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Abstract

Purpose of Review This review examines the recent literature
on biological factors that influence sex differences in posttrau-
matic stress disorder (PTSD) during childhood and adoles-
cence, focusing on neurobiological, hormonal, and genetic
factors that may increase risk in girls.

Recent Findings More than 60% of children and adolescents
are exposed to traumatic events, and many develop PTSD.
There is increasing recognition of gender differences in
PTSD, with women having double the rates of the disorder
compared to men. These gender differences in symptoms and
their underlying neurobiology appear to emerge during ado-
lescence, although it is still unclear which biological mecha-
nisms may play key roles in the development of sex
difference.

Summary The literature on gender effects in children and ad-
olescents is still in the early stages, and more prospective and
longitudinal work is needed; however, estrogen appears to
play a key role in increasing risk for PTSD in girls, which
emerges in adolescence.
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Introduction

Exposure to traumatic events that harm or threaten the life or
integrity of a person or someone close to the person can have
long-lasting adverse outcomes for mental health, including
posttraumatic stress disorder (PTSD). The impact of gender
on the risk for developing PTSD in the aftermath of trauma
has long been recognized, as women are twice as likely as men
to suffer from the disorder [1]. While in many cases, the types
of trauma may underlie this difference seen between the gen-
ders, in that women are more likely to be victims of sexual
trauma [2], this is not always the case. A recent study of US
Navy healthcare personnel found that women had double the
odds of having PTSD compared to men after controlling for
type of trauma, i.e., combat exposure [3]. In addition to higher
prevalence rates, women may present with a different symp-
tom profile or be susceptible to sociocultural biases that in-
crease risk; however, there is substantial evidence suggesting
that there may be biological underpinnings for the impact of
sex on PTSD. The current report will primarily focus on bio-
logical factors.

A potential biological variable to consider is hormonal sta-
tus, as phase of menstrual cycle is associated with exacerba-
tion of symptoms in women with PTSD [4]. Further, neural
circuitry involved in fear expression and regulation as well as
physiological fear responses that have been associated with
PTSD [5, 6] are influenced by female sex [7] as well as men-
strual cycle [8, 9]. More importantly for informing prevention
and early intervention strategies, there may also be develop-
mental sex-dependent biological vulnerabilities that increase
risk for PTSD in females even at a young age. Studies of child
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development have the potential to reveal mechanisms that
produce the striking sex differences in trauma-related psycho-
pathology in adults.

Development of PTSD in Children and Adolescents

While the detrimental effects of adverse childhood experi-
ences on mental health in adulthood have been recognized
for a long time [10], pediatric PTSD has come to greater at-
tention in recent years in clinical settings [11, 12].
Epidemiological samples of children and adolescents show
upwards of 60% exposure to traumatic events and up to 9%
prevalence of PTSD diagnosis [13¢, 14]. The high prevalence
of trauma exposure and PTSD in children and adolescents is
alarming and underscores the need for trauma-informed health
services [11]. A recent study using machine learning, an inno-
vative approach to data analysis using repeated cross-
validation methods to extract key features from complex
datasets, to predict child PTSD symptoms found that genetic
and early environmental variables were causally associated
with high symptoms [12].

Pediatric PTSD has also been linked with changes in the
brain: a recent meta-analysis found that children and adoles-
cents with PTSD have smaller cerebral gray matter volume
and smaller cerebella [15]. Further, prefrontal cortex areas that
regulate emotion are smaller in adolescents with PTSD com-
pared to controls [16], while the amygdala, which is activated
by emotion, is larger [17°]. Prospective studies in adolescents
suggest that overactive fear networks, such as the amygdala,
may represent a vulnerability to develop PTSD after trauma
[18+]. Taking all these brain-related phenotypes together, it is
clear that the neurobiology of adult-like PTSD is already ev-
ident in children and adolescents with the disorder. Similarly,
deficits in learning to inhibit fear responses, such as during
fear extinction and safety learning procedures, have repeated-
ly been associated with PTSD in adults [19-21]; a recent
review of extinction learning in children and adolescents
found similar deficits in fear inhibition in pediatric PTSD
[22]. A limitation in the research to date is that there are very
few prospective studies that have examined these neural phe-
notypes prior to trauma exposure during development; there-
fore, it is still unclear whether these represent risk factors,
result from the disorder itself, or potentially a combination
of both. The above mentioned prospective study in adoles-
cents was fortuitous as the study was already ongoing prior
to the Boston marathon bombing and there were neuroimag-
ing data prior to and after the trauma; however, the sample was
relatively small [18¢]. Future prospective studies are needed to
better understand predisposing factors during development.
Importantly, gender differences are already present in adoles-
cence, with girls having more than three times the odds of
having the disorder compared to boys [14]. These gender
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differences may be related to differences in socialization or
trauma exposure; however, there may also be emerging bio-
logical sex differences that may especially impact neurobio-
logical biomarkers associated with PTSD.

Impact of Sex on Biomarkers of PTSD in Children
and Adolescents

Although there is substantial evidence that females are at
greater risk for PTSD than males, it is still unclear when dur-
ing development this discrepancy in PTSD prevalence be-
tween the sexes arises. One of the difficulties with studying
PTSD during childhood is that the diagnosis is dependent on a
traumatic event occurring to a child. Therefore, it may be
better to focus on risk factors and neurobiological biomarkers
of PTSD that are present in children, which may be influenced
by sex during development.

As mentioned above, brain regions associated with PTSD
include areas involved in regulation of emotional responses to
threat and fear, such as the amygdala, hippocampus, and
insula. Exaggerated reactivity of the amygdala [18<] and an
impairment in its connections with the prefrontal cortex [5]
appear to be key neurobiological phenotypes for trauma-
related psychopathology, and a meta-analysis of neuroimag-
ing literature indicates that women show greater amygdala
reactivity to negative emotional stimuli than men [23]. One
major predictor of development of PTSD is early life stress.
Herringa and colleagues [24] examined the effects of early
childhood maltreatment on late adolescence and found that
sex was a significant predictor of internalizing symptoms,
with females having higher internalizing symptoms compared
to males. This study examined the associations among resting
state functional connectivity (rs-FC) of the amygdala and hip-
pocampus, childhood maltreatment, and internalizing symp-
toms. The study showed that maltreatment predicted lower rs-
FC between the hippocampus and the subgenual anterior cin-
gulate cortex (sgACC). There were also sex differences, in
that maltreatment reduced functional connectivity between
the amygdala and sgACC only in females. Lower rs-FC pre-
dicted greater internalizing symptoms. In girls, the lower rs-
FC of the amygdala and sgACC mediated the association
between childhood trauma and symptoms, while in boys the
association was with hippocampal connectivity rather than the
amygdala [24]. Of note, this study used retrospective reporting
on childhood trauma from young adults, and therefore did not
capture sex-specific changes during development itself.
Additional studies examining a broader age range, such as
Hu and colleagues [25], found that sex differences in volume
of hippocampal complex structures emerged only after puber-
ty. Although not as prominent in the literature, insula activa-
tion has been associated with trauma-related symptoms, and
insula development has been suggested to be sexually
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dimorphic [26¢]. A study examining girls and boys with and
without PTSD found opposing effects with PTSD symptoms
and insula volume and surface area [26¢]. Boys with PTSD
showed larger volume and surface area of the insula’s anterior
circular sulcus than control boys, while girls with PTSD dem-
onstrated smaller volume and surface area than girls without
PTSD [26¢]. Although it is likely that most sexually dimorphic
brain changes occur with the increase in gonadal hormone
activity during puberty, it is possible that even before puberty,
organizational effects of hormones in utero, may differentially
impact girls and boys. For instance, some physiological mea-
sures of fear-related symptoms appear to be present in pre-
pubertal children [27¢].

One key symptom of PTSD is hyper-arousal, easily accessed
by measurement of an individual’s startle response. Specifically,
fear-potentiated startle is a peripheral index of fear
neurocircuitry, allowing researchers to noninvasively study psy-
chophysiology associated with PTSD symptomology [28]. A
recent study used fear-potentiated startle and skin conductance
response (SCR) measurements to study boys and girls, aged 8 to
13, from a highly traumatized population in a fear conditioning
paradigm [27¢]. In this paradigm, one stimulus was conditioned
as a danger cue through pairing with an aversive airblast, while a
second stimulus was conditioned to be a safety signal. The re-
sults showed that females were physiologically less able to dis-
criminate between danger and safety signals, shown through
both skin conductance and fear-potentiated startle measure-
ments. Unlike the association between fear responses and
hyper-arousal in adults, the fear responses of the children in this
study were associated with intrusive and avoidance symptoms,
specifically intrusive symptoms in boys and avoidance in girls
[27¢]. These sex-specific patterns in PTSD symptoms and phys-
iological fear phenotypes may be due to the differential traumatic
experiences between boys and girls, as Soylu and colleagues
reported among sexually abused children [29]. It should be noted
that the study by Gamwell and colleagues mainly examined pre-
pubertal children, and the differences between girls and boys
were observed even when post-pubertal children were excluded
from analyses [27°], suggesting that gender effects on PTSD
symptoms may emerge in childhood. Given that the pattern of
symptoms differed between genders, i.e., association between
physiology and avoidance in girls vs. intrusive symptoms in
boys, it is possible that these effects are rooted in sociocultural
rather than biological development. This may explain why the
gender differences were observed prior to puberty. On the other
hand, stress experienced early in life may lead to long-lasting
biological effects associated with development of PTSD. A re-
cent study using an animal model of fear conditioning found that
stress experienced prior to puberty led to sexually differentiated
behavioral responses associated with the hippocampus when
tested in adulthood [30]. This finding suggests sexually differ-
entiated PTSD symptomology seen in adulthood may be rooted
in the long-lasting effects of early childhood stress experiences.

Notwithstanding the pre-pubertal differences noted above,
puberty may be an especially sensitive time for developmental
change in fear neural circuitry [25]. Because puberty is a time
of activational effects of gonadal hormones, which have been
linked to increased female risk in adults, it could be a prime
developmental stage for the emergence of biologically based
sex differences in PTSD. The effects of puberty have been
observed in fear-potentiated startle paradigms, suggesting un-
dergoing puberty may alter mechanisms of the fear circuit
associated with fear-potentiated startle [31¢]. Specifically, ad-
vancement through pubertal stages is associated with in-
creases in fear-potentiated startle, whereas baseline startle re-
sponse actually decreases with pubertal stage [31¢]. Further,
girls have higher fear-potentiated startle in late stages of pu-
berty compared to boys [31¢]. The authors suggest this in-
crease may be due to an increase in anxiety reactivity also
seen in girls of this study [31¢]. However, it is difficult to
ascertain the effect of puberty on development of PTSD symp-
toms, as many studies of children and adolescence fail to
include assessments that measure pubertal development and
even fewer include measurements of hormonal status associ-
ated with pubertal development.

Neurobiological Basis of Sex Differences
Hormones

While sex differences in PTSD-related biomarkers are ob-
served in childhood, there appears to be a shift in their preva-
lence between the sexes around puberty. Researchers examin-
ing age of puberty onset in a sample of American children
found average age of puberty onset in females is around
10 years of age and around 11 years of age in males [32].
This corresponds with studies that show an increase in
PTSD-related phenotypes around these ages. For example, in
children with previous trauma exposure, trauma severity recall
is greatest from age 10 to 11; this age has also been identified as
a sensitive period for amygdala development [33]. Trauma ex-
posure during this time has the greatest impact on amygdala
function [33]. Further, while the amygdala and hippocampus
are increasing in volume during puberty in both sexes, growth
trajectories in some of these areas differ between males and
females during this phase [34]. One study found that testoster-
one and estrogen predicted right amygdala growth during ado-
lescence in both sexes, while hippocampal growth was not
related to pubertal measures [35¢]. The results also pointed to
an interaction of estradiol levels and sex, as females with lower
estradiol levels showed decreases in amygdala volumes, and
females with high estradiol levels showed increases in right
amygdala volumes across adolescence.

The above studies suggest that increases in estrogen during
puberty could influence PTSD phenotypes. Due to the greater
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prevalence of PTSD in females relative to males, the most
recent literature has focused on the effects of estradiol levels
in adults. One recent study found that women in the high
estrogen phase of the menstrual cycle had greater activation
of fear-processing brain areas than both women in a low es-
trogen phase of the cycle and men [36]. There are also studies
showing that women with low estrogen levels have greater
connectivity between the amygdala and dorsal ACC, two re-
gions involved in emotion and fear expression [37].

Studies have also explored the role of estrogen on fear psy-
chophysiology, specifically with intermediate phenotypes of
PTSD, such as fear inhibition and fear extinction [1]. Fear inhi-
bition refers to the ability to suppress a previously acquired fear
response in the presence of a safety signal. One study found that,
in naturally cycling adult women, lower levels of estrogen were
associated with impaired fear inhibition [38]. Similar effects
were seen when examining fear extinction, which describes the
ability to learn that a previously conditioned danger signal is no
longer predictive of aversive outcomes after the signal is repeat-
edly presented in the absence of an aversive unconditioned stim-
ulus [39]. In that study, low estrogen levels were associated with
high fear-potentiated startle during fear extinction in women
with PTSD—these extinction deficits in women with PTSD
were attenuated with high estrogen [39]. Similar findings have
been shown when examining SCR, as women with low estrogen
levels show increased SCR during fear extinction [9].
Additionally, low levels of estrogen predict impairments in ex-
tinction recall, also measured through SCR [40]. The effect
seems to translate when examining the interaction between stress
and estrogen, as women that are stressed during the low estrogen
phase show impaired extinction memory [41].

Based on the studies presented, there appears to be a dis-
crepancy between the protective effects of high vs. low estro-
gen, as both high and low levels of estrogen have been asso-
ciated with PTSD phenotypes. One possible explanation for
this discrepancy is that women are most vulnerable to develop
PTSD symptoms during periods of hormonal change, poten-
tially explaining why puberty shows an increase sex differ-
ence in PTSD phenotypes. While estrogen appears to be
playing an important role in adult women, to date, no studies
have examined the effects of gonadal hormones on PTSD
symptoms during development—this type of research is need-
ed in order to understand the interplay of trauma, hormones,
and development on PTSD.

Genotype

Estrogen may be acting to influence PTSD phenotypes
through genetic mechanisms. For example, the gene coding
for the pituitary adenylate cyclase-activating polypeptide
(PACAP) receptor interacts with estrogen levels [42]. A
single-nucleotide polymorphism (SNP) of the PACAP recep-
tor 1 (ADCYAPIR]I) is a risk genotype associated with an
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individual’s response to trauma. Importantly, this SNP is lo-
cated in an estrogen response element, suggesting a mecha-
nistic pathway for the influence of estrogen on PTSD symp-
toms. When estrogen levels are low, the risk allele is associ-
ated with a decrease in ADCAPIRI mRNA expression, lead-
ing to higher PTSD symptoms [42]. One study found that this
SNP risk genotype associates with increased amygdala and
hippocampus reactivity to threat stimuli and decreased func-
tional connectivity between the amygdala and hippocampus
[43]. This risk SNP also interacts with childhood maltreatment
to increase risk for PTSD development in adult females [44].
In addition, association between this genotype and PTSD phe-
notypes translates to psychophysiological measures, as the
ADCAPIRI SNP is associated with increased dark-enhanced
startle in adult females [45]. Dark-enhanced startle is a puta-
tive sex-specific biomarker for anxiety response. These genet-
ic effects seem to also be seen in children, as the ADCYAPIRI
risk allele is associated with dark-enhanced startle response in
boys and girls; however, no sex difference is seen at this stage
[46]. Therefore, some PTSD-related phenotypes show gene
by sex by development interactions, further suggesting a
change occurring during development to shift the sex differ-
ence in PTSD prevalence.

Conclusion

PTSD is more prevalent in women than men, and this gender
difference seems to be observed as early as adolescence. While
there are likely sociocultural factors related to this increased
risk in female sex, there are also biological factors that may
be driving the sex difference. The neurobiological biomarkers
that have been linked to PTSD are sensitive to female gonadal
hormones and menstrual cycle, suggesting that puberty may be
the developmental time point when sex differences begin to
emerge under the influence of gonadal steroids such as estro-
gen. Further, genetic studies point to estrogen pathways as part
of the risk for PTSD. Both brain development and fear physi-
ology show developmental sex differences; however, it is still
unclear whether these are related to puberty. In fact, some
physiological differences appear to emerge prior to puberty
indicating that there may be multiple mechanisms by which
gender may impact PTSD in children and adolescents. Given
the high rates of trauma exposure in pediatric populations and
the need for better early interventions, future studies should
focus on biological underpinnings of these sex effects in order
to improve outcomes in vulnerable children.
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