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The prefrontal cortex (PFC), hippocampus, and amygdala play an important role in emotional health. However, adverse life events
(e.g., violence exposure) affect the function of these brain regions, which may lead to disorders such as depression and anxiety.
Depression and anxiety disproportionately affect women compared to men, and this disparity may reflect sex differences in the
neural processes that underlie emotion expression and regulation. The present study investigated sex differences in the
relationship between violence exposure and the neural processes that underlie emotion regulation. In the present study, 200
participants completed a Pavlovian fear conditioning procedure in which cued and non-cued threats (i.e., unconditioned stimuli)
were presented during functional magnetic resonance imaging. Violence exposure was previously assessed at four separate time
points when participants were 11–19 years of age. Significant threat type (cued versus non-cued) × sex and sex × violence exposure
interactions were observed. Specifically, women and men differed in amygdala and parahippocampal gyrus reactivity to cued
versus non-cued threat. Further, dorsolateral PFC (dlPFC) and inferior parietal lobule (IPL) reactivity to threat varied positively with
violence exposure among women, but not men. Similarly, threat-elicited skin conductance responses varied positively with violence
exposure among women. Finally, women reported greater depression and anxiety symptoms than men. These findings suggest
that sex differences in threat-related brain and psychophysiological activity may have implications for mental health.
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INTRODUCTION
Healthy emotional function depends upon emotion expression
and regulation processes mediated by the prefrontal cortex (PFC),
hippocampus, and amygdala. Disruption of these emotion
processes leads to the development of emotion-related disorders
(e.g., anxiety, depression) [1–3]. Women have higher prevalence of
emotion-related disorders [4] and differ from men in emotional
processes that are supported by the PFC, hippocampus, and
amygdala [5]. The PFC, hippocampus, and amygdala support
emotion learning, expression, and regulation processes that are
important for healthy emotional function [6–8]. However, negative
life events (e.g., violence exposure) may lead to changes among
these brain regions resulting in emotional dysfunction [9, 10].
Therefore, determining how neural function varies with negative
life events is important for understanding the relationship
between these events and emotional function.
Women in the United States are almost twice as likely as men to

meet diagnostic criteria for a mood or anxiety disorder during
their lifetime [11, 12]. Sex-related differences in emotion-function
may underlie this disparity in the rates of mood and anxiety
disorders [11–16]. Further, prior work has demonstrated that there

are sex-related differences in the brain function that underlies
emotional expression and regulation [14, 17–19]. Taken together,
this prior work suggests that differences in brain function may
underlie sex differences in emotion regulation and the subsequent
development of depression and anxiety. Therefore, understanding
the mechanisms that underlie sex differences in emotional
function may offer novel insight into sex disparities among these
disorders.
Sex differences in emotional function may be mediated by sex

differences in brain function [20]. For example, prior work has
found greater PFC and amygdala activity in women than men
during negatively-valenced emotion tasks, including the evalua-
tion of threats [19, 21, 22]. Additionally, neural activation elicited
by sad facial expressions was lateralized to the left hemisphere in
men, but right hemisphere in women, suggesting laterality
differences between women and men [23]. Further, women show
greater PFC activation and less amygdala deactivation than men
during the cognitive reappraisal of emotion [18]. Additionally,
prior work has demonstrated greater amygdala and orbitofrontal
activity in women, and greater PFC and superior parietal cortex
activity in men during the cognitive control of emotion [24].
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Although sex differences in neural activity vary across studies,
women and men often show differences in the brain regions
recruited during emotion-related tasks [25–27]. Thus, sex-related
differences in mood and anxiety symptoms may reflect sex
differences in emotion regulation and expression [18, 19]. Finally,
these differences may underlie the higher rates of anxiety and
depression observed among women in prior studies [11, 28, 29].
Violence exposure can affect emotional function [30, 31].

Moreover, several studies have demonstrated that neural activity
during emotion-related tasks varies with violence exposure
[32–35]. Specifically, violence exposure during childhood and
adolescence is associated with alterations in the PFC, hippocam-
pus, and amygdala response to emotion-related stimuli during
childhood and adolescence [33–35]. Given that healthy emotional
function relies upon the PFC, hippocampus, and amygdala,
violence exposure may disrupt the function of these brain regions
[9]. For example, those that experience violence are more likely to
develop depression and anxiety than those who have not been
exposed to violence [36]. The effects of violence exposure may be
especially prominent during adolescence as the brain regions
underlying emotion regulation continue to develop [37]. Further,
sex differences in emotional processes may contribute to
differences in the way men and women respond to violence.
For example, women who have experienced an assault are twice
as likely to develop depression, anxiety, and posttraumatic stress
disorder than men [38, 39], and experience more severe post-
assault symptoms [40]. Taken together, these prior findings
suggest there are sex differences in the effects of violence on
emotion regulation processes.
Pavlovian fear conditioning is commonly used to investigate the

expression and regulation of emotion. Pavlovian fear conditioning
is a procedure in which a neutral stimulus is repeatedly paired
with an aversive threat (unconditioned stimulus (UCS)). As the
relationship between the neutral stimulus and the threat is
learned, the neutral stimulus becomes a warning signal (condi-
tioned stimulus (CS)) and anticipatory responses (conditioned
responses (CR)) elicited by the warning signal are expressed.
Typically, the expression of an anticipatory CR to the warning
signal is taken as evidence that learning has occurred. In contrast,
the emotional response to the threat (UCS) is typically considered
an automatic, reflexive response that does not require learning.
However, learning can also be measured by changes in the threat-
elicited response (unconditioned response (UCR)). Specifically,
behavioral and neural responses to predictable threats are
typically smaller than responses to unpredictable threats
[32, 41–46]. The reduced response amplitude to predictable
compared to unpredictable threat is called conditioned UCR
diminution, which is mediated by a PFC-hippocampus-amygdala
neural circuit [41–45, 47]. Investigating the relationship between
conditioned UCR diminution and violence exposure may further
elucidate the relationship between violence and changes in brain
regions that support threat-related emotional processes.
The present study investigated sex differences in the relation-

ship between violence exposure and threat-related neural activity.
Functional magnetic resonance imaging (fMRI) was used to study
brain activity to cued versus non-cued threat in participants
whose violence exposure was previously assessed. We hypothe-
sized that (1) non-cued threats would elicit greater skin
conductance responses (SCR) and fMRI signal reactivity within
the amygdala, hippocampus, PFC, insula, and inferior parietal
lobule (IPL) in accordance with prior work [41–45], and that (2)
greater violence exposure would be associated with greater
differential (i.e., cued versus non-cued threat) activity within these
brain regions, and that these effects would be more pronounced
in women than men. The present study extends our under-
standing of the role of sex differences and violence exposure in
threat-related emotional function.

MATERIALS AND METHODS
Participants
Two hundred twenty three right-handed volunteers were recruited from
the Birmingham, Alabama cohort of the Healthy Passages Study (details on
this cohort are provided in the Supplement and Supplementary Tables 1
and 3). Twenty three participants were excluded from the current analyses
due to excessive motion or missing data. Therefore, 200 adults (Mean
age ± SD= 20.78 ± 1.37, range= 18–23 years, 102 women, 98 men) were
included in the present study. Exclusion criteria for this study included
standard magnetic resonance imaging (MRI) contraindications (e.g.,
metallic devices, metallic foreign body, pacemaker), prior head injury,
blood/circulation disorders, pregnancy, spinal cord abnormalities, history
of seizures, history of psychotic symptoms, and left-handedness. Partici-
pants were not excluded for use of prescription medication. All participants
provided written informed consent as approved by the University of
Alabama at Birmingham Institutional Review Board.

Stimuli
Participants completed a Pavlovian fear conditioning task in which two
pure tones (700 and 1300 Hz; 10 s duration) served as warning (CS+) and
safety (CS−) signals. The warning signal (CS+) coterminated with a loud
(100-dB) white noise (0.5 s duration, 100% pairing rate) that served as the
threat (i.e., UCS), while the safety signal (CS−) was presented alone. The
threat (UCS) was also presented alone (UCS alone) on some trials. Each
stimulus was presented 12 times (18 s inter-trial interval) during each of
two fMRI scans (total of 24 CS+, 24 CS−, 24 UCS alone). The tones that
served as warning and safety signals were counterbalanced across
participants and all stimuli were presented in a pseudo-random order
such that no stimulus was presented more than twice consecutively.
Analyses assessed differential threat-elicited responses (i.e., UCRs) to the
cued threat (i.e., UCS) that coterminated with the CS+ (i.e., CS+UCS)
versus the non-cued threat (i.e., UCS alone). The present study focused on
differences in the response to cued (CS+ UCS) versus non-cued (UCS
alone) threat.

SCR
SCR data were sampled (10 kHz) with two radio-translucent electrodes
attached to the thenar and hypothenar eminences of the non-dominant
hand using a Biopac MP150 MRI compatible physiological monitoring
system (Biopac Systems; Goleta, CA) using methods described in prior work
[48]. Additional details of SCR analyses are described in the Supplement.

Threat expectancy
Threat expectancy was measured continuously (40 Hz sampling rate)
throughout the conditioning procedure using methods described pre-
viously [48]. Participants rated their expectancy of threat on a 0 to
100 scale (0= certain the threat would not be presented; 50= uncertain
the threat would be presented; 100= certain the threat would be
presented). Additional details of the threat expectancy measure are
provided in the Supplement.

Violence exposure
Violence exposure was assessed for each participant at four time points,
ages 11, 13, 16, and 19 (see Supplement for further information) using
the Healthy Passages violence exposure measure [49–51]. At each time
point, participants reported their exposure to violent incidents in the
previous 12 months. Each participant reported how frequently they
had been a victim of a threat of violence, physical violence, violence with
injury requiring medical treatment, or violence involving a gun or knife. A
four-point frequency scale ranging from 0 (Never) to 3 (Many times)
was used to score responses. Ratings were averaged within each time
point, and then times 1–4 were averaged to reflect cumulative violence
exposure.

Depression symptoms
Depression symptoms were assessed at Time 4 using the Diagnostic
Interview Schedule for Children Predictive Scales (Major Depression
Subscale) [52]. Participants answered 6 dichotomous questions regarding
depression symptoms experienced in the past 12 months. Responses were
coded 0 (No) or 1 (Yes) and summed to create an index of depression
symptoms. The scale had good internal consistency (Cronbach’s α= 0.72).
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Anxiety symptoms
Anxiety symptoms were assessed at Time 4 using the Revised Children’s
Manifest Anxiety Scale (Physiological Anxiety subscale) [53]. Participants
answered 10 dichotomous questions regarding anxiety symptoms
experienced in the past 12 months. Responses were coded 0 (No) or 1
(Yes) and summed to create an index of anxiety symptoms. The scale had
good internal consistency (Cronbach’s α= 0.65).

Posttraumatic stress disorder (PTSD) symptoms
PTSD symptoms were assessed at Time 4 using the Child PTSD Symptom
Scale [54]. Participants answered 17 questions regarding PTSD symptoms
experienced within the past 2 weeks. Responses ranged from 0 (not at all
or only 1 time) to 3 (five or more times per week/almost always). The scale
had good internal consistency (Cronbach’s α= 0.94). Five participants did
not complete the questionnaire; therefore, all PTSD analyses include 195
participants.

Functional imaging
FMRI was completed using 3T Siemens Allegra and Prisma scanners.
Acquisition parameters and preprocessing methods are described in the
Supplement. All analyses were performed using the Analysis of Functional
NeuroImages (AFNI) [version: AFNI_18.2.05] software package [55]. A
multiple regression analysis was completed to create functional activation
maps for each participant using a gamma-variate hemodynamic response
function with reference waveforms to model each stimulus (i.e., warning
cue, CS+; safety cue, CS−; cued threat, CS+UCS; non-cued threat, UCS
alone). Separate regressors were used to account for head motion in six
directions and motor activity associated with movement of the joystick.
Volumes with excessively high motion (≥3% of voxels greater than five
times the median absolute deviation of the timeseries) were censored from
the first-level analysis. Percent signal change was used as a measure of the
BOLD response amplitude to each stimulus type. The data were then
converted to the Talairach and Tournoux stereotaxic coordinate system
[56] and resampled to a 1 mm3 resolution.

Statistical analyses
Statistical analyses were completed using IBM SPSS Statistics Version 25
and AFNI [55]. Independent samples t-tests assessed sex differences in
violence exposure. Linear mixed effects (LME) models were completed to
test the effects of cued versus non-cued threat, sex, violence exposure, and
interactions between these terms on SCR, threat expectancy, and fMRI
signal responses. A nominal significance threshold was set at p < 0.05 for
SCR and threat expectancy analyses. Analyses of covariance were used to
determine differences in depression and anxiety between women and
men (covariates: family income, neighborhood disadvantage, race
(described in the Supplement)). Voxelwise analyses of fMRI data (AFNI’s
3dLME [57]) were completed to assess main effects of sex, violence
exposure, and threat type (cued versus non-cued), as well as interaction
effects between sex, violence exposure, and threat type. To reduce the
number of voxelwise comparisons, group level analyses were performed
using a mask to restrict analyses to anatomical regions of interest (PFC,
cingulate gyrus, insula, IPL, parahippocampal gyrus (PHG), hippocampus,
amygdala) based on prior work [41, 44, 45, 47]. Monte Carlo simulations
(AFNI’s 3dClustSim) were performed with the autocorrelation function
option to correct for multiple comparisons. A voxelwise threshold of
p < 0.005 and a cluster volume threshold of 540mm3 were used to achieve
a corrected significance threshold of p < 0.05. Additional simulations were
performed for small volume correction using masks of the parahippocma-
pal gyrus, hippocampus, and amygdala. Simulations used a voxelwise
threshold of p < 0.005 and a cluster threshold of 169mm3 to achieve a
corrected significance threshold of p < 0.05. Scanner, race, family income,
and neighborhood disadvantage were used as covariates in all analyses, as
these covariates have been found to vary with brain function and violence
exposure [32]. Although the abovementioned regions of interest were the
focus of the present study, a voxelwise whole brain analysis was also
completed (see Supplementary Table 2). AFNI’s 3dClustSim was used as
described above to determine the cluster volume threshold (i.e., 608mm3

with p < 0.005uncorrected) for a corrected significance threshold of p < 0.05.

Secondary analyses
Functional MRI, anxiety, depression, and PTSD. Moderation analyses:
secondary analyses were completed to determine whether sex moderated

the association between the fMRI signal response to threat type and
anxiety, depression, and PTSD symptoms. Data from the main effect of
threat type contrast (Table 1) were used as predictor variables. Using
PROCESS [58, 59], multiple regression analyses were completed to assess
whether sex moderated the association between the neural response to
threat and anxiety, depression, and PTSD symptoms. Conditional effects of
the neural response to threat and sex on anxiety, depression, and PTSD
symptoms were assessed. Race, family income, neighborhood disadvan-
tage, and scanner were included as covariates.

RESULTS
Violence exposure
No differences were observed in the amount of violence exposure
between women and men (women: M= 0.13 ± 0.02, range=
0.00–3.00; men: M= 0.14 ± 0.02, range= 0.00–3.00, t[198]=−0.64,
p= 0.52; two-tailed; 95% CI: −0.06–0.03). No sex differences were
observed for violence exposure at any time point (Supplementary
Table 3).

Depression symptoms
Women (M= 2.38, SEM= 0.16, range= 0.00–6.00) reported more
depression symptoms than men (M= 1.73, SEM= 0.16, range=
0.00–5.00), F[1,195]= 9.62, p= 0.002. Among women, violence
exposure varied positively with depression symptoms (r= 0.26, p=
0.01), while there was no relationship for men (r= 0.15, p= 0.16);
however, these correlations were not different (z= 0.84, p= 0.40).
Full results are presented in the Supplement (Supplementary
Table 4).

Anxiety symptoms
Women (M= 3.12, SEM= 0.21, range= 0.00–9.00) reported more
anxiety symptoms than men (M= 2.51, SEM= 0.21, range=
0.00–9.00), F[1,195]= 4.91, p= 0.03. Among women and men,
violence exposure varied positively with anxiety symptoms (women:
r= 0.24; p= 0.02, men: r= 0.23, p= 0.02). Full results are presented
in the Supplement (Supplementary Table 5).

Posttraumatic stress disorder (PTSD) symptoms
There were no differences in PTSD symptoms between women
(M= 9.69, SEM= 1.15, range= 0.00–51.00) and men (M= 7.72,
SEM= 0.90, range= 0.00–37.00), F[1,190]= 1.10, p= 0.30. Among
men, violence exposure varied positively with PTSD symptoms
(r= 0.27, p= 0.01), while there was no relationship for women
(r= 0.11, p= 0.30); however, these correlations were not sig-
nificantly different (z= 1.14, p= 0.25). Full results are presented in
the Supplement (Supplementary Table 6).

SCR
SCR data from 85 participants were excluded from analyses due
to poor signal quality/equipment malfunction (n= 13) or non-
responsiveness (n= 72). Poor signal quality was defined as
excessive noise in the signal that prevented identification of
stimulus-evoked SCRs. Equipment malfunction was defined as
no signal observed during scanning due to a problem with
equipment set up or function. Participants exhibiting no
responses greater than 0.05 µS were considered non-
responders. The LME analysis revealed a significant main effect
of violence exposure (F[1,109]= 11.37, p < 0.001). Specifically,
SCR varied positively with violence exposure (r= 0.19, p= 0.04).
There was also a significant sex × violence exposure interaction
(F[1,109]= 18.95, p < 0.001). Specifically, SCR to threat varied
positively with violence exposure among women (r= 0.52,
p < 0.001) but not for men (r=−0.07, p= 0.60). Since the LME
analysis did not reveal a significant difference in threat type, a
follow-up paired samples t-test was conducted to determine
whether there were differences in SCR by threat type. SCR to
non-cued threat (M= 0.43, SEM= 0.03) was larger than to cued
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threat (M= 0.39, SEM= 0.03; Mean difference: 0.03,
t[1,114]=−2.56, p= 0.01; two-tailed; 95% CI: 0.01–0.06), con-
sistent with prior work [43, 44, 46, 47].

Threat expectancy
The LME revealed a significant main effect for threat type
(F[1,193]= 90.57, p < 0.001) such that expectancy was greater for
cued (M= 70.46, SEM= 1.26) than non-cued (M= 55.27, SEM= 0.98)
threat. No other significant effects were observed.

Functional MRI
The LME analysis of fMRI data revealed main effects of threat type
and sex, as well as threat type × sex and violence exposure × sex
interactions. The fMRI results showed a main effect of threat type,
such that the fMRI response was greater to non-cued than to cued
threat within the dorsolateral PFC (dlPFC), dorsomedial PFC
(dmPFC), posterior cingulate cortex (PCC), insula, and IPL
consistent with prior research (Table 1) [41, 43–45, 60]. We also
observed a main effect of sex within the dlPFC, dmPFC, IPL, and
PCC (Table 1). Specifically, threat-elicited activity within these
regions was greater in women than men.

There was a significant threat type × sex interaction within the
right amygdala (Supplementary Table 7 and Fig. 1a). Specifically, a
greater fMRI signal response was observed within the amygdala to
non-cued threat in women (M= 0.08, SEM= 0.02) than men
(M= 0.03, SEM= 0.02; t[1,193]= 2.19, p= 0.03). Further, the
response to cued threat was smaller for women (M= 0.02,
SEM= 0.02) than men (M= 0.09, SEM= 0.02) within the amygdala
(t[1,193]=−3.03, p= 0.003; Fig. 1a). There was also a significant
threat type × sex interaction within the right PHG (Supplementary
Table 7 and Fig. 1b). PHG activity to non-cued threat was larger in
women (M= 0.11, SEM= 0.02) than men (M= 0.05, SEM= 0.02;
t[1,193]= 2.42, p= 0.02). Further, PHG activity to cued threat was
smaller in women (M= 0.07, SEM= 0.02) than men (M= 0.14,
SEM= 0.02; t[1,193]=−2.13, p= 0.04, Fig. 1b). Finally, there was a
significant threat type × sex interaction within the left dlPFC, left
IPL, left precentral gyrus, bilateral insula, right mid cingulate gyrus,
and right PCC (Supplementary Table 7).
A significant sex × violence exposure interaction was observed

within the right dlPFC and left IPL (Table 1). Among women,
violence exposure varied positively with the fMRI response within
the dlPFC and IPL. In men, violence exposure varied negatively

Table 1. Brain regions that show threat-elicited activity.

Main effect of threat type Hemisphere F-statistic Talairach coordinates (x,y,z) Cluster size (mm3)

dmPFC Right 33.16 7, 31, 36 40,575

dlPFC Left 14.97 −29, 4, 56 1789

Left(2) 18.63 −45, 18, 42 1316

Right 14.26 35, 3, 38 1361

Insula Right 36.20 31, 20, −5 4582

Right(2) 26.08 46, −16, 7 783

Left 42.22 −26, 20, −4 5584

PCC Right 16.82 7, −29, 24 3064

IPL Right 27.03 53, −46, 25 881

Left 24.01 −56, −55, 38 686

Main effect of sex

dmPFC Right 22.59 2, 18, 53 4075

dlPFC Right 14.87 22, 47, 28 869

PCC Right 15.83 5, −41, 25 1438

IPL Left 13.32 −40, −50, 49 688

Sex × Threat type

dlPFC Left 14.18 −20, 41, 36 1017

Precentral gyrus Left 17.08 −45, 12, 7 2464

Insula Left 17.32 −37, −11, 0 1172

Left(2) 21.96 −45, 14, 15 610

Right 18.90 42, −8, 0 5911

Mid Cingulate Right 19.28 14, −16, 42 1489

PCC Right 16.76 8, −42, 9 2466

IPL Left 14.76 −48, −34, 26 1505

Amygdala Right 22.16 21, −6, −22 374

Parahippocampal gyrus Right 16.71 23, −23, −25 301

Sex × Violence exposure

dlPFC Right 16.75 31, 23, 28 1073

IPL Left 15.99 −42, −48, 47 688

Coordinates refer to the location of the peak voxel within each volume of activation. F-statistic values refer to the F value at the peak voxel within each volume
of activation. Significance threshold pcorrected < 0.05. Numbers within parentheses in the Hemisphere column reflect a distinct ROI within a particular brain
region [e.g., dlPFC Left(2) is the 2nd of two ROIs within the left dlPFC].
dlPFC dorsolateral prefrontal cortex, dmPFC dorsomedial prefrontal cortex, PCC posterior cingulate cortex, IPL inferior parietal lobule.
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with the fMRI response within the dlPFC, while no relationship was
observed within the IPL (Fig. 2).

Functional MRI, anxiety, depression, and PTSD
Secondary analyses were completed to determine whether sex
moderated the association between the fMRI response to threat
type and anxiety, depression, and PTSD symptoms. Moderation
analyses were not corrected for multiple comparisons; therefore,
results should be interpreted with caution. Anxiety: sex did not
moderate the association between the neural response to threat
(cued or non-cued) and anxiety (Supplementary Table 8). Depres-
sion: sex moderated the association between the right insula
response to non-cued threat and depression. Specifically, there
was a positive association between the insula response and
depression symptoms in men, but not women (Supplementary
Table 9). Although the interaction between the left IPL response to
non-cued threat and depression symptoms was significant, the
slopes for men and women were not significant (Supplementary
Table 9). Sex did not moderate the association between cued
threat and depression (Supplementary Table 9). PTSD: sex
moderated the association between the right IPL response to
cued threat and PTSD symptoms. Specifically, the IPL response
varied positively with PTSD symptoms in women, but not men
(Supplementary Table 10). Sex also moderated the association
between left IPL response to cued threat and PTSD symptoms.
Specifically, the left IPL response varied positively with PTSD
symptoms in women, but not men (Supplementary Table 10). Sex
did not moderate the association between non-cued threat and
PTSD symptoms (Supplementary Table 10).

DISCUSSION
The present study investigated sex differences in the relationship
between violence exposure and the neural response to threat. We
found that women showed greater threat-elicited activity within
the dlPFC, dmPFC, IPL, and PCC than men. Further, we found that

women demonstrated greater amygdala and PHG responses to
non-cued threat than men, while the response to cued threat was
greater in men than women. We also found that dlPFC and IPL
activity varied positively with violence exposure in women. In
contrast, activity within these regions showed a negative (dlPFC)
or no (IPL) relationship with violence exposure in men. Further,
women reported greater depression and anxiety symptoms than
men, while no sex differences were observed in PTSD symptoms.
Additionally, anxiety symptoms varied positively with violence
exposure in women and men; however, depression symptoms and
violence exposure varied positively in women only. Lastly, PTSD
symptoms varied positively with violence exposure in men only.
These results suggest that adolescent violence exposure may
differentially impact the neural function that supports threat-
related emotion processes in women and men, and varies with
depression, anxiety, and PTSD symptoms in both women and
men. Findings from the present study provide novel insight into
the neural circuitry underlying sex differences in emotional
function.
The present study demonstrated sex differences in neural

reactivity to cued and non-cued threat. Specifically, we found
greater dlPFC, cingulate, IPL, and precentral gyrus responses to
non-cued threat in women than men, while no differences were
observed in responses to cued threat. Further, insula reactivity to
cued threat was greater in men than women, while no differences
were observed to non-cued threat. The dlPFC, cingulate, and IPL
are important for threat-related learning and the cognitive control
of emotion [41, 44, 61, 62]. Further, prior work has demonstrated
greater dlPFC and IPL activity under uncertain task conditions
[63–65] and linked activity within these brain regions to anxiety
[66, 67]. Additionally, amygdala and PHG activation to non-cued
threat was greater in women than men. In contrast, amygdala and
PHG activation to cued threat was greater in men than in women
(Fig. 1). Differences observed in these responses to threat may also
be linked to threat predictability. For example, prior work indicates
that unpredictable threats are perceived as more aversive than

Fig. 1 Amygdala and parahippocampal gyrus response to threat. a A threat type × sex interaction was observed within the right (a)
amygdala and (b) parahippocampal gyrus. Women (black bars) exhibited a smaller response to cued threat (CS+UCS) than men (gray bars). In
contrast, women exhibited a larger response to non-cued (UCS Alone) threat than men. *p < 0.05.
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predictable threats [68, 69], which is consistent with other
research that has demonstrated larger autonomic responses to
unpredictable than predictable threats [41–43, 45, 47, 70]. Similar
findings have been observed within neuroimaging data. Specifi-
cally, greater brain activity to unpredictable threats has been
linked to anxiety about the uncertainty of the threat [68]. In the
present study, women showed greater amygdala and PHG
activation to non-cued threat, which may reflect greater affective
responding when threats are uncertain. Prior work indicates that
affective responses to uncertainty are larger in those with anxiety
disorders [71], which occur more frequently in women [11]. In fact,
women in the present study reported greater anxiety symptoms
than men. Overall, the findings from the present study suggest
there is greater recruitment of brain regions important for both
cognitive control (e.g., dlPFC, IPL) and affective responding (e.g.,
amygdala and PHG) in women when threats are unpredictable.
Thus, the current findings suggest that the dlPFC, IPL, amygdala,
and PHG response to unpredictable threat is greater in women
which may be linked to symptoms of anxiety.
The present study also demonstrated sex differences in the

relationship between violence exposure and the neural response
to threat (Fig. 2). Specifically, women who experienced greater
violence exposure showed a greater response to threat within the
dlPFC and IPL. In contrast, men demonstrated a negative
relationship between violence exposure and dlPFC activity and
no relationship between violence exposure and IPL activity. The
dlPFC and IPL are important components of the fronto-parietal
network and modulate threat-elicited brain activity [42, 45, 72, 73].
Further, greater dlPFC and IPL activation is associated with
increased emotion regulation and cognitive control [62, 72, 74].
Thus, the present results suggest that women who have been
exposed to higher levels of violence exposure may recruit brain
regions that are important for the cognitive control of emotion
during threat compared to men who show the opposite pattern.

Furthermore, women demonstrated a positive relationship
between violence exposure and SCR to threat, while men
demonstrated no relationship. Taken together, these findings
suggest that the brain and psychophysiological response to threat
in women, but not in men, may be linked to their exposure to
violence.
Results from the present study demonstrate sex-related

differences in neural reactivity to threat. These findings suggest
that neural reactivity to threat varies with violence exposure. Prior
studies demonstrate that as the brain continues to develop during
adolescence (i.e., puberty), trauma (e.g., violence exposure) may
alter the neural response to threat due to increased sensitivity to
violence and other forms of trauma [75–79]. Consistent with the
suggestion that adolescents may show greater sensitivity to
adverse events, prior work demonstrates greater psychophysiolo-
gical reactivity to laboratory stressors as adolescents age and
reach pubertal maturation [80–82]. Thus, violence exposure during
this period of development may result in greater physiological
reactivity. Further, prior research has found a greater risk of
anxiety, depression, and PTSD throughout both adolescence and
adulthood in those exposed to greater prepubertal and pubertal
maltreatment and violence [83, 84]. Taken together, findings from
previous studies suggest that violence exposure during adoles-
cence may enhance the response to threat which may influence
future mental health symptoms.
Results from secondary analyses demonstrate that sex moder-

ated the association between the neural response to threat and
depression and PTSD symptoms. First, among men, the right
insula response to non-cued threat varied positively with
depression symptoms, while there was no association among
women, and no associations for cued threat. The insula is
important for integrating external stimuli with internal bodily
states, and supports the processing of emotion-related stimuli
[85–87]. Prior studies have shown a positive association between

Fig. 2 Left inferior parietal lobule (IPL) and right dorsolateral prefrontal cortex (dlPFC) response to threat. A sex × violence exposure
interaction was observed within the left IPL. a Women (black scatterplot) demonstrated a positive relationship (r= 0.37, p < 0.01) between
violence exposure and the IPL response to threat, while b men (gray scatterplot) demonstrated no relationship (r=−0.12, p= 0.24). A similar
sex × violence exposure interaction was also observed within the right dlPFC. c Women (black scatterplot) demonstrated a positive
relationship (r= 0.31, p < 0.01) between violence exposure and the dlPFC response to threat, while d men (gray scatterplot) demonstrated a
negative relationship (r=−0.22, p= 0.04).
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the insula response to negative stimuli and depression symptoms
[88]. Results from the present study suggest that greater
depression symptoms in men are associated with greater activity
in brain regions important for emotion processing when threat is
uncertain. Additionally, we found that among women, the
association between PTSD symptoms and bilateral IPL responses
to cued threat varied positively while there was no association for
men, and no associations for non-cued threat. Prior studies have
demonstrated a positive association between PTSD symptom
severity and IPL responses to emotional stimuli [89]. Given that the
IPL is important for cognitive control of emotion, women with
higher PTSD symptoms may recruit the IPL to a greater extent
than women with lower PTSD symptoms, to modulate emotional
responses when threats are predictable. Overall, these findings
suggest there are sex-related differences in brain regions that
underlie emotion expression. Further, the present findings align
with prior studies that suggest that men and women may use
different brain regions to regulate emotions [25–27]. While these
findings provide novel information regarding differences in brain
regions that underlie emotion expression in response to threat in
women and men, these results were not corrected for multiple
comparisons, and thus, should be interpreted with caution.

STRENGTHS AND LIMITATIONS
The present study has several strengths. Specifically, the present
study includes a large community sample with approximately equal
numbers of men and women, increasing statistical power and
generalizability. However, the present study is not without
limitation. For example, the present study is cross sectional; thus,
we cannot determine whether violence exposure influences neural
activity or whether the relationships observed were due to
preexisting differences. Thus, future studies should implement
longitudinal neuroimaging designs to determine whether violence
exposure impacts the neural response to threat over time.
Additionally, prior work suggests that reproductive hormones and
menstrual cycle phase may impact the brain function that supports
fear learning processes [17, 90]. Follow-up analyses in the present
study suggest that the neural response to threat did not vary as a
function of hormonal medication (Supplementary Tables 11 and
12). However, future studies should assess the presence of
reproductive hormones and menstrual cycle phase when examin-
ing sex differences in neural function. Finally, cultural factors (e.g.,
socialization, coping style) were not assessed in the present study,
but may modulate sex differences in emotion expression [91, 92].
Thus, future studies should assess cultural factors when examining
sex differences in the emotional response to threat.

CONCLUSION
The current study found sex differences in the neural response to
threat, as well as sex differences in the relationship between
violence exposure and threat-elicited neural activity. Although prior
studies have investigated sex differences in neural function during
Pavlovian fear conditioning [93–95] this study is the first to
investigate sex differences in the neural and psychophysiological
response to threat that are linked to violence exposure. Additionally,
results suggest that there are sex differences in the neural response
to threat uncertainty which may be linked to sex-related differences
in symptoms of anxiety. Overall, findings from the present study
suggest that sex differences in the neural response to threat may
underlie sex differences in emotional function.
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