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Abstract

Studies have examined sex differences in emotion processing in health and illness. However, it
remains unclear how these neural processes may relate to individual differences in affective traits.
We addressed this issue with a dataset of 970 subjects (508 women) curated from the Human
Connectome Project. Participants were assessed with the NIH Toolbox Emotion Measures and
fMRI while identifying negative facial emotion and neutral shape targets in alternating blocks.
Imaging data were analyzed with published routines and the results were reported at a corrected
threshold. Men scored similarly in Anger- but lower in Fear-Affect, as compared to women. Men
as compared with women engaged the occipital-temporal visual cortex, retrosplenial cortex (RSC),
and both anterior and posterior cingulate cortex to a greater extent during face versus shape
identification. Women relative to men engaged higher activation of bilateral middle frontal cortex.
In regional brain responses to face versus shape identification, men relative to women showed
more significant modulations by both Anger- and Fear- Affect traits. The left RSC and right RSC/
precuneus each demonstrated activities during face vs. shape identification in negative correlation
with Anger- and Fear- Affect scores in men only. Anger affect was positively correlated with
prolonged RT in identifying face vs. shape target in men but not women. In contrast, women
relative to men showed higher Fear-Affect score and higher activation in the right middle frontal
cortex, which was more strongly correlated with prolonged RT during face vs. shape identification.
Together, men and women with higher Fear-Affect demonstrated lower accuracy in identifying
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negative facial emotion versus neutral shape target, a relationship mediated by activity of the RSC.
These findings add to the literature of sex and trait individual differences in emotion processing
and may help research of sex-shared and sex-specific behavioral and neural markers of emotional

disorders.
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1. Introduction

Numerous studies have demonstrated sex differences in cognitive and affective processing
(Hirnstein et al., 2019; Kogler et al., 2015; Li and Singh, 2014; McCarrey et al., 2016; Miller
and Halpern, 2014). For instance, men appeared to perform better than women on spatial
and working memory (Callicott et al., 1998; Chai and Jacobs, 2009; Cohen et al., 1997;
Gevins et al., 1987; Mantyla, 2013; Peters et al., 1995; Reed et al., 2017; Sternberg, 1966;
Vandenberg and Kuse, 1978). In contrast, women demonstrated advantages in object
recognition and verbal memory (Heinzel et al., 2013; McGivern et al., 2012; Munro et al.,
2012). Men and women could also show differences in brain activation despite equitable
performance during cognitive and affective challenges. For instance, in an earlier study
combining the stop-signal task with functional magnetic resonance imaging (fMRI), women
relative to men showed greater error-related activations in bilateral thalamus and dorsal
anterior cingulate cortex, despite being indistinguishable in all performance measures (Li et
al., 2009). In another study where healthy subjects were provoked by money taken by an
opponent and given the opportunity to retaliate, men showed higher left amygdala activation
during provocation, and the amygdala activation correlated with trait anger scores in men,
but not in women, absent differences in behavioral performance (Repple et al., 2018). These
findings suggest brain imaging as a more sensitive measure of sex differences as compared
to behavioral observations; men and women may employ different neural mechanisms to
support seemingly similar behavior. In accord, studies of large public-domain data set have
provided robust evidence for sex differences in structural morphometric features and
functional connectomes (Ritchie et al., 2018).

Sex differences in emotion processing have been noted in numerous studies. Overall, women
were more sensitive to fearful and sad stimuli whereas men were more sensitive to anger-
provoking stimuli (Brody et al., 1995; Deng et al., 2016; He et al., 2018), although there was
discrepancy between subjective reports and physiological responses (Kring and Gordon,
1998). Previous studies have also examined how men and women differed in performance
during identification of emotional stimuli. In an emotional expression-morphing task, in
which a neutral face morphed into an expressive face showing anger, disgust, fear,
happiness, sadness or surprise, subjects were to label the emotion as soon as it was perceived
(Montagne et al., 2005). The results showed that men were significantly less accurate than
women at identifying sadness and surprise and slower than women at identifying anger and
disgust. During emotional face recognition with six different emotions varying in intensity
from 100% to 25%, women were faster than men at recognizing emotions (Saylik et al.,
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2018). A study of 1063 participants to identify facial (static pictures) and bodily (dynamic
video clips) emotions from picture stimuli with people varying in sex and age for each
emotion, women performed significantly better at recognizing facial expressions of disgust
and sadness, whereas men performed better at bodily expressions of happiness (Le et al.,
2019). In an fMRI study, women completed emotional face matching during the mid-
follicular and late-luteal phase (Dan et al., 2019). Reaction time and accuracy showed no
significant differences among men, women in mid-follicular phase, and women in late-luteal
phase for matching either negative or positive emotional faces. However, men showed higher
activation in response to negative emotional faces in the right hippocampus and
parahippocampal gyrus, when compared to women in the mid-follicular phase. These and
many other studies have highlighted important sex differences in the processing of emotional
stimuli (Canli et al., 2002; Colich et al., 2017; Kinner et al., 2014).

Sex differences in emotion processing dysfunction have long been a focus in biomarker
research of neuropsychiatric disorders (Bangasser and Valentino, 2014; Kret and De Gelder,
2012; Merz and Wolf, 2017; Rubinow and Schmidt, 2019; Whittle et al., 2011). Behavioral
traits, which in the extremes may dispose individuals to mental illnesses, also demonstrate
sex differences in neurotypical populations. For instance, men showed higher reward
sensitivity than women (Li et al., 2007; Torrubia et al., 2001), which may explain male
vulnerability to risk taking behavior. In contrast, showing higher anxiety and tendency in
behavioral avoidance, women are more prone to mood disorders (Albert, 2015; Kelly et al.,
2008). Fear and anger represent important emotional traits and may exert opposite effects on
motivated behavior (Habib et al., 2015; Lerner and Keltner, 2001; Yang et al., 2018). An
earlier study evaluated how exposure to fearful, angry and neutral faces influenced decision
making in a gambling task (Habib et al., 2015). Following exposure to angry and fearful,
relative to neutral, emotions, participants engage more and less frequently in risky options,
respectively. These findings were confirmed by others with different behavioral paradigms
(YYang et al., 2018). In a longitudinal study adolescents were assessed for temperament,
including anger, fear and attention control, at 9 and 11 years, and risk-taking behavior at 11
and 15 years (Kim-Spoon et al., 2015). Higher anger trait was related to more frequent risk-
taking behaviors in adolescents with low attention control; in contrast, fear trait tended to be
associated with less frequent risk-taking behaviors in those with high attention control. Thus,
these studies demonstrate the importance of individual traits in real-life behavioral response
to emotional exposures. However, it remains unclear whether men and women may respond
differently to emotional contingencies in association with these affective traits and engage
distinct neural processes to support the differences.

In the current study, we addressed sex difference in the neural correlates of emotion target
identification and examined sex-specific correlates of individual anger and fear traits. To this
end we used the imaging data collected from the Human Connectome Project (HCP), where
the Negative Affect scores were available from assessment with the NIH Toolbox Emotion
Measures (Salsman et al., 2013). This study aimed to be exploratory and we broadly
hypothesized that men and women would demonstrate significant differences in regional
responses to emotion target identification and in regional correlates of anger and fear traits
during emotion target identification. Further, as discussed earlier, men and women appeared
to be more responsive to anger and fear provoking stimuli, respectively. We would also test

Neuroimage. Author manuscript; available in PMC 2021 January 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

2.

2.1

2.2.

2.3.

Page 4

the hypothesis that men and women may each show more significant modulation in neural
activities during emotion target identification in relation to individual differences in anger
and fear traits. To this end, we identified these correlates separately in men and women,
compute the regional activities (g estimates) for all subjects, and followed up with slope
tests to confirm or refute the sex differences.

Materials and methods

Dataset

For the present study, we have obtained permission from the HCP to use both the Open and
Restricted Access data. The data of a total of 970 adults (508 women; age = 28.7 £+ 3.7
years, mean + SD) were obtained from the HCP (Table 1). All subjects were physically
healthy with no severe neurodevelopmental, neuropsychiatric or neurologic disorders. All
subject recruitment procedures and informed consents, including consent to share de-
identified data, were approved by the Washington University Institutional Review Board.

All participants were assessed with the NIH-Toolbox Emotion Measures — 18+ (i.e., > 18
years old) battery — which has been widely used to examine emotion function and
dysfunction. The battery is a computer-adaptive test comprised of items from the PROMIS
Anger Item Bank (22 items) and Fear Item Bank (29 items). Participants responded to each
item with Never, Rarely, Sometimes, Often, Always, with a higher total score representing
greater intensity of the emotion trait.

Behavioral, task for FMRI

Each participant completed two runs of an emotion processing task each with 6 blocks — 3 of
negative face and 3 of neutral shape pictures — in a fixed order: neutral — negative — neutral —
negative — neutral — negative. During the emotion blocks, a target face was presented at the
top of the screen and subjects were instructed to select one of two faces presented at the
bottom that matched the emotion of the target face. During the neutral blocks, a target ellipse
was presented at the top and subjects were to select one of two ellipses at the bottom with
matching orientation. Negative faces showed angry or fearful expressions. Each block
started with a cue (3 s) to indicate the current task (face or shape), followed by the stimulus
(2 s) and an inter-trial interval (1 s) and, with a total of 6 trials, lasting 21 s in duration.
However, as noted earlier by the HCP, the last 3 trials were missing from the emotion task
because of an E-prime script bug (Barch et al., 2013). The emotion task data were missing
for 162 subjects. Subjects with head movements exceeding 2 mm in translation or 2° in
rotation were removed. Further, we inspected each individual’s normalized image and
removed those visually deemed of poor quality (e.g., odd brain shape). As a result, a total of
970 out of 1206 subjects were included in the current study.

Imaging protocol and data preprocessing

MRI was done using a customized 3 T Siemens Connectome Skyra with a standard 32-
channel Siemens receiver head coil and a body transmission coil. T1-weighted high-
resolution structural images were acquired using a 3D MPRAGE sequence with 0.7 mm
isotropic resolution (FOV = 224 mm, matrix = 320, 256 sagittal slices, TR = 2400 ms, TE =
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2.14 ms, T1 = 1000 ms, FA = 8°) and used to register functional MRI data to a standard brain
space. FMRI data were collected using gradient-echo echo-planar imaging (EPI) with 2.0
mm isotropic resolution (FOV = 208 x 180 mm, matrix = 104 x 90, 72 slices, TR = 720 ms,
TE = 33.1 ms, FA = 52°, multi-band factor = 8, 176 frames, ~ 2 m and 16 s/run).

As with our recent study of the HCP data (Li et al., 2020), imaging data were analyzed with
Statistical Parametric Mapping (SPM8, Welcome Department of Imaging Neuroscience,
University College London, U.K.). Standard image preprocessing was performed. Images of
each individual subject were first realigned (motion corrected). A mean functional image
volume was constructed for each subject per run from the realigned image volumes. These
mean images were co-registered with the high-resolution structural MPRAGE image and
then segmented for normalization with affine registration followed by nonlinear
transformation. The normalization parameters determined for the structural volume were
then applied to the corresponding functional image volumes for each subject. Finally, the
images were smoothed with a Gaussian kernel of 4 mm at Full Width at Half Maximum.

Imaging data modeling

We modeled the BOLD signals to identify regional brain responses to negative vs. neutral
stimuli. A statistical analytical block design was constructed for each individual subject,
using a general linear model (GLM), by convolving the canonical hemodynamic response
function (HRF) with a boxcar function in SPM. Realignment parameters in all six
dimensions were entered in the model as covariates. The GLM estimated the component of
variance that could be explained by each of the regressors.

In the first-level analysis, we constructed for individual subjects a statistical contrast of
negative face versus neutral picture. These contrasts allowed us to evaluate brain regions that
responded differently to viewing of negative face and neutral pictures. The contrast images
(difference in B) of the first-level analysis were then used for the second-level group
statistics. We conducted a one-sample #test of the contrast (negative face vs. neutral shape)
to identify regional responses to emotion processing and a two-sample t-test of the contrast
(negative face minus neutral shape) to evaluate the difference between males and females
with age and years of education as covariates. To examine how regional brain responses to
emotion processing varied with individual emotion traits, we conducted a whole-brain
multiple regression on the contrast (negative face minus neutral shape) each against the
Anger-affect and Fear-affect score, with age and years of education as covariates. Following
current reporting standards (Poldrack et al., 2008), all imaging results were evaluated with
voxel p < 0.001, uncorrected, in combination with a cluster p < 0.05, corrected for family-
wise error (FWE) of multiple comparisons, on the basis of Gaussian random field theory, as
implemented in SPM.

In ROI analysis, we used MarsBar (http://marsbar.sourceforge.net/) to derive for each
individual subject the activity (S contrast averaged across voxels) for the ROIs. Functional
ROIs were defined based on clusters obtained from whole-brain analysis. All voxel
activations were reported in Montreal Neurological Institute (MNI) coordinates.
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In planned and post-hoc ROI analyses, we performed linear regressions to examine the
relationship between ROI activities and performance measures as well as between ROI
activities and Anger-/Fear-Affect scores. In the regressions for the entire sample, we
included age, sex, and years of education as covariates. In the regressions for men and
women separately, we included age and years of education as covariates. Where a significant
finding was identified for men or women, we tested sex differences directly with a slope test
(Zar, 1999) and showed two-tailed p values. As one has to set a threshold to identify the
functional ROIs and the voxels of an ROI identified in say men may have a high gthat just
misses the cutoff in women, the sex differences in the correlations need to be tested directly.

2.5. Mediation analysis

As shown in the Results, we observed significant correlations, pair-wise between emotion
traits, performance measures and RSC activities across men and women. Thus, we
conducted mediation analyses to explore the inter-relationship between these measures, as
with our previous studies (Le et al., 2019; Wang et al., 2020; Zhornitsky et al., 2019).

In a mediation analysis, the relation between the independent variable X and dependent
variable Y, i.e. X — Y, is tested to see if it is significantly mediated by a variable M. The
mediation test is performed by employing three regression equations (MacKinnon et al.,
2007):

Y=i1+cX+e]

Y=ip+c'X+bM+ep

M =i3+aX +e3

where arepresents X — M, brepresents M — Y (controlling for X), ¢’ represents X — Y
(controlling for M), and crepresents X — Y. The constants iy, i o, i3 are the intercepts, and
e1, €y, e3 are the residual errors. In the literature, g, 6, cand ¢’ were referred as path
coefficients or simply paths (MacKinnon et al., 2007; Wager et al., 2008), and we followed
this notation. Variable M is said to be a mediator of the correlation X — Y if (¢-¢’), which
is mathematically equivalent to the product of the paths a*b, is significantly different from
zero (MacKinnon et al., 2007). If the product a* band the paths aand b are significant, one
concludes that X — Y is mediated by M. In addition, if path ¢’ is not significant, there is no
direct connection from X to Y and that X — Y is completely mediated by M. Note that path
bis the relation between Y and M, controlling for X, and should not be confused with the
correlation coefficient between Y and M.
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3. Results

3.1. Behavioral results and emotion traits

Fig. 1 shows the accuracy rate (AR) and reaction time (RT) across conditions. For AR, an
ANOVA (sex x stimulus) showed a significant stimulus main effect (F= 22.83, p< 0.001)
and sex x stimulus interaction (F=5.40, p=0.020), but not sex main effect (F=3.52, p=
0.061). In post-hoc analyses both men’s and women’s AR was higher for the face than shape
stimuli (¢'s < 0.001) but the difference was larger in men than in women (Fig. 1(A)).

For RT, an ANOVA (sex x stimulus) showed a significant main effect of stimulus (F= 9.50,
p=0.002) and sex (F=19.10, p< 0.001) but not sex x stimulus interaction (F=0.81, p=
0.361). Women relative to men showed slower RT (p < 0.001). Both men (p= 0.004) and
women (p = 0.011) showed slower RT during face than shape trials (Fig. 1(B)).

Together, these behavioral findings suggest that participants used more time but performed
more accurately during face than during shape identification. However, across subjects, the
difference in AR during face vs. shape identification (ARfg_s) showed a negative correlation
with RTg_g in both men (r=-0.194, p < 0.001) and women (r=-0.298, p< 0.001),
suggesting that participants who were better in identifying face than shape stimuli also
responded faster to face than to shape stimuli.

We next examined the relationship between personality traits and task performance with
linear regressions of ARE.g and RTg.g against Anger-Affect and Fear-Affect score. We
performed the analyses for men and women together (with age, sex, and years of education
as covariates) as well as separately (with age and education as covariates). In men and
women combined, the RTg.g was positively correlated with Anger-Affect score (= 0.080, p
= 0.013), and the ARfg_g was negatively correlated with Fear-Affect score (r=-0.068, p=
0.034). For men only, the RTg_g was positively correlated with Anger-Affect score (r=
0.128, p=0.006) and with Fear-Affect score (r=0.118, p=0.011). However, slopes tests
failed to confirm sex differences in the latter two regressions (both p’s > 0.05). No other
regressions showed significant results.

3.2. Brain activations to face vs. shape stimuli

In examining regional responses to negative face versus neutral shape pictures, we first
conducted a one-sample t test on the entire cohort and on men and women separately.
Supplementary Fig. S1 shows the results. To examine sex differences, we conducted a two-
sample ttest to compare men and women with age, years of education as covariates.
Identifying negative emotional faces as compared with neutral shape pictures engaged
higher activation of cortical and subcortical structures in men than women. At voxel p<
0.001, uncorrected, in combination with cluster-level p < 0.05, family-wise error corrected,
these clusters included the fusiform gyrus, calcarine sulcus, middle frontal cortex, and both
the anterior and posterior cingulate cortex. Conversely, women engaged higher activation in
the middle temporal cortex and middle frontal cortex (Fig. 2). These clusters are
summarized in Table 2. An additional analysis to compare men and women with age, years
of education, as well as Anger-Affect and Fear-Affect scores as covariates yielded nearly
identical findings (Supplementary Fig. S2).
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We derived for individual subjects the g contrast of individual clusters — men > women or
women > men — each as a region of interest (ROI) for a linear regression against Anger- and
Fear-Affect score in men and in women, with age and years of education as covariates. The
results showed that, at a p value corrected for the total number of tests — 0.05/(13 ROIs x 2
sexes x 2 scores) = 0.00096, none of the regressions were significant and only 4 of 52
regressions showed an uncorrected p < 0.05. These results suggested that individual
variation in emotion traits was not reflected in the sex differences in these regional activities

Likewise, we performed linear regressions of the g contrasts of these individual ROIs
against the ARE_g as well as RTg.g in men and women, separately, with age and years of
education as covariates. Of the ROIs, the g contrast of the right middle frontal cortex (x=40,
y=22, z=22, from the contrast women > men) showed a significant correlation with ARg_g in
both men (r=-0.181, p=0.000098) and women (r=—0.186, p = 0.000025), as well as with
RTE_g in both men (r=0.161, p=0.000521) and women (r=0.300, p = 5.254e-12) at the
corrected threshold. We thus examined these two correlations with slope tests, which showed
sex differences in the correlation with RTg.g (Z=-2.28, p= 0.0226) but not with ARg_g (Z
=0.08, p=0.9362). Relative to men, women showed a stronger correlation of right middle
frontal cortical activity with RTg_g during face vs. shape identification. These regressions are
shown in Fig. 3.

3.3. Brain activations to face vs. shape stimuli in correlation with affect traits

We conducted a whole brain linear regression of contrast (face — shape) against the Anger-
Affect and Fear-Affect scores across all subjects, with sex, age and years of education as
covariates. No clusters met the threshold of voxel p < 0.001, uncorrected, in combination
with cluster p < 0.05 FWE-corrected.

We next conducted a whole brain linear regression of contrast (face — shape) against the
Anger-Affect and Fear-Affect scores for men and women separately, with age and years of
education as covariates. For men, the left retrosplenial cortex (RSC; x= -8, y=-52, z= 16,
volume = 472 mm3, Z= 4.46) showed activation in negative correlation with Anger-Affect
score (Fig. 4(A)). Also for men, the right RSC (x= 8, y= —46, z= 18, volume = 728 mm3, Z
= 4.40) and precuneus (x= 10, y= -56, z= 42, volume = 512 mm3, Z=4.15), and left
cerebellum (x=-14, y=-52, z= -24, volume = 656 mm?3, Z= 4.47) showed activation in
negative correlation with Fear-Affect score (Fig. 4(B)). No clusters showed responses in
significant correlation with the Anger- or Fear-Affect score in women, at the same threshold.

As men but not women showed regional responses in correlation with emotion traits, we
computed the g contrast of each ROI — left RSC, right RSC, right precuneus, and left
cerebellum — for all subjects, and compared men and women in the linear regressions with
slope tests, in order to confirm the sex differences. The results showed left RSC responses in
significant negative correlation with Anger-Affect score in men (r=-0.215, p< 0.001), as
expected, but not in women (r=0.047, p=0.290). The sex difference was confirmed in a
slope test (Z=-4.12, p< 0.001; Fig. 5A). Likewise, the right RSC (men: r=-0.238, p<
0.001; women: r=0.053, p=0.232), right precuneus (men: r=-0.202, p< 0.001; women: r
=-0.022, p=0.618), and left cerebellum (men: r=-0.266, p < 0.001; women: r=-0.016, p
= 0.170) showed responses in significant negative correlation with the Fear-Affect score in
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men but not in women. The sex differences (right RSC: 2= -4.59, p< 0.001; right
precuneus: Z=-2.83, p=0.0047; left cerebellum: Z=-3.28, p=0.001) were all confirmed
in slope tests (Fig. 5(B)-(D)). Notably, compared to women, men also showed higher g
contrast values for the left RSC (men: 0.16 = 0.90; women: —0.11 + 0.95; p< 0.001) and
right RSC (men: 0.10 £ 0.69; women: —0.06 + 0.70; p = 0.001) but not for the right PCu or
left CBL (both p’s >0.662; two-sample t test with age and years of education as covariates).

As described in Section 3.1, the RTg_g was positively correlated with Anger-Affect score and
the ARE_g was negatively correlated with Fear-Affect score in men and women combined.
Thus, although the left and right RSC were identified from the whole-brain regressions each
against Anger- and Fear-Affect score in men, we explored whether the RSC responses were
correlated with these performance measures across men and women. Across all subjects, the
left RSC response was negatively correlated with RTg_g (r=-0.078, p= 0.015), and the
right RSC response was positively correlated with ARg_g (= 0.155, p< 0.001).

3.4. Mediation analyses

In men and women combined, we observed a significant correlation between Anger-Affect
score and RTg.g (r=0.080, p= 0.013), between the activity (face — shape) of the left RSC
and RTg_s (r=-0.078, p=0.015), and between the activity of the left RSC and Anger-
Affect score (r=-0.075, p=0.020). Thus, we conducted a mediation analysis to examine
the inter-relationship between left RSC activity (8 contrast), Anger-Affect score, and RTg.s.
None of the six models showed significant mediation (all p’s > 0.125).

In men and women combined, we observed a significant correlation between Fear-Affect
score and ARg_s (r=—0.068, p=0.034), between the activity (face — shape) of the right
RSC and ARg.s (r=0.155, p< 0.001), and between the activity (face — shape) of the right
RSC and Fear-Affect score (r=-0.095, p=0.003). Thus, we conducted a mediation analysis
to examine the inter-relationship between right RSC activity (5 contrast), Fear-Affect score,
and AREs.

Of the six possible models, we considered all except the two where ARg_g served as the
independent variable, because the AR represents a behavioral outcome and, conceptually, is
unlikely to drive brain response. Table 3 shows that only the model where right RSC 8
contrast mediates the relationship “Fear-Affect score — ARg_g ” demonstrated a significant
and complete mediation effect. The two models not considered did not show significant
mediation, either (both p’s > 0.069).

4. Discussion

We examined sex differences in regional brain responses during identification of negative
emotional face versus neutral shape stimuli. Men relative to women showed higher
activations in bilateral occipital, fusiform and cingulate gyri, retrosplenial cortex (RSC), and
precuneus. Conversely, women as compared to men showed higher activations in bilateral
middle frontal and right middle temporal cortex. The findings mirror those reported in many
earlier imaging studies (Caseras et al., 2007; Domes et al., 2010; Garcia-Garcia et al., 2016;
Kempton et al., 2009; Mak et al., 2009). In regional brain responses, men showed more
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significant modulations by anger and fear traits, relative to women. The left RSC and right
RSC/precuneus each demonstrated activities during face vs. shape identification in negative
correlation with Anger- and Fear-Affect scores in men only. Anger affect was positively
correlated with prolonged RT in identifying face vs. shape target in men but not women. In
contrast, women relative to men showed higher Fear-Affect score and higher activation in
the right middle frontal cortex, which was more strongly correlated with prolonged RT
during face vs. shape identification. Lastly, in men and women combined, the right RSC
response mediated the correlation between fear affect and differences in accuracy rate in
identifying face vs. shape stimuli. Together, these findings provide new evidence of sex-
specific and sex-shared neural phenotypes of emotion traits in relation to negative emotion
processing.

Retrosplenial cortex, precuneus and emotion processing

Along with the amygdala, hippocampus and prefrontal cortex, the RSC, posterior cingulate
cortex (PCC) and precuneus (PCu) have been implicated in emotional (particularly fear)
learning and memory in both preclinical (Todd et al., 2019; Vogt, 2019; Yousuf et al., 2020)
and clinical (Holschneider et al., 2014; Kveraga et al., 2015; Van den Stock et al., 2014;
Zhan et al., 2018) studies. For instance, fear induction with exposure to video clips elicited
higher activity in bilateral anterior insula and right hemispheric parahippocampal gyrus
(PHG), PCC, and PCu (Zhan et al., 2018). Evaluating negative emotional vs. non-emotional
statements engaged higher activation of the PCC and PCu (Bruneau and Saxe, 2010). An
earlier study showed higher responses of the PCu to fearful versus disgusted face pictures
(Stark et al., 2007). Another fMRI study showed higher activation in bilateral extrastriate
areas and right-hemispheric posterior PHG and lower activity in the right RSC during
exposure to threating as compared to neutral visual scenes (Van den Stock et al., 2014). We
replicated these findings in the current study (Supplementary Figure S1). Further, we
showed that the right RSC and PCu respond to emotion vs. shape stimuli in negative
correlation with fear trait in men, thus extending the literature by highlighting the neural
correlates of individual variation in fear emotions. It is possible that we did not observe a
correlate in the hippocampus/PHG because emotion target identification did not engage the
memory processes as extensively as imagery or exposure to a movie. Individual variation in
fear emotion may manifest differently when individuals are challenged with different
emotion tasks.

The RSC, including the PCC, and PCu also respond to anger or behavioral contingencies
that may trigger anger. For instance, in the Ultimatum game, the left-hemispheric PCC and
PCu showed higher activity when participants retaliated for unfair offers (Klimecki et al.,
2018). In an emotion recognition task, individuals born pre-term were less able to recognize
anger emotions at low intensity, in link with diminished amygdala connectivity with the
PCC/PCu, compared to healthy adults (Papini et al., 2016). Patients with multiple sclerosis,
a condition with white matter pathology that disrupts inter-regional connectivity,
demonstrated excess activations in the PCC/PCu during recognition specifically of angry
and disgusted (vs. neutral) faces, in contrast to healthy controls, potentially in compensation
for disrupted anatomical connectivity (Jehna et al., 2011). Other studies demonstrated
altered PCC/PCu connectivity in association with the expression of anger and/or aggression
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in patients with borderline personality disorder (Quattrini et al., 2019; Ueltzhoffer et al.,
2019). In the current findings, the left RSC showed higher activation to negative emotional
vs. shape stimuli (Figure 2), and the extent of this activity was negatively correlated with
anger affect in men (Fig. 3). Higher Anger-Affect score was also correlated with prolonged
RT in identifying face vs. shape target in men (Section 3.1 Behavioral Results). Thus, men
prone to anger may dampen the RT and response the left RSC to negative emotions, perhaps
as a protective mechanism to avoid engagement in negative emotion processing?

Together, although the RSC, including the PCC, and PCu appear to respond to a wide range
of emotions (Saarimaki et al., 2018), the afore-described studies provide evidence in support
of left- and right-hemispheric RSC in processing anger and fear, respectively, in broad
consistence with the current findings. Notably, although fear and anger represents distinct
emotions, fear may promote anger and alter behavioral responses to emotional challenges
(Zhan et al., 2015). In the study described above, activation of the right-hemispheric PCC
and PCu during fear induction predicted the escalation of fear to anger (Zhan et al., 2018). It
also seems intriguing that we observed a significant positive correlation between anger (and
fear, though less strongly) affect and the RT (face — shape) as well as between left RSC
response and RT (face — shape) in men. One is tempted to speculate that, in men, RSC
response to negative emaotion represents a trait neural marker of fear and anger trait, which
impedes the identification of negative emotions, perhaps to prevent the escalation of
emotional stimulation.

4.2. Sex differences in emotion processing and the neural markers of emotion traits

Both men and women showed higher accuracy rate in identifying face vs. shape target
stimuli; however, men demonstrated more significant difference in the accuracy rate than
women, as shown in the interaction effect. In brain imaging, men relative to women also
demonstrated more significant differences in regional responses to identification of face vs.
shape stimuli, in accord with earlier reports. However, the differences in regional responses
did not seem to account for sex differences in the accuracy rate. In contrast, women as
compared to men showed higher activations in bilateral middle frontal and middle temporal
cortex. Higher activations of the right middle frontal cortex were correlated with prolonged
RT in identifying face vs. shape target more significantly in women than in men. These
findings are correlational in nature, but one may speculate that higher activation of right
middle frontal cortex, a region central to executive control, may reflect more complex
processing of emotional face stimuli, in broad accord with higher Fear-Affect score in
women.

Women showed higher Fear-Affect score, compared to men, consistent with earlier studies
(Reichenberger et al., 2019). This sex difference could be considered with the finding that
women showed lower accuracy in identifying face (vs. shape) stimuli and with the
correlation between middle frontal cortical activation and prolonged RT in face (vs. shape)
blocks, but was otherwise not reflected in individual variation in fear trait. In contrast,
although men and women did not differ in anger affect, individual variation in anger trait
was reflected in left RSC response and prolonged RT to face (vs. shape) stimuli in men only.
Together, these findings suggest that anger and fear each dominates in behavioral responses
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to emotional targets, and engages distinct neural substrates during these responses, in men
and in women, respectively.

4.3. RSCresponse underlies difficulty in emotion target identification in fear-prone

individuals

We showed that, in men and women combined, right RSC response to face (vs. shape)
mediated the correlation between fear affect and diminished accuracy in identifying face (vs.
shape) stimuli. The RSC may play a distinct role in impeding emotion target identification in
fear-prone healthy individuals. The RSC has been implicated in the pathology of post-
traumatic stress disorder (PTSD), with individuals of PTSD demonstrating higher stress-
elicited RSC activity in link with symptom severity (Cwik et al., 2017; Sartory et al., 2013).
Thus, it would appear that fear-prone healthy individuals are able to down-regulate RSC
response to face stimuli, limiting the exposure to negative emotions, whereas individuals
with PTSD are devoid of this protective mechanism. Indeed, people suffering PTSD showed
higher physiological arousal to negative emotional stimuli (Wolf et al., 2009) and faster
response in identifying negative facial and other stress-eliciting stimuli (Ashley and Swick,
2019). Thus, other than reflecting individual variation in emotion processing function in
neurotypical populations, RSC response to negative emotions may potentially serve as a sex-
shared neural marker of the severity of PTSD.

4.4. Limitations and conclusions of the study

Some limitations need to be considered for the study. First, participants showed an accuracy
rate > 95% in emotion or shape identification, suggesting that the behavioral task might not
be sufficiently challenging. It remains unclear whether the neural markers of emation traits
may be identified for women with a more difficult target identification task. Further, the
HCP emotion task did not separate fearful and angry facial emotions in different blocks;
thus, we were not able to investigate the neural responses specific to these emotions. Second,
exposure to salient stimuli elicits physiological arousal (Wang et al., 2019; Zhang et al.,
2012), which would have provided an objective index of behavioral engagement, in addition
to accuracy rate and RT. Further, the physiological response may vary with individual
dispositional trait (Le et al., 2019; Panayiotou et al., 2017; Yoshino et al., 2005), providing
another venue to assess emotion processing. Third, the participants recruited for the HCP are
known to have a variety of subclinical conditions, and it remains to be investigated how
these clinical variables may have influenced the current findings.

In conclusion, the current study demonstrated sex differences in regional responses to
negative emotions and how individual emotion traits may relate to RSC and PCu response to
negative emotions in a target identification task. Men relative to women demonstrated more
significant modulation in behavioral performance and regional activities by both anger and
fear traits. Across men and women, the RSC response impedes negative emotion processing
in fear-prone healthy individuals, a protective mechanism that may go awry in emotional
disorders.
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Behavioral results (mean + SE) showed the (A) accuracy rate (AR) and (B) reaction time
(RT) for face and shape stimuli each in men and women. AR was significantly higher for
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face than shape stimulus in both men and women but the difference was larger for men. Face
trials showed slower RT than shape trials in both men and women. Women showed slower
RT than men in both face and shape trials. **p < 0.001, *p < 0.05.
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Fig. 2.
Sex differences in regional brain activations: Two-sample 7 test results of the contrast (face-

shape) between men and women with age, years of education as covariates. Voxel p< 0.001,
uncorrected. All clusters with cluster p < 0.05, corrected for family-wise error, are shown in
Table 2. Color bars showed voxel 7 values; warm: men > women, cool: women > men.
Clusters are overlaid on a T1 structural image in neurological orientation: right = right.
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Correlations across men (M, orange) and women (W, green) between the g contrast of the
right middle frontal cortex and (A) difference in accuracy, and (B) difference in mean RT
(ms), during face vs. shape blocks. Slope tests (two-tailed, with years of age and education

as covariates) showed sex differences in the correlations in (B): Z=-2.28, p=0.0226.
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Fig. 4.

Regional responses to negative facial emotion vs. shape in correlation with emotion traits in
men: whole-brain regression with age and years of education as covariates; p< 0.001,
uncorrected, in combination with cluster p < 0.05 FWE-corrected. (A) The left retrosplenial
cortex (RSC) showed response in negative correlation with Anger-Affect score in men. (B)
The right RSC, right precuneus (PCu) and left cerebellum (CBL) showed responses in
negative correlation with Fear-Affect score in men. Cold bars show voxel 7T values. No
clusters showed significant correlations in women at the same threshold.
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Region of interest analyses to confirm sex differences in the correlation of regional
responses with emotion traits. Each data point represents one subject. Orange/green color:
men (M)/women (W). The plots show sex differences in the regressions of the g contrast of
(A) Left retrosplenial cortex (RSC) vs. Anger-Affect score (Z=-4.12, p< 0.001); (B) Right
precuneus (PCu) vs. Fear-Affect score (Z=-2.83, p=0.0047); (C) Right RSC vs. Fear-
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Affect score (Z=-4.59, p<0.001); and (D) cerebellum (CBL) vs. Fear-Affect score (Z=
-3.28, p=0.001), all based on slope tests.
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Table 1

Demographics and emotional measures of participants.

Characteristic ~ Men (n=462) Women (N =508) pyaue”
Age, Years 278+3.6 29.5+3.6 0.000
Education, Years 14.9+1.7 150+1.8 0.169
Anger Affect 47.9+84 47677 0.408
Fear Affect 49.2+7.8 51.0+7.9 0.000

*
Two-sample ¢test for age and education; two-sample t test with age and years of education as covariates for Anger and Fear Affect score.
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Table 3

Mediation analysis: fear-affect, right RSC activity, and accuracy rate.

Path a (X—>M)

Pathb (M—Y) Pathc (X—>Y) Pathc’ (X—>Y) Mediation Path (c-c”)

Model 1: X (Fear)—Y (R_RSC) mediated by M (Accuracy)

B 0.000
p 0044

2.469 -0.008 -0.007 -0.001
0.000 0.005 0.012 0.069

Model 2: X (Fear)—Y (Accuracy) mediated by M (R_RSC)

B -0.008
p  0.005

0.009 0.000 0.000 0.000
0.000 0.044 0.110 0.023*

Model 3: X (R_RSC)—Y (Fear) mediated by M (Accuracy)

B 0.009
p  0.000

-10.304 -1.077 -0.980 - 0.096
0.108 0.007 0.015 0.131

Model 4: X (R_RSC)— Y (Accuracy) mediated by M (Fear)

B -1077
p 0007

0.000 0.009 0.009 0.000
0.110 0.000 0.000 0.186

*
Significant mediation.
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