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Abstract

High rates of comorbidity between depression and anxiety are frequently observed.
However, few studies have investigated the relationship between depression and
social interaction anxiety using a dimensional approach. The current study aimed to
explore the associations between depression and social interaction anxiety with a
multivariate approach in a comparably large dataset (n = 194, 95 males). All partici-
pants completed a structural and a resting-state functional magnetic resonance imag-
ing (fMRI) scan and self-report measures of depression via Beck's Depression
Inventory Il and social interaction anxiety by social interaction anxiety scale. Voxel-
based morphometry (VBM) results first identified grey matter volumes of insula were
positively correlated with depression dimension scores. Next, whole brain seed-to-
voxel analyses were conducted using a VBM-identified insula as a seed region to
examine associations between depression/social anxiety and functional connectivity.
The results suggested that a significant positive effect of depression/social anxiety
was found on the connectivity between insula and dorsal lateral prefrontal cortex
(dIPFC). Moreover, variations in depression meditated the association between
insula-dIPFC connectivity and social interaction anxiety. Overall, the results indicate
that individual differences in depression relate more to insula-dIPFC coupling com-

pared to social interaction anxiety.
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1 | INTRODUCTION

Depression characterized by persistent feelings of sadness and loss of
interest is regarded as the most burdensome disease in the world
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(World Health Organization, 2008). It was originally considered as a
mood disorder of the middle-aged and the elderly; however, recently
more and more teenagers and young adults are suffering from depres-
sion and seeking treatment (Mueller, 1989). A recent study showed
the prevalence of depression among Chinese university students was
28.4% (95% Cl: 25.7%-31.2%) (Gao et al., 2020). A large number of
fMRI studies have shown that depressed individuals exhibit greater
activity in the amygdala, dorsal anterior cingulate cortex, and insula
compared to healthy participants (Hamilton et al., 2012). Some meta-
analysis have also identified abnormal insula activity in depressive
individuals (Fitzgerald et al., 2008). Moreover, hopelessness is one of
the core features of depression, and insula activity is correlated with a
higher level of hopelessness (Wiebking et al., 2014). The insula is reg-
arded as a key component of the salience network (SN) and is
suggested to provide both a structural and functional link between
psychological and physiological processes of social affective experi-
ence and emotion regulation (Koban & Pourtois, 2014).

of comorbidity (around 19.5%-74.5%; Zhao
et al., 2020) have been found between depressive and social anxiety

High rates

disorders (Keller, 2006), indicative of shared common symptoms/etiol-
ogy, such as social function deficits (Saris et al., 2017), as well as vul-
nerabilities and emotion dysregulation (Ladouceur et al., 2005).
Disruptions to emotion regulation contribute to both depression and
anxiety disorders (Hofmann et al., 2012). On the other hand, some
studies have suggested some distinct contributions with all four facets
of extraversion/positive emotionality (sociability, tendency to experi-
ence positive emotions, ascendance, and fun-seeking) being more
related to anxiety, whereas only low positive emotionality was more
related to depression (Naragon-Gainey et al, 2009; Wang
et al., 2012). Social anxiety disorder is characterized by a penetrating
fear of social evaluation situations (Clark & Wells, 1995) and is
defined as the fear and avoidance of meeting, interacting, and
expressing oneself with others (Kashdan, 2004), which can be mea-
sured by the Social Interaction Anxiety Scale (SIAS) and social phobia
scale (social interaction vs. situations involving observation by others)
(Heimberg et al., 1992; Safren et al., 1998). Insula dysfunction is not
only associated with severity of symptoms in major depression disor-
der (Wang et al.,, 2015) but also in anxiety (Paulus & Stein, 2006;
Shin & Liberzon, 2010; Simmons et al., 2011). In addition, the execu-
tive control network (ECN), including dorsolateral prefrontal cortex
(dIPFC), inferior parietal lobule (IPL), and dorsomedial prefrontal cor-
tex (dmPFC), is altered in anxiety (Xu et al., 2019) and depression
(Takamura et al., 2020; Tang et al., 2013; Yamamura et al., 2016).
These ECN regions are mainly involved in top-down cognitive regula-
tion (Power et al., 2011). In addition, patients with unipolar depression
have significantly altered functional connectivity between the anterior
insula and the ECN relative to control subjects (Ellard et al., 2018) and
functional connectivity between insula and one of ECN regions
(i.e., dIPFC) was associated with anxiety level (Zhang et al., 2019).
Although the neural systems implicated in the interaction between
anxiety and depression have been explored extensively, less is known
about the neural interaction between depression and social anxiety

using a dimensional approach. A dimensional approach is currently

widely used to provide quantitative indices of variance in symptoms
(Hudziak et al., 2007). This method can help us to investigate the rela-
tionship between dimensional preclinical depressive and social inter-
action anxiety symptoms. In other words, it is currently unknown
whether the insula or other regions play a role specifically in social
anxiety, depression, or negative experience.

Thus, we aimed to investigate the structural and functional con-
nectivity of neural substrates underlying how depression interacts
with social interaction anxiety. Neural anatomy associations were
conducted using voxel-based morphometry (VBM), which is a reliable
method to detect differences in individual personality traits and ana-
tomical changes (Ashburner & Friston, 2000), and altered functional
coupling was investigated using an fMRI resting-state approach (Gili
et al,, 2011; Liao et al., 2011). Furthermore, a mediation analysis was
performed to further confirm the brain pathway, which regulate the
relationship between depression and social interaction anxiety. Con-
sidering that some regions including insula and ECN regions are
involved in the detection of emotional salience and integration of sen-
sory, emotional, and cognitive information (Menon, 2011; Phillips
et al., 2003; Power et al., 2011), we hypothesized that individual varia-
tions in depression would be related to differences in structure and
functional connectivity of these emotion regulation regions. In addi-
tion, social anxiety is a risk factor for depression and plays an impor-
tant role in predicting the occurrence and development of individual
depression (Eng et al., 2001; Nordahl et al., 2018), so we further
hypothesized that some of these differences would be mediated by

social interaction anxiety.

2 | MATERIALS AND METHODS

21 | Participants

Two hundred volunteers were recruited (Zhou et al., 2021) and six
participants were excluded due to the technique issues of question-
naires, which resulted in a final sample of 194 participants (95 males;
age ranged from 18 to 26 years old, mean + SD: 21.43 + 2.16 years;
see Table 1) for further analyses. All participants were right-handed
and were free of any history of neurological or psychiatric disease. All
participants provided informed consent before participating in the
current experiment and were paid for their participation. The present
study had full approval from the local ethics committee at the Univer-
sity of Electronic Science and Technology of China and the procedure
was conducted according to the latest revision of the declaration of
Helsinki.

2.2 | Questionnaire measurements

Prior to MRI scanning, depression levels were assessed using the
Beck's Depression Inventory—2nd Edition (BDI-Il; Beck et al., 1996)
and social interaction anxiety using the SIAS, which reflects the levels

of social anxiety during the initiation and maintenance of social
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Total sample Female Male Statistics/p TABLE1  Demographics information
Subjects 194 99 95
Age (years) 2143+216 21.35+2.03 21.52 +2.28 0.521/.603%
BDI-II 7.11+6.29 7.35+6.43 6.85+6.14 -0.482/.630°
SIAS 53.26 £ 12.97 53.93 +12.71 52.57 +13.20 -0.933/.351°

Abbreviations: BDI-II, Beck's Depression Inventory - 2nd Edition; SIAS, Social Interaction Anxiety Scale.

?Independent t test.
PMann Whitney test.

interaction behaviors (i.e., talking to a stranger or maintaining friend-
ship) (Peters et al., 2012). Higher scores were associated with greater
symptoms of social interaction anxiety (Brown et al., 1997).
Cronbach's alpha measures in the present study showed good internal
consistency (BDI: 0.90; SIAS: 0.896).

2.3 | Brainimaging data acquisition

Imaging data were collected using a 3.0 T GE Discovery MR750 sys-
tem (General Electric Medical System, Milwaukee, WI) with an eight-
channel-phased array head coil. OptoActive MRI headphones (http://
www.optoacoustics.com/) were used to reduce acoustic noise expo-
sure during MRI acquisition (Roozen et al., 2008). High-resolution
T1-weighted anatomical images were acquired with a spoiled gradient
echo pulse sequence: echo time (TE) = minimum, flip angle = 9°, repe-
tition time (TR) = 5.9 ms, field of view (FOV) = 256 x 256 mm, acqui-
sition matrix = 256 x 256, thickness = 1 mm, number of
slices = 156. Seven-minute resting-state fMRI data were collected
using a T2*-weighted echo planar imaging (EPI) sequence
(TR = 2000ms, TE = 30ms, FOV = 240 x 240, image
matrix = 64 x 64, flip angle = 90° thickness = 3.4 mm,
gap = 0.6 mm, number of slices = 39 [interleaved ascending order]).
Participants were required to focus on a white cross with a black
background and keep awake during scanning, and none of them
reported being asleep in post-MRI follow-up.

2.4 | Dataanalyses

2.4.1 | Dataanalysis of brain structural data

The VBM analysis was preprocessed using CAT12 (r1720) (http://
SPM12  v7219
(Welcome Department of Cognitive Neurology, London, UK, https://
Briefly, T1-weighted
images were bias-corrected and were further segmented into gray
matter (GM), white matter (WM) and cerebrospinal fluid (CSF); GM
images were spatially normalized to Montreal Neurological Institute

www.neuro.uni-jena.de/cat/) implemented in

www.fil.ion.ucl.ac.uk/spm/software/spm12/).

(MNI) space with voxel size 2 x 2 x 2mm and were spatially
smoothed with 8 mm Gaussian kernels at full-width at half maximum
(FWHM). The total grey matter volume was used as a covariate at the

second level for regression.

Subsequently, a multiple regression analysis was performed to
identify the association between specific anatomical regions
(GM images) and interindividual difference in depression scores
using SNnPM13 toolbox (Statistical NonParametric Mapping). In this
model, we included age, gender, total GM as covariates of no inter-
est. The absolute threshold was set to 0.2 and a gray matter mask
from Data Processing & Analysis for Brain Imaging toolbox (DPABI,
http://rfmri.org/dpabi; Yan & Zang, 2010) templates was used as an
explicit mask.

24.2 | Dataanalysis of resting-state functional
connectivity

Resting-state functional time-series were preprocessed using DPABI
v6.0 (http://rfmri.org/dpabi; Yan & Zang, 2010). The first 10 volumes
were discarded to allow MRI T1 equilibration and active noise cancel-
ing by the headphones. Then the remaining functional images were
slice-timing corrected and realigned to the first image to correct for
head motion. Then these images were co-registered and segmented
into GM, WM, and CSF. All realigned images were normalized to
Montreal Neurological Institute (MNI) standard space and interpolated
to 3 x 3 x 3 mm voxel size. Next, six head movement parameters
and their derivatives, quadratic terms and squares of derivatives along
with the nuisance covariates including white matter, CSF, global signal
were regressed out (Yan et al., 2013). Finally, the influences of low-
frequency drift and high-frequency noise were restricted by a band-
pass filter (0.01-0.08 Hz). Resting data of all subjects are included
since head movements were <2 mm and 2° in all cases.

We aimed to examine whether depression dimensions were asso-
ciated with functional connectivity using the identified structural
region as seed region. The whole brain seed-to-voxel or seed-to-
network connectivity analyses were performed using DPABI. The
8-mm spheres centered at the peak coordinates of the VBM-
identified region served as the seed region of interest (ROI) based on
the current result of VBM analyses. Pearson's correlation between the
average BOLD signal time course from the seed region and the other
brain voxels was computed in the first-level analysis and resulted in
Fisher's r transformed to z maps. Consistent with our brain structural
analyses, a multiple regression in the group analysis was applied to z-
FC maps to investigate which functional coupling was significantly
associated with depression scores. Age, gender, and grey matter were

included as covariates and mean-centered.
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2.5 | Mediation analysis

In order to clarify the role of functional connectivity in the relation-
ship between depression and social interaction anxiety dimensions,
we utilized the PROCESS v35 plug-in of SPSS 25.0 statistics software
(Hayes, 2009) to employ a mediation analysis, with bootstrap-based
significance testing (5000 replacements, Hayes, 2017). In this media-
tion model, path a is the association between X and M, path b repre-
sents the association between M and Y and the indirect effect is the
product of path a times path b. Path c represents the total effect of
the relationship between X and Y ignoring the mediator (path
¢ = indirect effect + direct effect). Path c' as the direct effect repre-
sents the effect of X on the proposed mediator. An estimation of the
proportion mediated (PM) is reported, which indicates how much of
the total effect operates through the mediator (Ananth, 2019).

3 | RESULTS

3.1 | Behavioral results

Social interaction anxiety scores (ranged from 20 to 89) were normally
distributed in our sample (Shapiro-Wilk z = 0.990, p = .206), but depres-
sion scores (ranged from O to 27) were not (Shapiro-Wilk z = 0.893,
p <.001) (Whisman & Richardson, 2015). Thus, we conducted a non-
parametric permutation correlation test (10,000 permutations) to identify
the relationship between social interaction anxiety and depression. The
results indicated that depression was significant positively correlated
with social interaction anxiety (rho = 0.3391, p < .001). No significant
correlations were found between age and depression (rho = —0.042,
p = .564) or age and social interaction anxiety (tho = —0.058, p = .423).
In addition, Mann Whitney test suggested there were no significant sex
differences in depression (z = —0.482, p = .630) or in social interaction
anxiety (z = —0.933, p = .351, see Table 1).

3.2 | Structural basis associated with depression

To investigate the structural basis underlying depression, we per-

formed a multiple regression analysis to identify the correlation

0.2 0.3 0.4
GM volumes of insula

between GM volumes and depression, including age, gender, GM as
covariates. VBM results indicated that GM volumes in the right insula
(MNI center coordinates: 42, 7, 15; cluster size = 185 voxels; peak-
level Pewe <0.05, T = 4.59) were significant positively associated with
depression scores (see Figure 1).

3.3 | Functional connectivity results

Based on our VBM results, we conducted functional connectivity ana-
lyses between the VBM-identified insula seed ROl and other brain
regions at a whole brain level. The results showed that depression
scores were significant positively associated with the functional con-
nectivity between insula and dorsal lateral prefrontal cortex (dIPFC;
MNI center coordinates: —30, 48, 6; cluster size = 41 voxels;
Prwe <0.005, cluster-level, T = 4.71). Furthermore, insula-dIPFC func-
tional connectivity was also significant positively correlated with
social interaction anxiety (r = .181, p = .011).

3.4 | Mediation results

Mediation analysis showed that depression score mediated the rela-
tionship between the insula-dIPFC functional connectivity and social
interaction anxiety (path a = 0.339, p < .001; path b = 0.309, p < .001;
path ¢ = 0.181, p = .011; path ¢' = 0.077, p = 0.30; indirect
effect = 0.105; PM = 58%; see Figure 2) with 5000 bootstrap samples.

4 | DISCUSSION

The present study employed a dimensional approach in a large healthy
sample to determine the relationship between trait depression and
brain volumetric changes, as well as the interaction between depres-
sion and social interaction anxiety in terms of resting state functional
connectivity between the anatomy-identified insula and dorsal lateral
prefrontal cortex. A positive correlation was found between depres-
sion scores and insula GM volume suggesting that higher levels of
depression were associated with greater insula volume. In addition,

the functional connectivity between the anatomy identified insula
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seed region and dIPFC was also positively associated with both
depression and social interaction anxiety scores and depression medi-
ated the relationship between social interaction anxiety and insula-
dIPFC coupling. In summary, our findings suggest that insula-dIPFC
connectivity contributed more to depression dimensions than to social
interaction anxiety.

In the current study, we found a positive association between
GM volumes in insula and depression scores. Our findings are in line
with previous studies showing that depression disorders exhibit
greater GM volumes as compared to healthy controls (Kong
et al,, 2014; Qi et al.,, 2014; Wang et al., 2017). In addition, positive
correlations between translocator protein density in insula and
depression severity in individuals with major depressive episode
(Setiawan et al., 2015) and between anterior insula GM volume and
psychiatric symptom severity (Hatton et al., 2012) were found,
suggesting that larger GM volumes in insula are associated with more

severe psychiatric symptoms (i.e., depression). The insula has been
implicated in information processing through cognitive control and
attentional processes and in the switch between external and internal
cognition (Craig & Craig, 2009; Menon & Uddin, 2010). Greater GM
volume in insula may be involved in the early stage of major depres-
sive disorder and is not likely to be the result of medication exposure
(Kong et al., 2014). Although some studies have reported inconsistent
results showing a negative correlation between insula GM volume and
depression in older patients (Lai & Wu, 2014) or late-onset major
depression (Hwang et al., 2010), or no associations (Takahashi
et al., 2010), this may due to the longer illness durations or medication
use (Serra-Blasco et al., 2013).

In our current study, functional connectivity between insula (key
component of SN) and dIPFC was associated with both depression
and social interaction anxiety, with hyper-connectivity found in indi-
viduals with higher depressive/anxiety symptoms. The dIPFC is
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thought to play an essential role in top-down emotion regulation and
so this may indicate an overattribution of affective salience to internal
events, that is, negative depressive/anxious thinking during the
resting-state condition. In addition, electroconvulsive therapy can nor-
malize abnormal functional connectivity between the insula and
dIPFC, which suggests that altered connectivity may be a biomarker
for the antidepressant effects of the therapy (Wang et al., 2020).

A previous study conducted a mediation analysis showing that
insula volume partially mediated the association between depression
(or anxiety) and sleep quality separately, suggesting a key role for the
insula in depression or anxiety and shared common symptoms (Yin
et al., 2021) Considering this, our mediation analysis revealed that
stronger insula-dIPFC functional connectivity was associated with
higher scores in social interaction anxiety, but crucially also due to
higher scores in depression, which further emphasizes the key role of
insula-dIPFC functional connectivity in depression rather than in social
interaction anxiety. In addition, hopelessness is one of the strong pre-
dictors of suicidal behaviors in major depression disorder (Sokero
et al., 2003) and the scores are higher compared to generalized anxi-
ety disorder and more highly correlated with depression than anxiety
(Beck et al., 1988). Our findings therefore suggest that insula-dIPFC
functional connectivity may be a specific biomarker for depression.
However, we only focused on healthy participants in the current
study and these findings need be confirmed in clinical populations in
the future.

Furthermore, depression mediates the relationship between
insula-dIPFC functional connectivity and social interaction anxiety,
indicating that depression contributed more than social interaction
anxiety to this functional connectivity. Future clinical studies, espe-
cially in anxious relative to nonanxious depression, are needed to
examine this functional connectivity and its relationship with symp-

tom severity.

5 | CONCLUSIONS

Overall, the current study used a dimensional approach to investigate
the neural basis of depression and its relationship with social interac-
tion anxiety. Our results suggest that higher grey matter volume in
the insula is associated with higher depression scores and that func-
tional connectivity of the insula-dIPFC is positively correlated with
both depression and social interaction anxiety. Furthermore, depres-
sion mediates the relationship between insula-dIPFC functional con-
nectivity and social interaction anxiety, indicating that depression
contributed more than social interaction anxiety to this functional
connectivity. Future clinical studies, especially in anxious relative to
nonanxious depression, are needed to examine this functional connec-

tivity and its relationship with symptom severity.
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