed less comprehension of their depression than men=9.
The researchers believe that this is not linked with remission
of depression in females, but possibly linked with the remis-
sion of depression in males. Additionally, not all subtypes
of depression can be treated with just one type of treatment,
with Miklowitz et al. confirming that medication in combi-
nation with a non-pharmacological treatment, such as cogni-
tive behavioral therapy, is more effective at reducing recurring
episodes in those with bipolar disorder®”. Observations such
as these allow for a further understanding of the effectiveness
of these treatments in both women and men.

Anxiety

Anxiety is a common psychiatric disorder with a variety of
subtypes and symptoms. Some of these include generalized
anxiety disorder (GAD), social anxiety disorder (SAD), and
panic disorder (PD). Symptoms of these subtypes can range,
but they generally include feelings of worry, restlessness, or
fear>>. Anxiety is a psychiatric disorder that tends to be more
prevalent in women than men. In a recent survey, approxi-
mately 23.8% of women had ever been diagnosed with anx-
iety, compared to 12.8% of men®’. A review found that dif-
ferences in gender socialization could contribute to the devel-
opment of anxious behaviors, in addition to biological factors
and having other psychiatric disorders®. This might provide
an explanation for the sex differences that exist amongst anx-
iety disorders, and further research is encouraged to explore
this pattern and others.

In order to study anxious behavior in animals, several mod-
els have been developed with various purposes in mind. A
review focused on existing models describes unconditioned,
conditioned, drug, and genetic animal models, the behavioral
tests that are used, and the biological factors that contribute
to anxiety®. The researchers of the review suggest the use
of multiple models since one model may only elicit certain
aspects of anxiety. In this review, the studies that used behav-
ioral tests will be compared, but it is important to note the exis-
tence and the impact that other models may have. Behavioral
tests of anxiety include the elevated plus maze (EPM) test,
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Table 2 Sex Differences in Animal Models of Depression, Anxiety, and PTSD. This table summarizes the sex differences in animal models
that are discussed in the Sex Differences in Common Psychiatric Disorders section. Female and male rodents both express depressive
behaviors. Male rodents tend to show more anxiety-like behavior while female rodents tend to be more vulnerable to PTSD tests.

Behavioral Test(s) Female Behavior

Male Behavior

Interpretation

Depression: Forced
Swim

1 floating and
immobility

Anxiety: Elevated
Plus-Maze (EPM); Open

1 time in open arms
(EPM); 1 time in

Field (OF) center (OF)
PTSD: Cat Predator 1 vulnerability to cat
Stress odor

1 floating and
immobility

J time in open arms
(EPM); | time in
center (OF)

J vulnerability to cat
odor show more vulnerability to

Both female and male
rodents have shown

depressive behaviors=®

Male rodents tend to show
more anxiety-like
behavior®!

Female rodents tend to

predatory cues*?

Table 3 Sex Differences in Comorbidity of Depression, Anxiety, and PTSD. This table summarizes the sex differences in comorbidity that are
discussed in the Sex Differences in Common Psychiatric Disorders section. Women with depression tend to have comorbidity with eating
disorders, men with anxiety tend to have comorbidity with drug or alcohol use disorders, and women with PTSD tend to have comorbidity

with depression.

Psychiatric Female Tendencies Male Tendencies Interpretation
Disorder
Depression 1 Comorbid with eating | Comorbid with eating ~ Women are more likely than
disorder disorder men to be comorbid with an
eating disorder*
Anxiety J Comorbid with drug 1 Comorbid with drug Men are more likely than
or alcohol use disorder or alcohol use disorder women to be comorbid with
a drug or alcohol use
disorder®’
PTSD 1 Comorbid with J Comorbid with Women are more likely to
depression depression be comorbid with

depression®

where rodents are monitored in an elevated plus-shaped maze
with open and closed arms, and the large open field (LOF)
test, where rodents are monitored in an open enclosed area 03]
Anxiety is measured in the EPM test by comparing how much
time is spent on closed and open arms, since rodents tend to
prefer closed arms that are darker where they cannot see the
elevation. In the LOF test, researchers will measure anxiety
by comparing the amount of time that is spent in the corners
or the center of the area, with less exploratory rodents showing
more anxiety and vice versa.

Knight et al. observed that females entered and spent more
time on open arms during the EPM test and entered the center
zone more than males during the LOF test*! (Table 2). The
researchers in this study note that the rodents were not ex-
posed to any stressors beforehand, which could have affected

the sex differences in the prevalence of anxiety-related behav-
iors. In another study, no sex differences were observed in
the EPM test®®. While these studies found female rodents to
display less anxiety-like behavior and were more active than
male rodents, this does not necessarily reflect the prevalence
of anxiety-related behaviors in humans. Recent work has
called for the development of new models that are validated
with female animals, especially with the effect of the men-
strual cycle in humans and estrous cycle in rodents on anxious
behaviors®?. It highlights the need for further research on sex
differences, as animal models and the tests conducted on them
are limited in mimicking the same disorders in humans.

There have been various observed sex differences in hu-
man studies of anxiety as well. Vesga-Ldpez et al. reported
that women with lifetime generalized anxiety disorder (GAD)
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Table 4 Sex Differences in Preferred Treatment of Depression, Anxiety, and PTSD. This table summarizes the sex differences in preferred
treatments that are discussed in the Sex Differences in Common Psychiatric Disorders section. Women are more likely than men to seek a
non-pharmacological treatment for depression and anxiety, but more likely to seek a pharmacological treatment for PTSD.

Psychiatric Female Tendencies Male Tendencies Interpretation

Disorder

Depression 1 Likeliness to rate J Likeliness to rate Women were more likely
cognitive behavioral cognitive behavioral than men to rate
therapy or counseling as  therapy or counseling as  non-pharmacological
effective effective treatment as effective™>

Anxiety T Likeliness to seek a J Likeliness to seek a “Feminization” of
mental health mental health non-pharmacological
professional professional treatment can impact its

appeal for men=®

PTSD 1 Likeliness to seek J Likeliness to seek Pharmacological treatments
pharmacological pharmacological may be more popular due to
treatment treatment comorbidity with anxiety

and depression>”

were more likely to have more autonomic, cardiovascular, res-
piratory, and gastrointestinal symptoms than men“’. Addi-
tionally, the study also found that men were more often re-
ported to use alcohol, medication, and drugs to help relieve
their symptoms of GAD than women (Table 3). A sex differ-
ence is evident in the presentation of symptoms, along with
reaction to symptoms, showing a similarity in humans and an-
imal models. In another study, women who met criteria for
social anxiety disorder (SAD) were more likely to report a
greater number of social fears, while men who met criteria for
SAD were more likely to report a greater number of dating

fears®.

Sex differences being exhibited in a range of fears in SAD
represent the extent to which differences can occur. Additional
observations in human studies of anxiety can provide further
insight into the prevalence of these sex differences and their
effect on diagnosis and treatment.

There are a variety of pharmacological treatments that have
been developed for anxiety, along with sex differences that
have been observed in some of those treatments of anxiety.
Some common pharmacological treatments include benzodi-
azepines, buspirone, and antidepressants 67 However, the fe-
male hormone progesterone is associated with reduced gas-
tric acid production, which could affect dosage and ability to
absorb certain medications, such as the anxiety medications
mentioned above®®. As such, it is clear that biological sex dif-
ferences can impact the efficacy of treatment for anxiety disor-
ders. Additionally, it has been observed that an equal number
of women and men were using pharmacological methods to
treat their anxiety, even though more women reported having
an anxiety disorder®”.

However, the researchers also found a higher frequency of
antidepressant use in women. This is in accordance with an-
other study that found women to use medications for treat-
ment significantly more often than men across all mental dis-
orders”?. However, the researchers mention that women were
also more likely to be diagnosed with a mental disorder, which
could affect prescription rates. They also say that stigmas
around mental illness often vary from country to country,
which would discourage reporting by men, impacting these
frequencies. It is important that researchers continue to seek
the best methods for the treatments of anxiety for women and
men, even if they are not the same.

There are also a variety of non-pharmacological treatments
for anxiety, in which sex differences have been observed. Ex-
amples of non-pharmacological treatments include psychoed-
ucation, psychotherapy, and mindfulness programs, with each
one dedicated to lessening symptoms in ways such as honing
in on emotions, changing behavior, and becoming adaptable to
anxious situations”. All of these non-pharmacological meth-
ods approach treating anxiety in different ways, but can have
different effects on women and men.

This is reflected in the fact that men are less likely to seek a
mental health professional, potentially due to ideas that it con-
tradicts masculinity, and that non-pharmacological treatments
tend to be “feminized”>¥ (Table 4). Many ideals of masculin-
ity do not include the emotional vulnerability that these ther-
apies require, and the “feminization” of these treatments may
be due to a decent majority of mental health professionals be-
ing female.

Sex differences in treatments can be affected by cultural and
environmental issues such as these. Therefore, additional re-
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search is needed to further understand sex differences in anx-
iety to improve non-pharmacological treatments for women
and men.

Post-traumatic Stress Disorder (PTSD)

Post-traumatic stress disorder (PTSD) is a trauma and stress-
related disorder that used to be classified as a subtype of anx-
iety. The trauma response can turn pathological when an in-
dividual re-experiences symptoms such as flashbacks, night-
mares, or memories. Encountering a reminder of trauma may
also lead to emotional distress, such as thoughts of negativ-
ity, isolation, and self-blame 3 The amalgamation of these
symptoms may lead to irritability, concentration difficulties,
and destructive behaviors=>. It has been reported that women
have a 2 to 3 times higher risk of developing PTSD, with the
lifetime prevalence of PTSD being approximately 10-12% in
women and 5-6% in men’?. Hypotheses for this sex differ-
ence include exposure to trauma at a younger age, differences
in emotional reactions to traumatic situations, and differences
in brain activity in traumatic situations’%, With the help of an-
imal and human studies, these sex differences can be further
explored to impact future diagnosis and treatment.

There are a variety of ways that PTSD can be modeled in
animals. These include exposure to physical stressors, which
may involve fear conditioning, and predator or predator odor
exposure’3. In fear conditioning, animals are exposed to un-
conditioned stimulus, such as an electric footshock, which
cause natural or reflexive reactions, such as freezing, and are
trained to associate it with a conditioned stimulus, such as
a sound’™. Fear extinction is the process of the conditioned
stimulus occurring without the unconditioned stimulus, which
results in the rodent creating a new memory in which the shock
and sound are no longer associated. This review will highlight
the findings of animal models with these tests that may pro-
vide insight to PTSD in humans.

In a study that used a stress-enhanced fear learning (SEFL)
model, a version of fear conditioning, no sex differences were
found in stress susceptibility, but the researchers note that sex
differences existed in factors that predicted stress susceptibil-
ity, which can be genetic, biological, or environmental”>. In
the cat predator stress test, the vulnerability of the rodents is
assessed after exposure to a cat or its odor. Adamec et al.
found no sex differences in the behavior of mice after expo-
sure to a cat, but that females were more likely to be vulner-
able to the odors of a cat after exposure®? (Table 2). Another
study found no sex differences in fear conditioning or fear ex-
tinction in rats”®. However, the researchers suggested that a
lack of a sex difference could be explained by a difference in
fear expression by female rodents.

Most of these studies suggest that female rodents exhibit the
same response to fear compared to male rodents. This lack of a

sex difference in vulnerability may indicate a need for further
research into the manifestation of PTSD specifically in female
animal models. However, the effect of the estrous cycle on an-
imal models has been researched, with one study finding that
the estrous cycle in adolescent rats may cause the fluctuation
of fear inhibition, suppressing instincts of fear, and estradiol
may protect against impairment in fear conditioning”’. This is
significant because multiple studies have found hormone lev-
els during the menstrual cycle in human females to affect fear
extinction”®8Y which may bring into question the ability to
use female animals as a comparable model. Therefore, further
research is needed to understand the expression and extinction
of PTSD in female rats, especially with the impact of biologi-
cal factors.

There are a variety of sex differences that have been ob-
served in human studies of PTSD. Men are more prone to
developing PTSD after witnessing or experiencing combat,
while women are more prone to developing PTSD after sexual
assault or sexual molestation®!. However, there are exceptions
to these sex differences, and female veterans are an example
of that. A study found that women and men who are exposed
to similar levels of combat stress are equally likely to develop
PTSD symptoms®*. Despite these findings, the same study
also found that men were still more likely to be diagnosed
with PTSD. However, this may be due to a presentation of dif-
fering symptoms, and future research is necessary to under-
stand how PTSD in female veterans may need to be diagnosed
differently from PTSD in male veterans. Additionally, PTSD
in all women and men may need to be diagnosed differently,
since the trauma that is experienced is distinct, and therefore,
may cause varying symptoms.

Comorbidity, the co-occurrence of two or more psychi-
atric disorders, is another aspect of analyzing sex differences
in psychiatric disorders, such as PTSD. The findings from a
study conducted in war veterans suggested that one can de-
velop anxiety and depression because of PTSD but not vice
versa®3, However, another study argues that there could be in-
stances where the disorders may just share common risk fac-
tors, causing their cooccurrence®®. The researchers found that
the main risk factors, regardless of gender, were childhood
sexual assault and physical abuse. It has been found though,
that women with childhood abuse, which could include sex-
ual abuse, are more likely to have increased depressive symp-
toms in adulthood®® (Table 3). Therefore, it is important to
acknowledge the common risk factors that may cause greater
comorbidity in women. Additionally, when multiple disor-
ders are involved, certain symptoms may not be as informa-
tive, which is why efforts are being made to identify if certain
features of PTSD, depression, and anxiety can be used to dif-
ferentiate from a symptom overlap®. Further research is still
needed though, to understand all of these aspects of comor-
bidity.

8 | NHSJS Reports
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The successful pharmacological treatment of PTSD is also
impacted by sex differences, with one reason being due to
disorder comorbidity. Some pharmacological treatments of
PTSD include the SSRIs, sertraline and paroxetine®®. In terms
of sex differences in pharmacological treatments of PTSD,
Bernardy et al. found that from 1999 to 2009, usage of SSRIs
and SNRIs (serotonin-norepinephrine reuptake inhibitors) for
treatment of veterans went from 56.4% to 65.7% in women,
and 49.2% to 58.3% in men>? (Table 4). Benzodiazepines
are commonly used for anxiety disorders, but are not recom-
mended for PTSD treatment due to conflicting effects with
non-pharmacological treatments. However, it was found that
from 1999 to 2009, prescriptions went from 36.7% to 29.8%
for men, and 33.4% to 38.3% for women®>>.

These sex differences may be due to comorbidity with anxi-
ety and depression, since SSRIs, SNRIs, and benzodiazepines
can be used to treat those disorders as well. There may be
other reasons for these differing prescription rates, such as
side effects of these medications that impact women and men
in different ways. Additionally, sex differences in prescription
rates could be due to increased exposure to off-label medica-
tions and television advertising, which are reflections of how
prescription standards have developed over time®”8. Further
research may be necessary to understand if this is the case,
or if differing symptoms in women and men may need to be
reevaluated before treatment.

Additionally, there are a variety of non-pharmacological
treatments of PTSD in which sex differences have been ob-
served. Some of these include trauma-focused therapies, such
as prolonged exposure, eye movement desensitization and re-
processing, or cognitive processing therapy, all which have
been shown to be especially beneficial, due to their individ-
uality and non-group nature®”. In terms of sex differences for
non-pharmacological treatment, Galovski et al. found similar
rates of it improving symptoms for women and men, and sim-
ilar rates of drop-out for women and men®. Additionally, the
same study found that several studies stated that women are
more likely to gain benefits from treatment, and men have a
higher risk of dropping out of treatment prematurely. By fur-
ther understanding these sex differences, the necessities for
better treatment can be tailored to women and men accord-

ingly.

Discussion

Through the introduction of the Sex as a Biological Variable
(SABV) policy in 2016, there has been an increase in the study
of sex differences in the past decade. A review found that there
has been a significant increase in studies that have included
both sexes, but most of these studies lacked data analysis by

ex?l. Additionally, some researchers have found the inclu-
sion of both sexes more costly, but acknowledge that identify-

ing sex differences earlier on may save more time and money
for human trials®?. However, schools such as UCLA have par-
ticipated in the NIH Office of Research on Women’s Health
SCORE (Specialized Centers of Research Excellence) pro-
gram to educate researchers on the undergraduate, graduate,
postgraduate, and faculty levels about SABV with a Career
Enhancement Core®?. This research may add to the study of
sex differences in psychiatric disorders, and shows how policy
is impacting findings in neuroscience and other disciplines.

The sex differences that exist in depression, anxiety, and
PTSD have been observed in animal and human models. Some
models were inconclusive due to a lack of sex differences ob-
served or not enough evidence to distinguish a sex difference.
However, others have determined sex differences in research,
and this disparity further encourages the need for future re-
search, to add support or refutation to previous findings. An-
imal models may need to be created with different methods
for simulating depression, anxiety, or PTSD. The study of hu-
man models may also need to be modified to better understand
sex differences in symptoms and the effects of medication.
Also, further research that identifies environmental, genetic,
and other factors that can contribute to the development of
psychiatric disorders may be helpful to reference for diagnosis
and treatment. The research on these sex differences is critical
to improving the lives of those with psychiatric disorders.

Additional Sex Differences in Psychiatric Re-
search and Future Directions

Attention-deficit hyperactivity disorder (ADHD) is a psychi-
atric disorder that was not discussed in this review, but it con-
tains prevalent sex differences. The core symptoms of ADHD
include inattention and hyperactivity-impulsivity=>. The ma-
jority of diagnoses occur in childhood, and the ratio of diag-
noses is 3:1 for boys to girls®*. However, research has de-
termined that a significant number of girls go undiagnosed
and untreated for ADHD, due to a presentation of more inter-
nalizing symptoms than externalizing symptoms®>. Some of
these internalizing symptoms include social difficulties, anxi-
ety, and depression“®.

Since presentations of symptoms of the disorder are typi-
cally reported by parents, teachers, and other persons close
to the young boys and girls potentially with ADHD, a lack
of detection of internalized symptoms has likely occurred, be-
cause they are harder to detect than externalizing symptoms®”.
An eight-year longitudinal study found that hormonal fluctua-
tions and developmental changes during puberty may be one
reason as to why girls may tend to present more internalizing
symptoms %, However, another study found an equal need to
monitor boys and girls for both externalizing and internaliz-
ing symptoms, claiming that both can be under-recognized®?.
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This review previously mentioned how comorbidity is diffi-
cult to determine with depression, anxiety, and PTSD, and
similarly, it can be difficult to distinguish for depression, anxi-
ety, and ADHD. This may be an instance where symptoms are
overlapping, but generally there is obscurity in pinpointing the
origin of symptoms, and as a result, diagnosing comorbidity
or ADHD. While certainly more research is needed, awareness
of this potential comorbidity should also be spread, to further
prevent diagnoses and treatment from not happening.

ADHD is also studied in a preclinical setting; however, re-
searchers find difficulty replicating some features of ADHD
in rodents. ADHD is the product of genetic, epigenetic, and
environmental factors; however, rodent researchers are limited
to studying a few key behavioral traits, such as inattentiveness
and hyperactivity!?. In terms of treatment of ADHD, a re-
view found that stimulants, such as methylphenidate, may re-
quire further research to investigate their effect on symptoms
in girls, while non-stimulants, such as atomoxetine, have been
found to treat symptoms between sexes effectively!’!. Fur-
ther research of sex differences in diagnosis and treatments
of ADHD allows for the understanding of the disorder to in-
crease, so those who have gone undiagnosed and untreated,
specifically girls, may be positively impacted.

Substance use disorders (SUDs) are another type of psy-
chiatric disorder that was not discussed in this review but has
also been observed to have sex differences. A substance use
disorder is described as a condition where a substance that of-
ten has harmful consequences is abused and limits one’s abil-
ity to perform daily functions'%2, Additionally, SUDs are of-
ten commonly diagnosed in people with psychiatric disorders
such as depression, anxiety, ADHD, and PTSD, which may
influence the treatment of these disorders >4 This review
will only highlight sex differences in alcohol misuse, but there
are various other SUDs involving substances such as cannabis,
opioids, and nicotine 105

There are a few biological sex differences that may impact
the prevalence of an alcohol use disorder (AUD) in men versus
women. Women have been observed to exhibit lower levels
of activity for the enzyme that metabolizes ethanol, alcohol
dehydrogenase, and lower total body water'’. This causes
women to have a higher blood alcohol concentration, even if
they consume the same amount of alcohol as men'YZ, which
may create a need for distinct diagnostic criteria for women
and men. A study found that significant alcohol usage may
have a greater effect on women in the regulation of negative
emotions in the brain'®, While more research is needed to
confirm this, it is worth noting the intersection of alcohol mis-
use and mood, as it was previously mentioned that alcohol
misuse is often diagnosed with other psychiatric disorders.

Biological impacts are likely one of the contributors to the
varying patterns of alcohol usage in women and men. His-
torically, men have been found to consume more alcohol than

women and have been more likely to be diagnosed with an
AUD, but evidence suggests that this difference is becoming
smaller!®. However, a gender gap in the prevalence of SUDs
may also be dictated by access to substances and gender roles
that can vary from country to country 1Y, In terms of the treat-
ment of alcohol usage, Alvanzo et al. found that women are
less likely than men to receive treatment, but women tend to
have a shorter period between the onset of a dependency and
the usage of a treatment such as therapy . Sex differences in
substance use disorders require further research to understand
the several factors that can contribute to them.

Comorbidity is another topic that requires more research,
especially pertaining to the disorders that were discussed in
this review. Comorbidity for depression and anxiety with
PTSD or ADHD was discussed, but it can commonly develop
in a variety of other ways. For example, MDD and SAD are
highly comorbid with one another, with Kim & Duval find-
ing that the relationship between social interaction anxiety and
individual depression symptoms can vary by gender!2, Ad-
ditionally, the comorbidity of psychiatric disorders in women
can make it difficult to treat women who develop an SUD,
too 3. This may be an explanation for sex differences in
the lack of diagnosis and treatment of SUDs. Therefore, it
is important for further research to be conducted surrounding
comorbidity, to determine how disorders should be treated in
tandem, where an ideal mixture of the treatments from each
individual disorder is created, tailored to an individual’s spe-
cific symptoms. The sex differences that exist in these psychi-
atric disorders individually are significant enough to necessi-
tate their own research, but comorbidity is an important factor
to consider when studying these differences.

With the study of sex differences rapidly expanding, mea-
sures can be taken to publicize key findings. Currently, there
is an international standard called the Sex and Gender Equity
in Research (SAGER) guidelines, which promote systematic
reporting of sex and gender across biomedical research and
help authors and editors determine appropriate consideration
of these variables’!#. Many science and clinical journals have
adopted the SAGER guidelines and other policies, but are still
not consistently utilized' 1>, Therefore, it is important that the
publication of sex difference research in journals continues to
be encouraged. Additionally, journals could also dedicate spe-
cific issues to publishing sex difference research, allowing for
these findings to have their own spotlight. As more sex dif-
ference findings occur, it will be important to highlight them
and emphasize them, and that can start with greater journal
recognition.

In addition to the expansion of publicizing sex differences,
the study of sex differences in psychiatric disorders can also
be grown. In this review, studies regarding depression, anxi-
ety, PTSD, were discussed, conducted under various circum-
stances within the past 20 years. Findings from a review
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of multiple psychiatric disorders including anxiety, suggested
that female mice presented with lower levels of anxiety than
male mice=%, which is comparable to another study that found
that female mice displayed lower levels of anxiety than male
mice, particularly in the EPM and LOF tests*!. While these
studies share similar findings, this representation of anxiety in
mice is not comparable to anxiety in humans, which tends to
be greater in females than in males. Within this review, this
has been attributed to environmental circumstances for the an-
imals and comorbidity potentials for humans. However, this
still necessitates further research to be conducted surrounding
psychiatric disorders, in order to explain disparities and deter-
mine their impact on the study of sex differences.

Conclusion

Sex differences in psychiatric disorders are numerous and
have been researched in various contexts. The continuation of
this research ensures the improvement of diagnosis and treat-
ment standards that do not fully reflect sex differences. Ad-
ditionally, further research will ensure that a greater under-
standing of these disorders has been achieved. Even outside
of psychiatry and neuroscience, the study of sex differences
should continue to expand. It is important for this research to
advance current knowledge and further developments in the
treatment of disorders that afflict people all over the world.
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