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Background: Adolescent patients with depressive disorders commonly exhibit 
somatic symptoms, which have a significant negative impact on their treatment 
and prognosis. Despite this, specific brain imaging characteristics of these 
symptoms have been poorly studied.

Methods: The Hamilton Depression Rating scale (HAMD-17), Children’s 
Functional Somatization scale (CSI), and Toronto Alexithymia scale (TAS) were 
used to evaluate the clinical symptoms of adolescent depression. We analyzed 
the correlation between brain gray matter volume (GMV) and clinical symptoms 
in adolescent patients with depression and somatic symptoms.

Results: The depression subgroups with and without functional somatic 
symptoms (FSS) had higher scores on the HAMD-17, CSI, and TAS than the normal 
control group. The group with FSS had higher HAMD-17, CSI, and TAS scores than 
the depression group without FSS (p  <  0.05). CSI and TAS scores were positively 
correlated (r  =  0.378, p  <  0.05). The GMV of the right supplementary motor area 
was higher in the depression groups with and without FSSs than in the normal 
control group, and the GMV was higher in the group without FSS than in the group 
with FSS (F  =  29.394, p  <  0.05). The GMV of the right supplementary motor area 
was negatively correlated with CSI in the depressed group with FSS (r  =  −0.376, 
p  <  0.05). In the group with depression exhibiting FSS, CSI scores were positively 
correlated with GMV of the middle occipital gyrus (pr  =  0.665, p  =  0.0001), and TAS 
scores were positively correlated with GMV of the caudate nucleus (pr  =  0.551, 
p  =  0.001).

Conclusion: Somatic symptoms of adolescent depressive disorder are associated 
with alexithymia; moreover, somatic symptoms and alexithymia in adolescent 
patients with depressive disorders are correlated with GMV changes in different 
brain regions.
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Introduction

Major depressive disorder (MDD) is one of the most common 
psychiatric disorders, and an epidemiological survey conducted in China 
in 2019 showed a lifetime prevalence of depressive disorder of 6.9% (1). 
The prevalence of depression is rising in lower age groups; an 
epidemiological survey conducted in China in 2022 among school 
students (aged 6–16 years) showed a prevalence of 3.2% for depressive 
disorders (2). Adolescent-onset depression has a high recurrence rate and 
symptom severity, as well as a high risk of suicide throughout the lifespan 
(3). This disorder severely affects patients’ social functioning, such as 
academic and interpersonal relationships (4). The clinical manifestations 
of depressive disorders are complex and diverse and mainly include three 
dimensions: affective, cognitive, and somatic symptoms (5). Studies have 
shown that approximately 70% of patients with depressive disorders 
exhibit somatic symptoms (6). Somatic symptoms are positively correlated 
with the severity of depression and negatively impact the course of 
depressive disorders (7). Functional somatic symptoms (FSS) are a group 
of somatic symptom clusters with unknown pathogenesis that mostly 
occur in children and adolescents (8). An epidemiological survey 
published in 2008 showed that 10–30% of children and adolescents in the 
United States have functional somatic symptoms (9). The detection rate 
of these symptoms among children and adolescents in urban Nanjing in 
China was 7.6% in 2018, with those in the lower age group showing more 
somatic symptoms than children in the higher age group and with boys 
showing more symptoms than girls (8).

A large body of research has been conducted to demonstrate 
the close relationship between somatic symptoms and mood 
disorders, such as depression and anxiety, in children. A 2012 
study confirmed a clear correlation between depression and FSS 
(10). In the depressed child-adolescent population, somatic 
symptoms are reported twice as often as in the normal population 
(6). Somatic symptoms in childhood predict somatic and 
depressive symptoms, suicidal behavior, and other psychological 
problems in adulthood (11). Somatic symptoms are positively 
correlated with depression severity and suicidal ideation in patients 
with depression and may prolong the course of the disease (12). 
Moreover, somatic symptoms are a predictor of clinical outcomes 
in patients with depressive disorders; the more severe the 
symptoms, the worse the antidepressant efficacy (13). Studies have 
found that alexithymia is closely related to the somatic symptoms 
of depressive disorders (14) and that patients with depression have 
impairments related to sensory, comprehensive, and internal body 
signal integration (15). This misprediction of internal feelings 
affects the motivational behavior of individuals with depression, 
and the disconnection between these two processes can lead to 
somatic symptoms and alexithymia (16). However, the specific 
pathogenesis of depressive disorders with somatic symptoms in 
adolescents remains unclear.

Magnetic resonance imaging (MRI) studies of the brain have 
found that somatic symptoms of depressive disorders correspond to 
different brain regions. For example, fatigue is associated with brain 
regions such as the prefrontal cortex, striatum, and cerebellum (17), 
and sleep and appetite are associated with the hypothalamus and 
basal ganglia (18). Studies of somatic symptoms, internal perceptual 
abnormalities, and changes in brain function in patients with 
depressive disorders have found that dorsomedial insula activation 
is negatively correlated with somatic symptoms and depression 

severity (19), whereas one study found that somatic symptom scores 
were positively correlated with gray matter volume (GVM) of the left 
inferior frontal cortex and negatively correlated with cerebellar 
vermis and right supplementary motor area (Supp Motor Area-R) 
(20). Compared to patients with adulthood-onset depressive 
disorders, there was a relative increase in GMV in the early-onset 
depression group, namely in the medial prefrontal cortex, insular 
cortex, and anterior hippocampus (21). Clinically, the detection rate 
of somatic symptoms in adolescents is estimated to be between 25 
and 75% (22), but only 5 to 7% of adolescents meet all the criteria 
for somatic disorders. Therefore, more appropriate scales are needed 
to assess the somatic symptoms of depression in adolescents (23).

Adolescence is a critical period of functional brain development that 
coincides with significant changes in physiological and social 
development. The maturation of the brain during adolescence includes 
both structural brain maturation and functional development (24); 
therefore, the somatic symptoms of adolescent depressive disorder may 
differ from those of adult depression. In summary, we hypothesized that 
somatic symptoms in adolescent depressive disorder may also 
be accompanied by corresponding structural brain abnormalities and 
investigated the neural mechanisms by examining the characteristics of 
cranial GMV in adolescent patients having depressive disorders with and 
without somatic symptoms and their correlation with clinical symptoms.

Materials and methods

Participants

This study consisted of 71 patients with adolescent depression 
who were hospitalized in the Department of Children and 
Adolescents of Anhui Mental Health Center, Hefei Fourth People’s 
Hospital, and 19 healthy participants. Patients with MDD were 
selected based on the following criteria: (1) meeting the diagnostic 
criteria for a major depressive episode in the Diagnostic and 
Statistical Manual of Mental Disorders, IV edition (DSM-IV); (2) 
Han nationality; and (3) age between 13 and 18 years. The exclusion 
criteria were as follows: (1) concomitant severe physical illness; (2) 
previous or current history of other DSM-IV axis I episodes; (3) 
previous history of severe alcohol and drug abuse; and (4) any 
contraindications for MRI.

The Children’s Somatization Inventory (CSI) was used to assess 
the presence of FSSs in the last 2 weeks after enrollment. Patients with 
adolescent depressive disorder were divided into two groups based on 
FSS presence (FSS group, n = 34 and non-FSS group, n = 37). The 
demographic data of the participants are presented in Table 1.

General demographic data and clinical 
characteristic assessment scales

 (1) Hamilton Depression Rating scale (HAMD-17) (25): This is a 
widely used clinical scale for the assessment of depressive 
symptoms. This version of the scale consists of 17 entries, 
including 5-factor scores for anxiety/somatization, cognitive 
impairment, weight, sleep disturbance, and blockage, and a final 
summary factor score, with higher scores indicating more severe 
depressive symptoms in the participant’s most recent week.
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 (2) The Children’s Somatization Inventory (CSI) (26): This involves 
the Functional Somatization Scale for Children, which was 
specifically designed to assess FSSs in children and adolescents. 
The Chinese version of this scale has 42 items, including four 
subfactors: gastrointestinal symptom, pain, cardiovascular 
symptom, and pseudoaneurysm. The score ranges between 0 
and 168, where a score greater than 19 and an entry greater 
than or equal to 11 were considered FSS.

 (3) The Toronto Alexithymia Scale (TAS) (27):It is a 26-item scale 
that includes four factors: the ability to describe emotions, the 
ability to recognize and distinguish emotions from somatic 
feelings, fantasy, and extroverted thinking.

MRI data acquisition

MRI scans were obtained using a 3.0-Tesla MR system 
(Discovery MR750w; General Electric, Milwaukee, WI, 
United States) with a 16-channel head coil. Before scanning, after 
being informed of the testing procedure and contraindications by 
the MRI room staff, all participants were asked to close their eyes, 
be quiet and relaxed, remain awake but not actively think, use a 
tight but comfortable sponge pad to hold their head in place, and 
lay flat on the scanner with nano noise-canceling earplugs to 
reduce noise. The scanning sequence and parameters for obtaining 
high-resolution 3D T1-weighted 3D structural images are as 
follows: time of echo (TE) = 3.2 ms; time of repeat (TR) = 8.5 ms; 
flip angle (FA) = 12°; field of view (FOV) = 256 mm × 256 mm; 
matrix size = 256 × 256; slice thickness (ST) = 1 mm, no gap; voxel 
size = 1 mm × 1 mm × 1 mm; 188 sagittal slices; and scanning time 
of approximately 6 min. Resting-state BOLD fMRI data were 
acquired using a gradient echo single echo planar imaging 
(GRE-SS-EPI) sequence with the following parameters: TE = 30 ms; 
TR = 2,000 ms; FA = 90°; FOV = 220 mm × 220 mm; matrix 
size = 64 × 64; ST = 3 mm, slice gap = 1 mm; 35 staggered axial slices; 
voxel size = 3 mm × 3 mm × 3 mm; 185 volumes; and a scan time of 
approximately 10 min.

GMV analysis

The 3D T1-weighted structural images were processed using the 
VBM8 toolbox1 implemented in Statistical Parametric Mapping 
software (SPM8).2 First, all structural images were segmented into 
gray matter, white matter, and cerebrospinal fluid density maps using 
a standard segmentation model. After the initial affine registration of 
the gray matter density map into the Montreal Neurological Institute 
(MNI) space, the gray matter density images were nonlinearly warped 
using the diffeomorphic anatomical registration through the 
exponentiated Lie algebra (DARTEL) technique (28). They were then 
resampled to a voxel size of 1.5 mm × 1.5 mm × 1.5 mm. The GMV map 
was obtained by multiplying the gray matter density map with the 
nonlinear determinants derived from the spatial normalization step. 
Finally, the resultant GMV images were smoothed using the full-width 
at the half maximum parameter of the Gaussian kernel with 
dimensions of 8 mm × 8 mm × 8 mm.

Statistical analysis

Statistical descriptive analyzes of demographic and behavioral 
data were conducted using SPSS software (version 23.0; SPSS; Chicago, 
IL, United States). The one-sample Kolmogorov–Smirnov test was 
used to test the normality of continuous variable data, and the 
measurement data conforming to a normal distribution were 
expressed as (x ± s). One-way ANOVA and chi-square tests were used 
to compare the demographic characteristics and clinical psychological 
scale scores of the three groups. Pearson correlation analysis was used 
for correlation analysis between clinical scales, and statistical 
significance was set at p < 0.05.

GMV data analysis

For the images obtained after VBM statistical analysis, a 
one-way ANOVA between groups was performed using SPM12 
software, with age, sex, and education as covariates. The data from 
three groups of participants were compared using a one-way 
ANOVA, with p < 0.05 (corrected for multiple comparisons) 
considered to be a significant difference [using the family-wise 
error (FWE) method for multiple comparisons]. The GMV of all 
participants was analyzed based on Pearson’s correlation with their 
clinical assessment scales at a statistical level of p < 0.05. Differences 
in brain regions of interest (ROI) were extracted from the three 
groups of participants.

General linear model analysis

The relationship between clinical symptoms and brain imaging 
parameters in patients with somatic symptoms in the depression 
group was explored. A general linear model designed using multiple 

1 http://dbm.neuro.uni-jena.de/vbm.html

2 http://www.fil.ion.ucl.ac.uk/spm

TABLE 1 Comparison of clinical data and clinical symptom scale scores 
among the three groups.

HC 
(n  =  19)

Non-FSS 
(n  =  37)

FSS 
(n  =  34)

X2/
F/t

P

Sex(male/

female)
4/15 7/30 8/26 0.226 0.893

Education 8.47 ± 1.78 8.21 ± 1.35 7.97 ± 1.46 0.785 0.459

Age 15.91 ± 1.92 15.21 ± 1.43 14.97 ± 1.54 2.437 0.093

Disease 

duration
/ 18.18 ± 17.01 17.73 ± 13.79 1.23 0.903

HAMD17 4.65 ± 1.87ab 15.94 ± 7.48c 21.79 ± 6.99c 49.747 <0.001

CSI 4.65 ± 1.84ab 30.68 ± 15.30c 21.79 ± 6.99c 75.469 <0.001

TAS 44.95 ± 8.24ab 74.03 ± 10.01c 80.64 ± 9.89 100.756 0.001

aWas compared with the group without FSS, p < 0.01; bwas compared with the group with 
FSS, p < 0.01; cWas compared with the FSS group, p < 0.01.
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regression in SPM12 software was used to identify any behaviorally 
significant correlation in voxel sizes of the GMV while controlling for 
sex, age, and education. Total intracranial volume (TIV) was an 
additional covariate for GMV. ROI-based analysis refers to the biased 
correlation analysis performed in SPSS while controlling for the 
above covariates.

Results

Comparison of sociodemographic and 
clinical information of the participants

The non-FSS group consisted of 37 individuals, including 7 male 
and 30 female individuals, who were 15.21 ± 1.35 years old and 
received education for 8.21 ± 1.35 years; the FSS group consisted of 
34 individuals, including 8 male and 26 female individuals, who 
were 14.97 ± 1.54 years old and received education for 
7.97 ± 1.46 years. The normal control group (NC group) consisted of 
19 individuals, including 4 male and 15 female individuals, who 
were 15.91 ± 1.92 years old and received education for 
8.47 ± 1.78 years. No statistically significant differences were 
observed between the three groups in terms of sex, age, and 
education (p > 0.05), and there was no statistically significant 
difference in disease duration between the two depressive subgroups 
(p > 0.05).

The total scores on the HAMD-17, CSI, and TAS were higher in 
the non-FSS and FSS groups than in the NC group, and the scores 
were greater in the FSS group than in the non-FSS group (p < 0.05), as 
shown in Table 1.

Comparative GMV in the three groups

After removing the effects of differences in covariates (sex, age, 
education, and TIV), there was a statistically significant difference 
between the three groups in the Supp Motor Area-R GMV (mass size: 
40 voxels, peak MNI coordinates x/y/z: 7.5/−25.5/55.5, peak T: 19.506, 
F: 21.087, p < 0.001), which was greater in both the FSS (0.49 + 0.16) 
and non-FSS groups (0.62 + 0.17) than in the NC group (0.32 + 0.11) 
based on post hoc multiple testing. In terms of depression subgroup 
comparison, the GMV was greater in the non-FSS group than in the 
FSS group (Figure 1; Table 2).

Correlation between brain ROI and clinical 
symptom scales

The Supp Motor Area-R was used as the brain ROI in the 
depression subgroup comparison, and correlation analysis between 
GMV and the scores of clinical symptom scales (HAMD-17, CSI, and 
TAS) of the participants in the two groups were extracted. The results 
showed that the GMV of the Supp Motor Area-R was negatively 
correlated with the total CSI score in the FSS group (r = −0.376, 
p < 0.05), but there was no significant correlation (p > 0.05) with the 
scores of HMAD-17 and TAS. There was no significant correlation 
between the scores of the above-mentioned scales in the non-FSS 
group (p > 0.05; Table 3).

Correlation between clinical scales

Analysis of clinical scales (HAMD-17, CSI, and TAS) in 
adolescents with depression showed a positive correlation between 
CSI and TAS scores (r = 0.378, p < 0.001).

Correlation between GMV and clinical 
scales in the FSS group

Further analysis of the correlation between GMV and clinical 
symptom scale (CSI and TAS) scores in the FSS group, when 
controlling for covariates such as sex, age, education, and TIV, showed 
that CSI score was positively correlated with GMV in the middle 
occipital gyrus (Occipital Mid; mass size: 31 voxels, peak MNI 
coordinates x/y/z: 31.5/−72/25.5, peak T: 3.41, pr = 0.665, p = 0.0001) 
and that TAS score was positively correlated with the GMV in the 
caudate nucleus (clump size: 153 voxels, peak MNI coordinates x/y/z: 
−7.5/16.5/−6, peak T: 5.768, pr = 0.551, p = 0.001; Figures 2, 3).

Discussion

We found that the two adolescent depression subgroups (FSS and 
non-FSS groups) had greater GMV in the Supp Motor Area-R than 
the normal group, suggesting an increase in GMV of the Supp Motor 
Area-R in patients with adolescent depressive disorder relative to that 
of the healthy control group. Moreover, GMV was greater in the 
non-FSS group than in the FSS group. Previous studies have shown a 
reduction in GMV of the left hippocampal and cingulate gyri and 

FIGURE 1

Comparison results of VBM images in the right supplementary 
exercisearea of the three groups of subjects (color bar represents 
t value).

TABLE 2 Comparison of GMV in the right supplementary motor area 
among the three groups.

HC 
(n  =  19)

Non-FSS 
(n  =  37)

FSS 
(n  =  34)

F P

GMV 0.32 + 0.11ab 0.62 + 0.17c 0.49 + 0.16 21.087 <0.001

aWas compared with the group without FSS, p < 0.01; bWas compared with the group with 
FSS, p < 0.01; cWas compared with the FSS group, p < 0.01.
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thalamus and a decrease in gray matter concentration of the right 
inferior frontal and medial gyri in adults with depression compared 
to that in healthy controls (29). Compared to healthy participants, 
adolescents with depression had reduced GMV of the left middle 
temporal, right superior temporal, right middle temporal, and left 
superior frontal gyri and left and right precunei (30). This finding 
suggests that patients with depressive symptoms tend to have reduced 
GMV. However, in a study conducted by Shen Zonglin et  al. 101 
unmedicated adults with depression having their first depressive 
episode were divided into early-onset (18–29 years), mid-onset 
(30–44 years), and late-onset (45–60 years) groups, and corresponding 
healthy controls according to age were included. They found that 
GMV of the left thalamus, right lingual gyrus, cuneus, and cerebellum 
were reduced in the early-onset group compared with that in the 
young control group, while the GMV of the right middle frontal gyrus 
was reduced in the mid-onset group compared with that in the young 
control group. In the middle-onset group, the GMV of the right 
middle frontal gyrus decreased compared with that in the middle-
aged control group. In the late-onset group, the GMV of the right 
middle temporal, right lingual, and left cingulate gyri and bilateral 
cerebellum decreased compared with that in the old-aged control 
group; moreover, the GMV of the right amygdala was greater in this 
group than in the old-aged control group (31). Increases in GMV of 

the medial prefrontal cortex and insular cortex, as well as the anterior 
hippocampus, were found in the adolescent-onset depression group 
relative to that in those with adult-onset depressive disorder (21). It is 
suggested that whole-brain GMV changes are inconsistent in adult 
patients with depression with different ages of onset and that different 
pathophysiological mechanisms may exist in these patients (21, 31).

In this study, not only was there a difference between the FSS and 
non-FSS depression groups in terms of Supp Motor Area-R GMV, and 
it was also negatively correlated with the CSI score (r = −0.376, 
p < 0.05) but not with the HAMD-17 score. In the FSS group, a positive 
correlation was found between the CSI score and GMV of the 
Occipital Mid. A study published in 2021 showed significantly lower 
regional homogeneity (ReHo)and amplitude of low-frequency 
fluctuation(ALFF)values in the bilateral precentral, bilateral 
postcentral, and left paracentral gyri in the somatic MDD group than 
in the depression-only group, and correlation analyzes showed that 
ReHo and ALFF values in these abnormal regions were negatively 
correlated with the severity of somatic and depressive symptoms (32). 
In a study of other clinical symptoms of depression, the volume of the 
left insula and the left triangular part of the inferior frontal gyrus was 
found to be reduced in the depressed group without anxiety compared 
with that in the normal group, and the depressed group with anxiety 
showed greater GMV in the midbrain, medial prefrontal cortex, and 
primary motor/somatosensory cortex and greater frontal GMV than 
in the group without anxiety (33). In depressed patients with psychotic 
symptoms, anterior insular GMV was not associated with depression 
severity, but left anterior insular GMV was significantly associated 
with total and positive symptom severity of psychosis (34). A 2016 
study found differences in brain area activity when reflecting on 
pictures of different faces in patients with different clinical subtypes of 
reality-depersonalization disorder. Results showed that the 
differentiated regions for depressive symptoms were the right occipital 
nucleus (happy) and the left amygdala (sad); for somatic symptoms, 
they were in the right temporal cap (happy) and the ventral striatum 
(sad); and for the state of anxiety, the differentiated regions were the 

TABLE 3 Correlation analysis of GMV in the supplementary exercise area 
and clinical scale in the depression group with and without FSS.

Non-FSS组 FSS组

r p r p

HAMD17 −0.338 0.051 0.303 0.082

CSI −0.376 0.029 0.263 0.134

CTQ −0.302 0.099 0.077 0.679

TAS −0.113 0.547 0.084 0.653

FIGURE 2

Correlation analysis between CSI score and middle occipital gyrus GMV in the depression group with somatization.
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left inferior frontal gyrus (happy) and the parahippocampal gyrus 
(sad). These results suggest that each clinical symptom may involve a 
functional brain system (35). In patients with somatization disorder, 
the severity of somatization was found to correlate with patients’ 
cingulate and sub-frontal-occipital tract anisotropy score values, 
suggesting that somatic symptoms may be associated with altered 
white matter integrity in the cingulate, sub-frontal-occipital tract, 
anterior thalamic radiation, and corticospinal tract and not just with 
GMV (36). These studies suggest that depressive and somatic 
symptoms in adolescent depressive disorder may affect different brain 
regions or result from the interaction of different brain regions. The 
Supp Motor Area-R and Occipital Mid may be  the brain regions 
associated with somatic symptoms in adolescent depressive disorder.

Alexithymia is a relatively stable personality trait that is often 
present in patients with certain psychiatric disorders involving 
difficulty in identifying emotions or describing and communicating 
with others, lack of emotion-related fantasies, and extroverted 
thinking (37). We found that both FSS and non-FSS groups had higher 
TAS scores than the NC group (p < 0.05) and that the CSI score was 
positively correlated with TAS scores (r = 0.378, p < 0.001). TAS scores 
were positively correlated with caudate nucleus GMV in the FSS 
group. Previous studies have suggested that patients with alexithymia 
disorder are unable to recognize their emotional disorders and express 
their emotions; therefore, they translate their bad emotions into 
somatic discomfort (38). Farah et al. showed that the amygdala is a 
brain region associated with alexithymia disorder, and increased 
volume of the right amygdala may contribute to the development of 
narrative disorder (39). A meta-analysis by Donges et  al. which 
included 22 alexithymia disorders, revealed deficits in the automatic 
processing of emotional stimuli at behavioral and neurobiological 
levels in patients with alexithymia disorders, showing that reduced 
levels of spontaneous insula activation in patients with alexithymia 
disorders attenuated their emotional responses and recognition (40). 
Alterations in brain structure or function cause individuals to 
deliberately avoid emotion-related stimuli, and reduced emotional 

activity leads to reduced function in emotion-related brain areas such 
that alterations in brain structure or function result in narrative 
affective disorders (41). Previous studies have found that caudate 
nucleus GMV is associated with insomnia symptoms and negative 
perceptions of depression (42). A 2015 study analyzed the dimensions 
and subtypes of alexithymia impairment by measuring gray and white 
matter volumes using voxel-based morphometry, with Type 
I (impairment in both dimensions) and Type II (impairment in the 
cognitive dimension) alexithymia impairment characterized by 
reduced volume in the left amygdala and thalamus, respectively. 
Cognitive dimension impairment was associated with reduced 
volumes in the right amygdala, left posterior insula, precuneus, 
caudate nucleus, hippocampus, and parahippocampus (43). Type III 
(impairment of the affective dimension but not of the cognitive 
dimension) alexithymia impairment is characterized only by the 
reduced volume of the middle cingulate cortex. The affective 
dimension impairment is further characterized by the increased 
volume of the anterior cingulate cortex, which provides evidence for 
distinct neuroanatomical representations of the different narrative 
impairment subtypes. In this study, CSI scores were found to 
be correlated with the TAS scores in adolescent depressive disorder 
and were positively correlated with the GMV of the caudate nucleus, 
suggesting a correlation between somatic symptoms and alexithymia 
disorder in patients with adolescent depressive disorder, but further 
differentiation of the correlation between different types of alexithymia 
disorder and specific brain regions is needed.

This study has some limitations. First, we studied healthy participants 
and patients with depression (with and without somatic symptoms), but 
somatic symptoms are a clinical symptom cluster, and the study did not 
distinguish between different somatic symptoms (pain, gastrointestinal 
symptoms, pseudoaneurysms, etc.). Somatic symptom clusters may have 
heterogeneity affecting the study structure, and further sample size 
expansion is needed in the future to compare brain imaging and cellular 
characteristics of different somatic symptom factors and correlations of 
inflammatory factors. Second, causality cannot be  inferred from this 

FIGURE 3

Correlation analysis between TAS score and caudate GMV in the depression group with somatization.
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cross-sectional design, especially when exploring interactions between 
psychology and brain imaging; longitudinal studies or studies with 
expanded sample sizes targeting interventions to improve depression and 
somatic symptoms need to be conducted in the future. The introduction 
of research methods such as mediation analysis may be  needed to 
determine the direction of causality. The third limitation of the study is 
that patients had different disease duration, number of episodes, and 
antidepressant treatments involving different medication doses and types, 
physical therapy (transcranial magnetic stimulation), and psychotherapy. 
These differences in disease duration and treatment modalities may have 
affected the study results. Future studies on unmedicated patients with the 
first episode are needed to validate the preliminary results of this study.

In conclusion, we found that the HAMD-17 and TAS scores in the 
FSS group were greater than those in the non-FSS group and that the 
CSI score was positively correlated with HAMD-17 and TAS scores. 
The GMV of the Supp Motor Area-R was greater in the depression 
subgroups (FSS and non-FSS groups) than in the NC group; moreover, 
GMV was greater in the non-FSS group than in the FSS group. In the 
FSS group, the CSI score was negatively correlated with the Supp 
Motor Area-R and Occipital Mid GMV, while TAS scores were 
positively correlated with the GMV of the caudate nucleus. Therefore, 
somatic symptom impairment in adolescent patients with depression 
correlates with GMVs in different brain regions.
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