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Objective: Catastrophizing is commonly co-occurrence with anxiety in somatic symptom 
disorder (SSD). However, the quantitative relationship between catastrophizing and anxiety 
in SSD and its underlying neuropsychopathology remains unclear.
Methods: To address the issue, twenty-eight SSD patients and twenty-nine healthy controls 
(HCs) completed the Hamilton anxiety scale and the catastrophizing subscale of the cogni-
tive emotion regulation questionnaire. Then they underwent structural magnetic resonance 
imaging and voxel-based morphometry analysis was performed to obtain gray matter density 
(GMD) of the dorsomedial prefrontal cortex (dmPFC).
Results: Independent samples t-tests showed no significance between SSD patients and HCs 
in the scores on the catastrophizing subscale and GMD of the dmPFC. However, correlation 
analysis found that catastrophizing was significantly positively associated with anxiety in 
SSD. Further, mediation analyses revealed that GMD of the dmPFC (bilateral medial 
Brodmann area 8) mediated the relationship between catastrophizing and anxiety in SSD.
Conclusion: These findings support Kirmayer’s disease model of SSD that catastrophic 
interpretations of somatic symptoms resulted in increased anxiety and demonstrate that the 
dmPFC may be a potential neural site linking catastrophizing and anxiety in SSD.
Keywords: somatic symptom disorder, dorsomedial prefrontal cortex, catastrophizing, 
anxiety, mediating effect

Introduction
Somatic symptom disorder (SSD) is a novel disease definition in the 5th Diagnostic 
and Statistical Manual of Mental Disorders (DSM-5) based on a reorganization of 
somatoform disorder (SFD) diagnoses in DSM-IV. Individuals with SSD are char-
acterized by disproportionate thoughts about the seriousness of somatic symptoms 
which may medically unexplained, and have persistently high level of anxiety about 
health or somatic symptoms. Even though their somatic symptoms may be 
improved or disappeared, their state of being symptomatic is persistent.1 Unlike 
SFD overemphasized the centrality of medically unexplained symptoms, the diag-
nostic criteria of SSD incorporated affective, cognitive, and behavioral components. 
This change provides a more comprehensive and accurate reflection of the clinical 
condition, but meanwhile, brings research gaps about the relationships among 
different kinds of symptoms.
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Recently, researchers found SSD patients have multiple 
cognitive dysfunctioning including information proces-
sing, attention, memory, planning and flexibility.2,3 SSD 
patients possibly regard normal bodily sensations as phy-
sical illness because of catastrophic interpretations. Due to 
the impaired cognitive flexibility, they stubbornly evaluate 
their somatic symptoms as excessively threatening, harm-
ful, or troublesome and frequently think the worst about 
their health. In such case, catastrophizing is reckoned as 
a possible cause that leading to increased emotional arou-
sal and anxiety in SSD.4 However, the relationship 
between catastrophizing and anxiety in SSD has been little 
quantitatively studied because previous relationship stu-
dies were somatization-centred.

On the other side, some researchers have shown inter-
est in the mechanism of the catastrophizing-anxiety rela-
tionship. Hofmann found that perception of control over 
anxiety mediated the relation between catastrophizing and 
social anxiety.5 Fergus and Valentiner discovered that cat-
astrophizing was only associated with health anxiety at 
high levels of intolerance of uncertainty.6 Bailey and 
Wells revealed that the effect of catastrophizing on health 
anxiety was explained by the proposed interaction with 
metacognition.7,8 However, these explores just considered 
the mediating role of sociopsychological factors. The 
underlying neuropsychopathology of the catastrophizing- 
anxiety relationship in SSD remains unknown.

Recent research demonstrated that the dmPFC has 
a role in cognitive regulation of emotion.9–11 The dor-
somedial prefrontal cortex (dmPFC) is a section of the 
prefrontal cortex which mainly including the medial part 
of Brodmann area (BA) 8 and 9.12–14 It is a cerebral 
territory that acts as a conduit between cognitive control 
regions and emotional arousal provoking areas.15 

Particularly, using a classical fear-conditioning paradigm, 
Raczka et al found that healthy subjects carried the 
NPSR1 T allele exhibited stronger conditioned stimuli- 
evoked brain activity in the dmPFC and the dmPFC acti-
vation was correlated with participants’ fear 
evaluations.16 Utilizing a guided hyperventilation task, 
Holtz et al revealed that participants showed an increased 
activation in the dmPFC during anticipation of hyperven-
tilation and the dmPFC activation were positively corre-
lated with the trait-like tendency to catastrophize about 
somatic symptoms.17 These results suggested that the 
dmPFC was likely the key neural substrate for catastro-
phizing of fear reactions16 and played a vital role in the 
catastrophizing-related process of anxiety generation. 

However, these studies only involved the dmPFC’s func-
tional activities and based on healthy subjects. Whether 
the dmPFC’s structural factors engaged in the catastro-
phizing-anxiety relationship in SSD patients is still 
unclear.

Collectively, the catastrophizing-anxiety relationship in 
SSD have not been quantitatively identified and the neurop-
sychopathology underlie this relationship still remains 
unclear. To solve these problems, patients with SSD and 
age-, gender-, education-matched healthy controls (HCs) 
were recruited. Catastrophizing and anxiety data were col-
lected from scale evaluation, and gray matter density (GMD) 
of subregions in bilateral dmPFC were calculated from MRI 
image. Accordingly, we hypothesized that: 1) SSD patients 
adopted more strategies of catastrophizing than HCs; 2) lower 
GMD of the dmPFC would be observed in SSD patients as 
compared with HCs; 3) catastrophizing was related to anxiety 
in SSD; and 4) the catastrophizing-anxiety relationship in 
SSD was mediated by GMD of the dmPFC.

Participants and Methods
Participants
This cross-sectional study enrolled 34 SSD patients who 
visited the Department of Psychological Medicine at 
Renji Hospital Affiliated to Shanghai Jiaotong 
University School of Medicine from March 2017 to 
June 2020, and 33 HCs were enrolled via advertisements 
posted in nearby communities. All patients were treat-
ment-naive while met the diagnostic criteria for SSD in 
DSM-5. The diagnosis was validated by two qualified 
psychiatrists. Besides, all patients complied with the 
following inclusion criteria: a) ages between 18 and 65 
years; b) right-handed. Participants with a diagnosis of 
uncontrolled somatic diseases, drug or substance abuse, 
presence of other mental diseases, current pregnancy, 
stroke within the past twelve months, cancer within the 
last three years, and contraindications for MRI were 
exempted. Of these participants, 28 SSD patients and 
29 HCs had obtained complete clinical and MRI data. 
This study was approved by the local Ethics Committee 
of Renji Hospital Affiliated to Shanghai Jiaotong 
University School of Medicine (KY2020-152) and fol-
lowing the stated guidelines. All participants read and 
signed informed consent documents prior to the experi-
ment and all procedures were conducted in accordance 
with principles expressed in the Declaration of Helsinki.
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Clinical and Psychological Assessment
The Hamilton Anxiety Scale (HAMA) (Hamilton, 1959) 
was used to measure the anxiety of participants. The 14 
items HAMA have two subscales. The psychic subscale 
addresses mental agitation and psychological distress and 
the somatic subscale is focusing on somatic complaints 
related to anxiety. To exclude the impacts of somatic 
symptoms on the relationships between catastrophizing 
and anxiety. These two subscales were separately used as 
research target (dependent variable) and control variable 
(covariate) in the present study. Catastrophizing was 
assessed by the Cognitive Emotion Regulation 
Questionnaire (CERQ). There are four items in the 
CERQ (Item-29: I often think that what I have experienced 
is much worse than what others have experienced; Item- 
30: I keep thinking about how terrible it is what I have 
experienced; Item-31: I keep thinking about how terrible it 
is what I have experienced; Item-32: I continually think 
how horrible the situation has been), which are specifically 
designed to assess catastrophizing and this subscale is 
reliable (Cronbach’s α=0.79) in its Chinese version.18

MRI Data Acquisition and Processing
All MRI data were collected on a Signa HDxt 3T scanner 
(GE Healthcare, USA) in the Department of Radiology at 
Renji Hospital Affiliated to Shanghai Jiaotong University 
School of Medicine. An eight-channel standard head coil 
with foam padding was employed to control head motion. 
During scanning, the participants were instructed to remain 
motionless, stay awake, eyes closed, and thinking nothing. 
Structural MRI data were collected using an 3D T1- 
weighted fast spoiled gradient recalled sequence: repetition 
time = 5.6 ms, echo time = 1.8 ms, inversion time = 450 ms, 
flip angle = 15°, field of view = 256 mm x 256 mm, matrix = 
256 x 256, slice thickness = 1.0 mm, gap = 0, number of 
slices = 156. Voxel-based morphometry (VBM)19,20 was 
utilized to calculate the gray matter density (GMD). VBM 
analyze finished in the Statistical Parametric Mapping 
(SPM12) toolbox including the following cardinal steps: 
segmented the images to get the gray matter, white matter, 
and cerebrospinal fluid;21 normalized (voxel size = 2mm) 
the images into Montreal Neurological Institute (MNI) 
space template brain22 by the Diffeomorphic Anatomical 
Registration Through Exponential Lie Algebra (DARTEL) 
method;23 smoothed the images using Gaussian kernel 
approach (FWHM = 8 mm). Then, the Brainnetome Atlas 

(BNA)24 was used to extract GMD value of 4 subregions in 
the dmPFC (bilateral medial part of BA 8 and 9).12,13

Statistical Analysis
Statistical analyses were performed using SPSS 24.0 and 
statistical level was set at 0.05. Independent samples t-test 
was utilized to investigate the difference in catastrophizing 
scores and GMD of 4 subregions in bilateral dmPFC 
between SSD patients and HCs. Correlation analysis par-
tialled out gender, age, education, course, and somatic 
complaints was used to ascertain the relationship between 
catastrophizing scores and psychic anxiety scores. 
Mediation analyses were employed to investigate whether 
the dmPFC mediated this catastrophizing-anxiety relation-
ship. Catastrophizing scores was taken as independent 
variable (X), psychic anxiety scores as dependent variable 
(Y), and GMD of each subregion in bilateral dmPFC as 
mediation variable (M), to build 4 single-mediator media-
tion models. Linear regression analyses were operated to 
investigate catastrophizing’s effect on the dmPFC 
(X→M), the dmPFC’s effect on anxiety (M→Y), and 
catastrophizing’s direct effect on anxiety (X→Y), 
respectively25 (Figure 1). X→M and M→Y simulta-
neously significant was considered M has a mediating 
effect between X and Y.25 Then, a resampling-based 
p-value adjustment procedure recommended by 
MacKinnon et al26,27 was conducted by the PROCESS 
v3.5 macro28 in SPSS. The PROCESS using 
a nonparametric bootstrapping method which calculated 
M’s indirect effect between X and Y (Figure 1), and 
a bootstrap estimate of 95% confidence intervals (CI) for 
the indirect effect. The indirect effect was considered 
statistically significant when CI did not include “0”. In 
this study, analyses were carried out using 5000 bootstrap 
samples. All mediation analyses procedures were adjusted 
for gender, age, education, course, and somatic complaints.

Results
Demographic, Clinical and Psychological 
Characteristics, and GMD of the dmPFC 
of Participants
As shown in Table 1, there were no significant group differ-
ences in gender, age, and education. The level of psychic 
anxiety (t = 2.216, p = 0.031) and somatic complaints 
(t = 5.780, p ≤ 0.001) of SSD patients were significantly higher 
than HCs. However, no significant difference in scores of 
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catastrophizing on the CERQ and GMD of 4 subregions in the 
dmPFC between SSD patients and HCs was found.

Relationship Between Catastrophizing 
and Anxiety in SSD
Figure 2 shows the results of correlation analysis. After 
gender, age, education, course, and somatic symptoms 
were partialled out, catastrophizing scores of the CERQ 
was significantly and positively related to psychic scores 
of the HAMA (r = 0.416, p = 0.049).

Mediation Effect of the dmPFC on the 
Relationship Between Catastrophizing 
and Anxiety
Table 2 illuminates the mediation analyses results of 4 
models. Linear regression analyses detected no significant 
results of catastrophizing’s effect on the dmPFC and the 
dmPFC’s effect on anxiety simultaneously in any model. 

However, indirect effect analyses found that GMD of 
lBA8m (β = −0.126, 95% CI = [−0.322, −0.013], 
Figure 3A) and rBA8m (β = −0.100, 95% CI = [−0.272, 
−0.004], Figure 3B) in the dmPFC mediated the relation-
ship between catastrophizing scores of the CERQ and 
psychic scores of the HAMA, even when gender, age, 
education, course, and somatic symptoms were adjusted.

Discussion
In the present study, we examined if SSD patients adopted 
more strategies of catastrophizing and have lower GMD of 
the dmPFC, then we investigated whether catastrophizing 
was related to anxiety in SSD and whether the dmPFC 
played as a mediator in this relationship. There were two 
main findings: 1) catastrophizing was significantly posi-
tively associated with anxiety in SSD patients; 2) GMD of 
bilateral medial BA 8 in the dmPFC mediated this 
relationship.

First, we repeated the catastrophizing-anxiety relation-
ship in SSD patients which consistent with previous stu-
dies in healthy subjects and anxiety disorder 
patients.6–8,29,30 Catastrophizing was considered as 
a central characteristic of anxiety disorders31 and reck-
oned as a reason increased emotional arousal and anxiety 
in Kirmayer’s disease model of SSD.4 Studies have 
shown that catastrophizing and anxiety were co-existed 
in SSD patients32–34 and both improved by 
psychotherapy.34 Particularly, a cognitive-behavioral ther-
apy study found that the pre-post changes in pain cata-
strophizing and the pre-post changes in state anxiety was 
positively correlated in SSD patients with predominant 

Figure 1 The schematic diagram of mediation analyses.

Table 1 Demographic, Clinical and Psychological Characteristics, and GMD of the dmPFC of Participants

SSD Patients; Mean (SD) HCs; Mean (SD) t/χ2 p

Gender (male:female) 14:14 13:16 0.200a 0.654

Age (years) 40.667 (11.488) 42.208 (11.995) −0.495 0.623
Education (years) 13.143 (3.135) 13.517 (3.280) −0.440 0.661

Course (months) 66.464 (85.599) – – –

HAMA-psychic 4.393 (2.266) 2.724 (3.305) 2.216 0.031
HAMA-somatic 3.929 (2.340) 0.690 (1.854) 5.780 ≤0.001

CERQ-catastrophizing 8.821 (3.163) 8.552 (2.983) 0.331 0.742

GMD of lBA8m (MNI: −5,15, 54) 0.564 (0.054) 0.578 (0.144) −0.502 0.619
GMD of rBA8m (MNI: 7, 16, 54) 0.540 (0.051) 0.565 (0.133) −0.963 0.342

GMD of lBA9m (MNI: −5, 36, 38) 0.583 (0.057) 0.592 (0.153) −0.299 0.766

GMD of rBA9m (MNI: 6, 38, 35) 0.566 (0.057) 0.587 (0.151) −0.684 0.499

Note: aChi-Square test. 
Abbreviations: BA, Brodmann area; CERQ, cognitive emotion regulation questionnaire; dmPFC, dorsomedial prefrontal cortex; GMD, gray matter density; HAMA, 
Hamilton anxiety scale; HCs, healthy controls; l, left; m, medial; MNI, Montreal Neurological Institute (coordinate); r, right; SD, standard deviation; SSD, somatic symptom 
disorder.
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pain.35 As a supplement, the present study found that 
catastrophizing was significantly positively associated 
with anxiety in SSD patients, that is, SSD patients with 
more catastrophic interpretations of somatic symptoms 
have a higher level of anxiety. Accompanied by previous 
studies, this result provided an initial quantitative evi-
dence about the psychological mechanism and supported 
Kirmayer’s theoretical model of SSD. And based on the 
present result, we suggested to pay more attention to the 
catastrophic thinking of SSD patients in the process of 
psychotherapy.

Second, mediation analyses revealed that GMD of the 
dmPFC (bilateral medial BA 8) mediated the catastrophiz-
ing-anxiety relationship in SSD patients. On one side, 
numbers animal and human studies have demonstrated 
that the dmPFC participated in the process of anxiety. 
Cocaine withdrawal induced heightened anxiety in rats 
was accompanied by an altered reactivity of the 

dmPFC36 and neurotoxic lesion of the dmPFC could 
reverse rats’ high anxiety-like behavior.37 Artificial anxi-
ety in healthy human participants was associated with the 
dmPFC-amygdala coupling38,39 and transcranial magnetic 
stimulation at the dmPFC enhanced the evoked anxiety 
responses.40 On the other side, several studies have found 
that the dmPFC were involved in the cognitive process of 
anxiety. Functional MRI study of healthy human subjects 
showed that threat cues signaling risk of future electrical 
shock activated the dmPFC.41 Moreover, the dmPFC acti-
vation was correlated with participants’ fear evaluations16 

and the trait-like tendency to catastrophizing of somatic 
symptoms.17 By mediation analyses, the present study 
revealed that the dmPFC mediated the relationship 
between catastrophizing and anxiety in SSD patients for 
the first time. That is, catastrophizing of somatic symp-
toms was accompanied by structural variation of the 
dmPFC which involved in pathological anxiety in SSD 
patients. This result strengthened the assumption that the 
dmPFC acted as a conduit between cognitive control 
regions and emotional arousal provoking areas.15

However, contrary to our anticipation, no difference in 
catastrophizing and GMD of the dmPFC between SSD 
patients and HCs were found in the present study. It is 
found that SSD patients had more pain catastrophizing33 

and SSD patients with predominant somatization had more 
catastrophizing.32 Unlike previous study focus on 
a specific symptom, SSD patients in this study had differ-
ent kind of somatic symptoms including pain and somati-
zation. We thought SSD symptoms variation plus 
relatively small sample might be a possible explanation 
to this result. No study associated GMD of the dmPFC 
with SSD before. In related disease, adolescents with 
medically unexplained functional neurological symptoms 
showed increased gray matter volume of the dmPFC;42 

however, patients with generalized anxiety disorder had 
reduction of gray matter volume of the dmPFC.43 Because 
SSD included certain kind of medically unexplained 

Table 2 GMD of the dmPFC Mediates the Catastrophizing-Anxiety Relationship in SSD

Mediator Catastrophizing→Mediator Mediator→Anxiety Direct Effect Indirect Effect

β p β p β p β 95% CI

GMD of lBA8m −0.382 0.072 −0.217 0.041 0.445 0.008 −0.126 [−0.322, −0.013]
GMD of rBA8m −0.361 0.091 −0.236 0.090 0.418 0.014 −0.100 [−0.272, −0.004]

GMD of lBA9m −0.336 0.117 −0.299 0.209 0.388 0.024 −0.069 [−0.249, 0.062]

GMD of rBA9m −0.333 0.120 −0.169 0.414 0.364 0.037 −0.045 [−0.223, 0.096]

Abbreviations: BA, Brodmann area; CI, confidence intervals; dmPFC, dorsomedial prefrontal cortex; GMD, gray matter density; l, left; m, medial; r, right; SSD, somatic 
symptom disorder.

Figure 2 The relationship between catastrophizing and anxiety in SSD. 
Abbreviations: CERQ, cognitive emotion regulation questionnaire; HAMA, 
Hamilton anxiety scale; SSD, somatic symptom disorder.
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somatic symptoms and anxiety symptoms, the two existing 
related research results were inconsistent and contradic-
tory. So, more researches are needed to find out the truth.

Limitations
The present study has several limitations. First, this 
study involved a relatively small sample because indivi-
duals with SSD prefer other medical settings to psychia-
tric departments.1 There are inevitably some biases in 
the present study. Second, catastrophizing and GMD of 
the dmPFC in SSD patients showed no difference com-
pared with HCs which might limit the clinical signifi-
cance of this study. Third, as a preliminary study, we 
only investigated the mediating effect of structural fac-
tors of the dmPFC. Further research should include 
functional factors to gain a more comprehensive under-
standing of the dmPFC in the neural mechanism of 
SSD. Fourth, this study was cross-sectional, so direc-
tionality can only be inferred. Prospective longitudinal 
studies should be designed to confirm the causal rela-
tionships among the dmPFC structural alteration, cata-
strophizing, and anxiety in SSD.

Conclusion
The present study confirmed a significantly positive 
relationship between catastrophizing and anxiety in 
SSD. Further, we revealed that GMD of the dmPFC 
(bilateral medial Brodmann area 8) mediated this cata-
strophizing-anxiety relationship. These findings sup-
ported Kirmayer’s disease model of SSD about 
catastrophic interpretations of somatic symptoms 
resulted in increased anxiety and demonstrated that the 
dmPFC may be a potential neural site linking catastro-
phizing and anxiety in SSD.
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