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Abstract

Shyness is a fundamental trait associated with social-emotional maladaptive behaviors, including many forms of
psychopathology. Neuroimaging studies have demonstrated that hyper-responsivity to social and emotional stimuli occurs
in the frontal cortex and limbic system in shy individuals, but the relationship between shyness and brain-wide functional
connectivity remains incompletely understood. Using resting-state functional magnetic resonance imaging, we addressed
this issue by exploring the relationship between regional functional connectivity strength (rFCS) and scores of shyness in a
cohort of 61 healthy young adults and controlling for the effects of social and trait anxiety scores. We observed that the
TFCS of the insula positively correlated with shyness scores regardless of sex. Furthermore, we found that there were
significant sex-by-shyness interactions in the dorsal anterior cingulate cortex and insula (two core nodes of the salience
network) as well as the subgenual anterior cingulate cortex: the rFCS values of these regions positively correlated with
shyness scores in females but negatively correlated in males. Taken together, we provide evidence for intrinsic functional
connectivity differences in individuals with different degrees of shyness and that these differences are sex-dependent.
These findings might have important implications on the understanding of biological mechanisms underlying emotional
and cognitive processing associated with shyness.
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Introduction trait. The Stanford Shyness Survey revealed that over 90% of the
Shyness has attracted increasing attention in recent years as a population is reported to have experienced shyness at some
common condition which can impact negatively on social inter- point in their lives (Zimbardo, 1977). However, 10-25% of the
actions and confidence and represent a long-term personality population is characterized by temperamental shyness (Cheek
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and Melchior, 1990; Battaglia et al., 2005), a stable dispositional
trait which describes anxious self-preoccupation and behavioral
inhibition in social contexts due to the prospect of interpersonal
evaluation (Amico et al., 2004).

Individual differences in shyness are known to be related to
human psychopathology (Henderson, 2010), and are presumed to
arise from abnormality in different neural systems (Beaton et al.,
2008). Recent brain imaging studies have demonstrated that the
frontal cortex and forebrain limbic areas play key roles in shy-
ness. For example, using a voxel-based morphometry analysis we
observed that shyness was associated with focal differences in
gray matter density in many brain regions such as the insula,
parahippocampal gyri, temporal pole and cerebellum (Yang et al.,
2013). Several task-dependent functional magnetic resonance
imaging (fMRI) studies have reported greater amygdalar activa-
tion in response to novel faces in shy adults (Schwartz et al.,
2003), and increased inferior frontal and insular activation in shy
relative to non-shy subjects when processing emotional faces
(Beaton et al., 2010). However, these structural and task-depend-
ent fMRI studies focus mainly on segregating different brain net-
works which are specialized for processing distinct forms of
information. A new concept that has emerged from analysis of
complex networks is that substantively different systems can
share key organizational mechanisms in common (Bassett and
Bullmore, 2009). For example the amygdala, which is a key part of
the limbic system, has rich anatomical connections with other
cortical and subcortical regions involved in the control of fear and
anxiety. How this key node associated with shyness work is inter-
acting with other connected regions is unclear.

Resting-state functional MRI (R-fMRI) is increasingly used as a
functional imaging technique to help establish changes in intrin-
sic or spontaneous brain networks in an ecologically valid man-
ner and which avoids some of the constraints of task-dependent
paradigms. Using seed-based R-fMRI connectivity analysis, we re-
ported that shyness is associated with various brain functional
connectivity differences, involving the superior temporal gyrus,
parahippocampal gyrus and insula (Yang et al., 2013). However,
such hypothesis driven seed-based approaches strongly depend
on the seed regions selected and are thus inherently biased and
may not necessarily reveal the extent or even the fundamental
nature of network changes occurring. It is therefore important to
employ unbiased methods to investigate brain-wide intrinsic con-
nectivity patterns related to shyness.

Here, we used a data-driven R-fMRI approach, termed re-
gional functional connectivity strength (rFCS), that provides a
voxel-wise measurement of ‘degree centrality’ for the func-
tional connectome (Bassett and Bullmore, 2009; Buckner et al.,
2009), to investigate the whole-brain functional connectivity
pattern associated with shyness. Importantly, this rFCS method
can allow us to identify highly connected brain hub regions by
capturing the complexity of the functional connectome as a
whole without the constraints of a priori hypotheses (see
Materials and methods). Using this approach, several studies
have identified brain hubs with higher rFCS located primarily in
the medial and lateral prefrontal cortex, insula and parietal cor-
tex (Buckner et al., 2009; Liang et al., 2013). Moreover, these hub
regions have been found to have higher rates of cerebral blood
flow (Liang et al., 2013) and glucose metabolism (Tomasi et al.,
2013), suggesting that the rFCS metric is biologically plausible.
Given that previous brain imaging studies have shown different
functional and structural features in the insula and frontal cor-
tex in shy individuals (Schwartz et al., 2003; Beaton et al., 2010;
Yang et al., 2013), we hypothesized that shyness would be asso-
ciated with the rFCS patterns in these regions. Considering that
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previous studies have reported sex-related differences in shy-
ness in humans and other species (Kerr et al., 1996; Dall 2004),
sex-by-shyness interaction effects were also evaluated.

Materials and methods
Participants

We recruited 61 (29 males and 32 females, mean age 21.9 = 1.94
years, age range 19-27 years old) right-handed, Han ethnicity
subjects who were the same as the participants in our previous
study (Yang et al., 2013). All participants were interviewed using
the Structured Clinical Interview by experienced psychiatrists
according to the Diagnostic and Statistical Manual of Mental
Disorder-IV (DSM-IV). Inclusion criteria for all participants were
physical and neurological health. Individuals were excluded if
they had a history of neurological or psychiatric disorders,
smoking within 2 months prior to inclusion, current or past sub-
stance abuse or use of psychoactive drugs. All participants were
right-handed which was determined using the Edinburgh
Handedness Scale. The study was approved by the local re-
search ethics committee of the West China Hospital and written
informed consent was obtained from each participant.

Behavioral assessment

All of the subjects completed the self-report measurements of
shyness [Cheek and Buss Shyness Scale (CBSS)], a 13-item self-
report questionnaire designed to measure shyness (Cheek and
Buss, 1981). Each item was measured on a 5-point Likert scale,
with higher scores reflecting greater shyness. CBSS was de-
veloped as a unidimensional measure of shyness. The 9 item
(Chou, 2005) and 13 item (Yang et al., 2013) versions of this scale
have previously been validated in Chinese subjects. The
Cronbach’s alpha of the Chinese version of the CBSS scale in the
present sample was 0.826.

Since significant correlations between shyness and anxiety
scores have been reported in previous research on healthy sub-
jects (Iancu et al., 2011), we also measured social anxiety using the
Liebowitz social anxiety scale (LSAS) and trait anxiety using the
Chinese state-trait anxiety inventory (CSTAI-T) in all participants.
The LSAS is composed of 24-items that assess levels of fear and
avoidance in social or performance situations using a 0-3 scale.
An overall total score may also be derived by summing the fear
and avoidance ratings for all items. The LSAS has been shown to
have high internal consistency (alpha coefficient=0.95; 0.83 and
0.77 for Chinese patients and normal controls), good convergent
and discriminant validity and high test-retest reliability (0.83 for
12-week test-retest) (Fresco et al.,, 2001; Barnes et al., 2002; Pang
et al., 2006). The CSTAI-T was designed to measure a stable pro-
pensity to experience anxiety, and tendencies to perceive stressful
situations as threatening (Shek, 1993). The scale consists of 20
items, with higher scores indicating greater anxiety. This scale
has been shown to have high internal consistency (Cronbach’s
alpha = 0.81; Split-half reliability = 0.83; Shek, 1988).

MRI acquisition

Brain imaging was carried out on a 3.0 T MR scanner (Siemens
Trio, Erlangen, Germany) with a 12-channel head coil as signal re-
ceiver. Foam pads were used to restrict subjects’ head
motion.fMRI runs detecting Blood oxygenation level dependent
(BOLD) signal were acquired using a gradient-echo planar imaging
sequence with TR = 2000 ms; TE = 30ms; FA = 90; acquisition ma-
trix = 64 x 64; FOV=240mm x 240mm; thickness=5.0mm,;
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gap = 0mm; flip angle = 90°; voxel size = 3.75 x 3.75 x 5 mm?®. Each
brain volume comprised 30 axial slices, and each functional-run
contained 205 volumes, with a total scan time of 414 s. During the
scan all participants were instructed to lie still with their eyes
closed, not to think of anything and not to fall asleep.

Data preprocessing

R-fMRI data preprocessing was performed using the SPM8 package
(http://wrww filion.uclac.uk/spm/software/SPM8) and DPARSF soft-
ware (http://resting-fmrisourceforgenet/). The processing steps
mainly included: conversion of DICOM data to NIFTI format; removal
of the first ten time points from each subjects’ data; slice timing cor-
rection; realignment to the middle image; spatial normalization to
the Montreal Neurological Institute (MNI) echo-planar imaging tem-
plate; resampling of each voxel to 3x3x3 mm?® and spatially
smoothed at 4mm full width at half maximum (FWHM). The
smoothed data were temporally bandpass filtered (0.01-0.1Hz) to re-
duce the effect of low-frequency drift and high-frequency noise.
Finally, the nuisance signals involving six head motion parameters,
global mean signal, cerebrospinal fluid signal and white matter sig-
nal were regressed out from the filtered data. The resultant residuals
were used for further functional connectivity analysis.

Whole-brain FCS analysis

We performed a voxel-wise whole-brain functional connectivity
analysis on the preprocessed R-fMRI data. This method has been
used in several previous studies (Buckner et al., 2009; Liang et al.,
2013). Briefly, for each participant we first computed the Pearson’s
correlations between the residual time series of all pairs of brain
voxels, resulting in an individual functional connectivity matrix.
This analysis was confined within a gray-matter mask
(Nyoxels =40 716) which was generated by multiplying a thresh-
olded prior gray-matter probability mask (a threshold of 0.2) with
a prior automated anatomical labeling atlas (Tzourio-Mazoyer
et al., 2002). Then, for a given voxel, i, we calculated its rFCS using
the equation (Buckner et al., 2009; Liang et al., 2013):

1 Nyoxels

FCS(l) = ———
: (1) Nyoxels — 1

Zij, Tjj >To (1)
LA
where z; was the Fisher’s Z-transformed version of correlation
coefficient, r;, between voxel i and voxel ;, and 1, was a correl-
ation threshold that was employed to eliminate weak correl-
ations possibly arising from noise (here, ro=0.2). Notably, taking
account of the shift in the distribution of correlation coefficients
introduced by the removal of global signal (mainly the presence
of negative correlations) which can make biological interpret-
ation ambiguous (Murphy et al., 2009; Weissenbacher et al., 2009),
we restricted our explorations to positive correlations above a
threshold of ry, =0.2, as in previous studies (Buckner et al., 2009;
Wang et al., 2014). We also evaluated the effects of other correl-
ation thresholds (ry,=0.1 and 0.3) on our main findings. Prior to
statistical analysis all resulting individual rFCS maps were spa-
tially smoothed with a 4 mm FWHM of the Gaussian kernel.

Correlation analysis between FCS map and shyness

To determine the relationship between the FCS and individual
shyness measurements, a voxel-wise multiple linear regression
analysis was conducted as follows:

FCS = By + f1 x age + f, x gender + fi; x shy + f,
x (gender x shy) + s x CSTAI — T + g x LSAS +¢

In this model, the LSAS and CSTAI-T scores were used as
covariates to remove effects of related anxiety. Given that the
shyness scales were highly correlated with either social anxiety
scales or trait anxiety scales (see Results), we also performed
the voxel-wise regression analysis without considering the
LSAS and CSTAI-T as covariates to avoid removing the overlap-
ping component of anxiety and shyness. The significance of re-
sulting statistical maps for each f; was set at a corrected value
of P<0.05. Correction for multiple comparisons was performed
by Monte Carlo simulations (Ledberg et al., 1998) using the AFNI
AlphaSim program (http://afni.nih.gov/afni/docpdf/AlphaSim.
pdf). A correction significance level of 0.05 was obtained with a
combined P < 0.05 and the cluster size > 1809 mm?®.

Validation analysis

To further evaluate if our results are influenced by threshold se-
lection and head motion during scan we conducted the follow-
ing procedures.

Effects of different correlation thresholds

While computing FCS, we utilized a single correlation coeffi-
cient threshold (ry, = 0.2) to reduce the contributions of spurious
correlations possibly arising from signal noise. To determine
whether our main results depended on the choices of different
correlations thresholds, we recomputed FCS maps using two
other different correlation thresholds (i.e. rs, =0.1, 0.3) and per-
formed the statistical analysis.

Effects of head motion

Head motion has been considered as a confounding factor on
resting-state functional connectivity in the recent literature
(Power et al., 2012; Satterthwaite et al., 2012; Van Dijk et al., 2012).
In this study, we therefore performed another statistical ana-
lysis with head motion (the root mean squares of both overall
head motion displacement and rotation) as an extra covariate
in the multiple regression model.

Results

A total of 61 healthy young adults were included in this study.
Shyness scores of the entire sample were normally distributed
(Shapiro-Wilk normality test, P=0.205). There were no signifi-
cant sex differences in age and scale measures. For all subjects,
the mean CBSS scores were 37.31 (range = 15-65, s.d. =2.42), the
mean LSAS scores were 40.68 (range =1-88, s.d. =22.58) and the
CSTAI-T were 40.72 (range =20-64, s.d.=10.71). The detailed
demographic and behavior characteristics of the participants
are provided in Table 1. We found that the shyness scores were
significantly correlated with both social anxiety scores (LSAS:
r=0.376, P=0.003) and trait anxiety scores (CSTAIT-T: r=0.257,
P=0.046). In the males, shyness scores were not significantly
correlated with LSAS (r=0.340, P=0.071) and CSTAIT-T
(r=0.119, P=0.540); in contrast, in the females shyness scores
were significantly correlated with LSAS (r=0.506, P=0.003) and
CSTAIT-T (r=0.444, P=0.011). Because a focus of the study was
to establish potential sex differences in the impact of shyness
on neural networks, and in view of the fact that there was a
trend for women to have lower scores than men on the CBSS
(P=0.079), we also carried out an item-based analysis. This re-
vealed a significant difference for the question ‘I am socially
somewhat awkward’ with males scoring much higher than fe-
males (3.10 vs 2.34, P=0.009) and for the question ‘I am more
shy with members of the opposite sex’ (3.34 vs 2.56, P =0.037).
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Figure 1 presents the spatial distribution of the average rFCS
values across the 61 participants included in this study. Regions
with high rFCS were primarily located in the posterior cingulate
cortex, anterior cingulate cortex/medial prefrontal cortex, infer-
ior and superior parietal cortex, visual cortex and insula, which
was largely consistent with previous R-fMRI studies (Buckner
etal., 2009; Zuo et al., 2012; Liang et al., 2013; Wang et al., 2014).

To explore the correlation between rFCS and shyness scores,
a multiple regression analysis was performed with age, sex,
sex-by-shyness interaction, LSAS and CSTAI-T scores as covari-
ates. Significant sex differences (regression coefficient, pBy;
male >female) in rFCS were found in many brain regions,
including bilateral anterior cingulate cortex/medial frontal cor-
tex, bilateral orbitofrontal gyri, bilateral inferior frontal gyrus
and bilateral insula (Figure 2A and Table 2).

A statistically significant positive association between
shyness and rFCS (regression coefficient f;) was found in
the left insula (P <0.01, cluster size =105 voxels, peak MNI co-
ordinates (x=—45, y=-3, z=9, t=4.32; Figure 2B and Table 2).

Table 1. Demographic characteristics of participants
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Interestingly, we found a significant shyness-by-sex interaction
(regression coefficient f,) in the dorsal anterior cingulate cortex
(dACC), the right insula and the right ventral anterior cingulate
cortex and ventral medial prefrontal cortex, namely subgenual
anterior cingulate (Cg25) or Brodmann area 25 (Figure 2C and
Table 2). Notably, these regions showed significant positive cor-
relations in rFCS with shyness scores in females but negative
correlations in males.

When social and trait anxiety were not included as covari-
ates the same regions were still found (Figure 3 and Table 3).
However, several additional regions were also observed to show
significant gender (left superior temporal gyrus) and shyness
(right superior orbitofrontal cortex, right superior temporal
gyrus, left postcentral cortex) effects and a shyness-sex inter-
action (right middle temporal gyrus and right middle frontal
gyrus; Figure 3 and Table 3).

Finally, our main findings were largely preserved after con-
sidering the effects of different correlation thresholds and head
motion corrections (data not shown).

Subjects Male Female Total p? Age or score range
Gender (M/F) 29 32 61 — —

Age (m *+s.d.) 22.13+1.90 21.68 =1.99 21.90+1.94 0.371 19-27

CBSS 40.24 £ 12.64 34.65*+11.79 37.31+12.42 0.079 15-65

LSAS 37.31+18.89 43.75 +25.38 40.68 + 22.58 0.263 1-88
CSTAI-T 40.51+11.73 40.90 +9.88 40.72 +10.71 0.889 20-64

CBSS, Cheek and Buss Shyness Scale; LSAS, Liebowitz Social Anxiety Scale; CSTAI-T, the Chinese State-Trait Anxiety Inventory (Trait version).
#Age and the behavioral scores were compared between males and females using two-sample t-tests.

Fig. 1. Average regional FCS maps. Regions with high FCS were primarily located in the posterior cingulate cortex, anterior cingulated cortex/medial prefrontal cor-
tex, inferior and superior parietal cortex, visual cortex and insula. The maps were obtained by averaging FCS maps across all 61 subjects and were visualized by using
in-house BrainNet Viewer software (Xia et al., 2013). The color bar represents rFCS values.
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A Sex Effect
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Fig. 2. A voxel-wise rFCS regression analysis on sex, shyness and interaction effects while controlling the LSAS and CSTAI-T as covariates. (A) Significant sex differ-
ences were observed in rFCS in the bilateral anterior cingulate cortex/medial prefrontal cortex, bilateral orbitofrontal gyri, bilateral inferior frontal gyri and bilateral in-
sula. The color bar represents t values of group differences in rFCS. (B) The most significant correlation between shyness and rFCS was found in the left insula
regardless of gender. (C) Sex-by-shyness interaction was mainly located in the dACC, insula and subgenual cingulate (Cg25). Scatter plots show significant positive cor-
relations in females and negative correlations in males. The maps were visualized by using in-house BrainNet Viewer software (Xia et al., 2013).

Table 2. Brain regions using a voxel-wise rFCS regression analysis with controlling the LSAS and CSTAI-T scores as covariates

Correlation Brain regions Voxel Peak coordinates Peak intensity P
X y z

Gender effect R Anterior Cingulate/Medial frontal gyrus 550 15 43 -21 4.32 <0.001
R Inferior orbital frontal cortex 152 36 36 -3 3.29 <0.001
L Insula 171 —42 57 -3 3.13 <0.005
R Superior frontal gyrus 961 15 54 21 3.77 <0.001
RInsula 98 36 -9 3 3.19 <0.005
L Superior frontal gyrus 114 =27 51 36 3.66 <0.001

Shy effect LInsula 105 —45 -3 9 4.32 <0.01

Interaction effect R Anterior Cingulate 215 3 15 51 -3.21 <0.005
RInsula 112 39 -3 -9 —3.46 <0.005
R Medial frontal gyrus(Cg25) 190 15 45 -21 -3.86 <0.005

Discussion

Using R-fMRI and a data-driven rFCS analysis, we found that
shyness is positively associated with the rFCS in the insula re-
gardless of sex. Intriguingly, we demonstrated that the rFCS
properties associated with shyness are sex related: positive cor-
relations between rFCS and shyness were observed in the dACC

and the insula [two core nodes in the salience network (SN)] as
well as in the subgenual cingulate cortex (Cg25) in females,
whereas negative correlations were found in males. These re-
sults provide the first evidence that intrinsic connectivity net-
works might reflect the sex-divergent neural architectures that
support fundamental aspects of human shyness.
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Fig. 3. A voxel-wise rFCS regression analysis without controlling the LSAS and CSTAI-T as covariates. (A) Significant sex differences were observed in rFCS in the right an-
terior cingulate cortex/medial frontal cortex, right orbitofrontal gyrus, left superior temporal gyrus and bilateral insula. The color bar represents t values of group differ-
ences in rFCS. (B) The most significant correlation between shyness and rFCS was found in the right superior orbital frontal cortex, left insula, right superior temporal
gyrus and left postcentral cortex, regardless of sex. (C) Sex-by-shyness interaction was mainly located in the right Cg25, right insula, right middle temporal gyrus, right
middle frontal gyrus and right dACC. Scatter plots in part B showed significant correlations between FCS and shyness scores, whereas scatter plots in part C showed sig-
nificant positive correlations in females and negative correlations in males. The maps were visualized by using in-house BrainNet Viewer software (Xia et al., 2013).

Table 3. Brain regions using a voxel-wise rFCS regression analysis without controlling the LSAS and CSTAI-T scores as covariates

Correlation Brain regions Voxel Peak coordinates Peak intensity P
(t value)
X y

Gender effect R Anterior Cingulate/ Medial frontal gyrus 611 15 45 -21 4.28 <0.001
R Superior frontal gyrus 1186 15 54 21 3.88 <0.001
R Inferior orbital frontal cortex 151 42 30 -9 3.46 <0.001
L Insula 155 -33 48 -15 3.18 <0.005
L Superior temporal gyrus 79 -39 -3 -12 2.95 <0.005
RInsula 161 36 -9 3 3.26 <0.001
Shy effect R Superior orbital frontal cortex 113 -12 27 -21 3.59 <0.001
LInsula 114 —42 0 6 3.50 <0.001
R Superior temporal gyrus 133 54 -33 18 3.39 <0.001
L Postcentral cortex 115 —54 -21 27 2.82 <0.005
Interaction effect R Medial frontal gyrus(Cg25) 264 15 45 -21 -3.81 <0.001
RInsula 157 39 -3 -9 -3.54 <0.001
R Middle temporal gyrus 69 42 —66 18 —4.21 <0.001
R Middle frontal gyrus 73 21 45 36 -3.28 <0.001
R Anterior Cingulate (extend to Supplementary motor area) 229 3 15 51 -3.17 <0.005
Shyness often emerges as an independent factor in factor view that shyness should be considered as distinct characteris-
analysis and can be treated as a distinct trait (Paulhus and tic despite a degree of behavioral correlation with anxiety meas-
Trapnell, 1998), albeit significantly correlated with both social ures. However, given the similarity between some of the items
and trait anxiety. Our results reveal specific intrinsic brain net- in the shyness and social anxiety scales (Yang et al., 2013), we

works associated with shyness, lending further support to the further ran a voxel-wise regression analysis without including
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social and trait anxiety as covariates to avoid removing the
common components in shyness and anxiety traits. Our results
confirmed a similar pattern of regions involved as with shyness
alone although with the addition of the orbitofrontal cortex, su-
perior temporal gyrus and postcentral cortex. The insula often
show highly correlated brain activity with the orbitofrontal cor-
tex, as well as superior temporal gyrus, and together they are
purported to show mirroring properties, producing the constel-
lation of anxiety related symptoms that characterize impair-
ments in reciprocal social interactions (Cattaneo and Rizzolatti,
2009). Our results show that an expanded shyness construct
involving the anxiety component engages the insula network
even more extensively than shyness alone. It provides strong
evidence supporting the specificity of intrinsic brain alterations
underlying shyness as distinct from social anxiety although
also for some overlap between the two traits.

The increased strength of functional connectivity in the in-
sula which was specifically associated with shyness was im-
portant for distinguishing individual differences in shyness.
Recent studies have suggested that regions with high FCS may
play a critical role for the efficient integration of specific differ-
ent systems via minimizing the number of steps to connect
with other regions (Tomasi and Volkow, 2012). As a key compo-
nent of the ‘limbic integration cortex’, the insula has efferent
projections to the amygdala, ACC, lateral orbitofrontal cortex,
olfactory cortex and superior temporal sulcus (STS), and re-
ceives input from orbito-frontal cortex, olfactory cortex, ACC
and STS (Menon and Uddin, 2010). This pattern of extensive
interconnectivity exhibited by the insula node allows it to play
an important integrative role in monitoring, processing and in-
terpreting external salient stimuli and interoceptive changes
(Augustine, 1996; Menon and Uddin, 2010). Shy individuals may
experience fluctuations in bodily state (e.g. blush, increased
heart rate and heart rate variability) when meeting strangers,
and experience negative emotions leading them to engage in
self-referential somatic-cognitive interpretations (Critchley
et al., 2005). The insula also serves as an integral hub in media-
ting dynamic interactions between other large-scale networks
involved in externally oriented attention, internally oriented or
self-related cognition and also motor responses to salient stim-
uli. In line with this, our previous resting fMRI study found
increased functional connectivity between the insula and pre-
central gyrus and inferior parietal lobule in shyness (Yang et al.,
2013), perhaps reflecting enhanced unconscious attention and
motor responses such as involuntary mouth or face move-
ments. The core integrative function of the proposed insula
node is also supported by anatomical evidence. For example,
white matter pathways between insula and the parietal cortex
(Uddin and Menon, 2009) and frontal cortex (Wiech et al., 2014)
have recently been demonstrated. Thus, our finding of a posi-
tive correlation between rFCS in the insular cortex and shyness
may provide the physiological substrate that links autonomic
arousal and experience and regulation of social emotion and
cognition in shyness, and also works as an integral hub for
switching to other brain networks to facilitate dedication of fur-
ther attentional and other resources to processing salient
stimuli.

Importantly, our data show that the rFCS patterns related to
shyness are dependent on sex in the dACC, and the insula,
which are two interconnected hubs in the SN. The SN network
plays a crucial role in switching between central-executive and
default-mode networks. Critically, both the dACC and the insula
contain a unique class of neurons called von Economo neurons
(VENSs), which have large diameter axons to facilitate rapid

transmission of signals from these two nodes signals (Menon
and Uddin, 2010). Thus VENs may constitute the neuronal basis
for the core function of theses two key nodes in the SN. Within
the SN, the dACC is involved in conflict monitoring in the en-
gagement of cognitive control, whereas the insula is involved in
generating the signals to trigger hierarchical control (Kerns
et al., 2004; Sridharan et al., 2008). Considering the sex difference
in these two nodes, the dACC node is more frequently reported
in women than in men and this difference is related to with-
drawal-related behavior, such as be worrying about potential
problems and shyness with strangers (Pujol et al., 2002). For the
insula node, a previous functional imaging study demonstrated
a female predominant response during negative memory re-
trieval (Piefke et al.,, 2005). Thus, these regions with increased
FCS value may be the functional hubs in the brain SN where sex
differences in processing external salience stimuli occur
(Bonnelle et al., 2012). These sex differences could be associated
with the maturation of the human brain, because network ex-
pansion occurs earlier in females than in males up until late
adolescence and can influence neural connectivity and integra-
tion by functional specialization and anatomical underpinning
of this network (Zielinski et al., 2010).

Another key region related to the sex-by-shyness interaction
effect is located in the subgenual cingulate cortex (Cg25). This
area shares predominantly ipsilateral anatomical connections
with the amygdala, orbitomedial prefrontal cortex, nucleus
accumbens and subiculum (Ongur et al., 2003). Possibly abnor-
mal synaptic interactions between Cg25 and these connected
areas may contribute to dysfunction in the ventral ‘emotion’ cir-
cuit network associated with mood disorders (Drevets et al.,
2008). Previous studies have reported increased Cg25 activity in
women relative to men in response to pain (Derbyshire et al.,
2002) and negative affective pictures (Wrase et al., 2003).
Notably, a meta-analysis study has demonstrated Cg25 as one
of key regions more commonly activated in women than in
men during emotional activation paradigms (Wager et al., 2003).
Moreover, Cg25 has been recognized to be involved in modulat-
ing anxiety, fear and other negative mood states (Etkin et al.,
2011), and is implicated in the pathogenesis of psychiatric dis-
orders (Butler et al., 2005). Indeed, we found previously that uni-
polar depression patients showed decreased activation in Cg25
during a pretreatment depressed state (Lui et al., 2009; Zhang
et al., 2009; Du et al., 2012). Moreover, dysfunction in this target
region disappeared after treatment with fluoxetine, deep brain
stimulation and cognitive behavior therapy (Mayberg et al,
2000, 2005; Siegle et al., 2006). In relation to the emotional hyper-
reactivity theory of shyness (Yang et al., 2013), the observation
that increased FCS of this area is associated with the degree of
shyness may reflect an enhanced sensitivity and response bias
to negative social stimuli similar to the inability to suppress
negative affect seen in mood disorders. Thus, the increased FCS
of the Cg25 node maybe the basis for pathologically enhanced
salience information processing. These previous observations,
together with the current results, suggest that the Cg25 acts as a
sex related core network node involved in shyness.

Although we showed sex differences in functional connect-
ivity associated with overall shyness scores, there were no over-
all significant behavioral differences between males and
females. Nonetheless, there were some indications of sex differ-
ences in specific CBSS items: males being significantly more so-
cially awkward and also more shy when meeting members of
the opposite sex. Thus shy males may be more strongly charac-
terized by feelings of awkwardness in social situations, particu-
larly involving members of the opposite sex, whereas perhaps
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for females feelings of anxiety rather than awkwardness may
predominate. A sex-specific difference in shy-bold animal per-
sonality has been demonstrated in birds (Dall, 2004), suggesting
that a sex difference in this trait may have ecological and evolu-
tionary significance. In humans, earlier behavior studies sug-
gested that shyness in girls was associated with positive
outcome at both home and school whereas the opposite was
true for boys (Chen et al., 1998, 2011). This difference may reflect
cultural expectations and socialization patterns according to
sex, such that some degree of inhibition/shyness and increased
responsivity may be considered ‘gender appropriate’ in girls,
but not encouraged in boys. In line with this, we did find that
shyness was only positively coupled with brain connectivity in
females. Our findings are also in accordance with a previous re-
port of increased Electroencephalography (EEG) activation in
shy females when processing emotional stimulus (Theall-
Honey and Schmidt, 2006). However, behavioral studies on sex-
specific shyness effects have produced inconsistent results.
Although both sexes share a similar symptomatology, the cues
evoking the various symptoms of shyness may be processed dif-
ferently in terms of salience and conflict resolution outcomes.
The subtle behavioral differences observed here, together with
inconsistent findings across other studies, suggest the need for
caution in interpreting the potential functions of sex differences
and indicate the need for further task-dependent fMRI studies
to help resolve this question.

Our current study suggested that that the rFCS in the whole-
brain functional networks is related to the degree of shyness;
however, the underlying structural basis of shyness remains
unclear. In future studies it will be important to combine R-fMRI
with other modalities (e.g. diffusion tensor imaging and struc-
tural MRI) to clarify structure-function relationships in the brain
associated with shyness. Several recent studies have demon-
strated that brain regions with higher rFCS (i.e. brain hubs)
show higher rates of cerebral blood flow and cerebral glucose
metabolism (Liang et al., 2013, Tomasi et al., 2013). It might
therefore be important to explore the metabolic basis underly-
ing rFCS in shyness. Finally, further research comparing brain
connectivity patterns in healthy shy subjects with those of indi-
viduals with psychiatric disorders such as social anxiety dis-
order and depression, could be important to clarify the
boundary between them and trait shyness.
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