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The nucleus accumbens (NAc) plays an important role in the reward circuit, and abnormal 
regional activities of the reward circuit have been reported in various psychiatric disorders 
including somatization disorder (SD). However, few researches are designed to analyze 
the NAc connectivity in SD. This study was designed to explore the NAc connectivity 
in first-episode, drug-naive patients with SD using the bilateral NAc as seeds. Twenty-
five first-episode, drug-naive patients with SD and 28 healthy controls were recruited. 
Functional connectivity (FC) was designed to analyze the images. LIBSVM (a library for 
support vector machines) was used to identify whether abnormal FC could be utilized to 
discriminate the patients from the controls. The patients showed significantly increased FC 
between the left NAc and the right gyrus rectus and left medial prefrontal cortex/anterior 
cingulate cortex (MPFC/ACC), and between the right NAc and the left gyrus rectus and 
left MPFC/ACC compared with the controls. The patients could be separated from the 
controls through increased FC between the left NAc and the right gyrus rectus with a 
sensitivity of 88.00% and a specificity of 82.14%. The findings reveal that patients with SD 
have increased NAc connectivity with the frontal regions of the reward circuit. Increased 
left NAc-right gyrus rectus connectivity can be used as a potential marker to discriminate 
patients with SD from healthy controls. The study thus highlights the importance of the 
reward circuit in the neuropathology of SD.

Keywords: somatization disorder, functional connectivity, reward circuit, functional magnetic resonance imaging, 
support vector machine

INTRODUCTION

Somatization disorder (SD) is a psychiatric disorder characterized by multiple, recurrent, 
and clinically significant complaints of somatic symptoms. Patients with SD usually undergo 
numerous medical examinations without an accurate diagnosis. Consequently, their medical cost 
increases dramatically (1).

In recent years, neuroimaging techniques provide us with new ways to analyze changes of brain 
function and structure in psychiatric patients (2). Anatomical alterations and connectivities have 
been revealed in patients with SD using structural imaging techniques. For example, patients with 
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SD showed decreased fractional anisotropy in the right cingulum 
and right inferior fronto-occipital fasciculus (3). Atmaca et al. 
found that patients with SD had significantly small amygdala 
relative to controls (4). By contrast, increased bilateral caudate 
nuclei volumes have been detected in patients with SD compared 
with controls (5).

Previously, abnormal brain regional activities have been found 
in SD using functional neuroimaging methods. For example, 
patients with SD showed increased coherence-based regional 
homogeneity (Cohe-ReHo) in the left medial prefrontal cortex/
anterior cingulate cortex (MPFC/ACC) (6), and increased regional 
activity in the bilateral MPFC has been detected in patients 
with SD (7). Patients with SD also showed abnormal functional 
connectivity (FC) between the cingulate-insular network and 
sensorimotor network (SMN)/anterior default-mode network 
(DMN), between the posterior DMN and SMN, and between 
the anterior DMN and posterior DMN/SMN compared with 
healthy controls (8). Increased FC strength in the right inferior 
temporal gyrus (ITG) has been found in patients with SD (9). 
Moreover, patients with SD exhibited increased cerebellar-DMN 
connectivity, which was correlated to the somatization severity 
and personality (10). However, little attention has been focused 
on the dysconnectivity of the reward circuit in SD.

The reward circuit is a group of neural structures related to 
associative learning, incentive salience, and positive emotions 
(11). The mesolimbic reward circuit comprises the NAc, ventral 
tegmental area (VTA), prefrontal cortex (PFC), and hippocampus 
(12, 13). Located in the ventral striatum, the NAc is an important 
brain reward region that integrates different inhibitory and 
excitatory inputs to salience signal of rewarding stimuli (14). In 
a previous study, patients with SD presented hypoperfusion in 
the frontal and prefrontal areas using the single-photon emission 
computed tomography (SPECT) scan (15). Moreover, Hakala 
et al. revealed regional cerebral hypometabolism in the caudate 
nuclei, right precentral gyrus, and left putamen in patients with 
SD (16). These findings suggest that reward circuit is involved in 
the pathophysiology of SD.

SVM (support vector machine) is a supervised learning 
model with correlated learning algorithms that analyzes data 
used for regression and classification analysis (17). Given a pieces 
of training examples, an SVM training algorithm creates a model 
that deals new examples to one sort or the other, making it a non-
probabilistic binary linear classifier. SVM structures a hyperplane 
or set of hyperplanes in a high- or infinite-dimensional space, 
which can be applied for regression, classification, or other roles 
like outlier detection. In particular, SVM utilizes a training 
dataset to get differences between the patients and the controls, 
and a testing dataset is used to assess classification performance 
on uncharted data. The classifier algorithm is applied with a 
leave-pair-out cross-validation (LPO-CV) method to acquire 
the highest specificity and sensitivity (18). SVM has been widely 
performed in medical disease. For example, SVM was applied to 
identify patients with coronary heart disease (CHD) from non-
CHD individuals (19). Wang et al. revealed that SVM model 
could diagnose lymph node metastasis better than preoperative 
short axis size of largest lymph node on computed tomography 
(20). In our previous study, SVM analysis could be used to 

discriminate patients with SD from healthy controls with proper 
sensitivity and specificity (6). In this study, SVM was used to 
examine whether abnormal NAc connectivity could be applied 
to distinguish the patients from the controls.

So far, few studies have analyzed abnormal FC of the 
reward circuit in SD using the seed-based FC method, which 
is conducted by calculating the correlations between the 
preselected brain regions (seeds) and the rest brain regions. This 
method has been used in subjects with high social anhedonia, 
and the cortico-striatal abnormalities in the reward-related 
symptomatology have been revealed (21). In this study, we 
employed bilateral NAc (from the Harvard Oxford Atlases) as 
seeds. Then, the seed-based FC method was used to identify 
abnormal connectivity between the seeds and other regions 
of brain. Based on abovementioned findings, we hypothesized 
that increased NAc connectivity would be detected in SD, 
particularly within the reward circuit, which could be used to 
discriminate the patients from the controls. We also expected 
there were some correlations between abnormal FCs and 
clinical variables in the patients.

MATERIALS AND METHODS

Participants
Twenty-five right-handed patients with first-episode and 
drug-naive SD were recruited from the First Affiliated 
Hospital of Guangxi Medical University. Twenty-eight healthy 
controls were recruited from the community. The controls 
were screened by using the Structured Clinical Interview of 
the Diagnostic and Statistical Manual of Mental Disorders-IV 
(SCID), non-patient edition (22), and no neuropsychiatric 
disorders in their first-degree relatives. Patients with SD 
should meet the criteria of the SCID, patient edition (22). 
Somatic symptoms of patients with SD should originate from 
several specific origins (i.e., at least four pain symptoms, 
two gastro-intestinal symptoms, one sexual symptom, and 
one pseudo-neurological symptom), and the symptoms were 
in the absence of a medical explanation, factitious disorder, 
or malingering (23). Participants were excluded according 
to the following criteria: other psychiatric disorders (e.g., 
bipolar disorders, schizophrenia, or personality disorders), 
severe medical diseases, substance abuse disorders, mental 
retardation, and any limits for MRI.

The Hamilton Anxiety Scale (HAMA) (24), Hamilton 
Depression Scale (HAMD, 17 items) (25), and somatization 
subscale of Symptom Checklist-90 (SCL-90) (26) were used 
to assess the symptomatic severity of anxiety, depression, and 
somatization. Eysenck Personality Questionnaire (EPQ) (27) 
was used to evaluate personality dimensions. Wisconsin Card 
Sorting Test (WCST) (28) and digit symbol coding of Wechsler 
Adult Intelligence Scale (WAIS) were applied to identify 
cognitive functions.

After given detailed knowledge of the contents, all the 
participants signed a written informed consent. The local ethics 
committee of the First Affiliated Hospital of Guangxi Medical 
University approved this study.
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MRI Acquisition
Functional MRI scans were obtained with a Siemens 3T scanner. 
During the procedures, the participants were asked to remain 
motionless and awake with their eye closed. Soft earplugs and 
foam pads were used to reduce scanner noise and head motion. 
Resting-state functional scans were obtained with a gradient-
echo echo-planar imaging sequence using the following 
parameters: repetition time/echo time = 2,000/30 ms, 30 slices, 
64 × 64 matrix, 90° flip angle, 24-cm FOV, 4-mm slice thickness, 
0.4-mm gap, and 250 volumes (500 s).

Data Preprocessing
We preprocessed the imaging data with Data Processing & 
Analysis for (resting-state) Brain Imaging (29) in MATLAB. 
Slice timing and head movement were first corrected, and no 
participant had more than 2  mm of maximal displacement 
in any direction of x, y, and z and more than 2° in any angular 
dimension. After that, the images were normalized in the standard 
Montreal Neurological Institute (MNI) EPI space and resampled 
with 3×3×3-mm3 resolution. The obtained images were then 
smoothed with a 4-mm full width at half-maximum Gaussian 
kernel, bandpass filtered (0.01–0.08 Hz), and linearly detrended. 
In addition, framewise displacement (FD) was computed as 
described in a previous study (30). The mean FD is a covariate of 
no interest to handle the residual effects caused by head motion. 
We removed time points with FD > 0.2mm to control aggressive 
head motion. We did not regress out the global signal since it was 
suggested to be saved in processing the FC data (31).

FC Processing
Bilateral NAc from the Harvard Oxford Atlases were selected 
as seeds for the whole-brain FC processing with the software 
REST (32). For each participant, seed-based FC was computed 
as Pearson correlation coefficients between the seeds and other 
voxels of the whole brain. The correlation coefficients were then 
z-transformed for standard purpose, and seed-based FC maps 
were generated.

Statistical Analysis
Two-sample t tests were performed to compare the distribution 
of age, years of education, and clinical scales between patients 
with SD and healthy controls. A chi-square test was used to judge 
sex distributions.

Group differences were compared using voxel-wise two sample 
t-tests. Age and the mean FD values were used as covariates to 
minimize the potential effects of these variables. The significance 
level was set at p < 0.05 for multiple comparisons corrected 
by Gaussian random field (GRF) theory (voxel significance: 
p < 0.001, cluster significance: p < 0.05).

LIBSVM (33) was performed to examine whether abnormal 
FC between bilateral NAc and other brain regions could 
distinguish patients with SD from healthy controls.

To explore the correlations between abnormal FC values and 
clinical variables, voxel-based correlations were conducted. The 
correlation results were Bonferroni corrected at p < 0.05.

RESULTS

Characteristics of the Participants
General information of the participants is shown in Table 1, and 
no difference was observed regarding age, sex ratio, education 
level, EPQ extraversion/lie scores, digit symbol coding of WAIS, 
and WCST between the two groups. The scores of HAMA, 
HAMD, EPQ psychoticism/neuroticism, and somatization 
subscale of SCL-90 of the patients were higher than those of the 
controls (Table 1).

Group Differences in Seed-Based FC 
Analyses
The patients showed significantly increased FC between the left 
NAc and the right gyrus rectus (t = 4.2239, p < 0.001) and left 
MPFC/ACC (t = 3.9208, p < 0.001), and between the right NAc 
and the left gyrus rectus (t = 5.7374, p < 0.001) and left MPFC/
ACC (t = 4.3168, p < 0.001) compared with the controls (Figure 1 
and Table 2).

Correlations Between Abnormal FC 
and Clinical or Personality or Cognitive 
Variables in the Patients
No correlations were detected between increased FC between 
the left NAc and the right gyrus rectus and left MPFC/ACC, and 
between the right NAc and the left gyrus rectus and left MPFC/
ACC and clinical or personality or cognitive variables (WCST 
and digit symbol coding of WAIS) in the patients.

TABLE 1 | Characteristics of participants.

Variables Patients 
(n = 25)

Controls 
(n = 28)

p value

Age (years) 41.00 ± 10.76 38.71 ± 9.59 0.42b

Sex (male/female) 4/21 6/22 0.73a

Years of education (years) 7.72 ± 4.39 7.82 ± 2.59 0.92b

FD (mm) 0.08 ± 0.03 0.10 ± 0.05 0.02b

Illness duration (months) 59.12 ± 62.22
Somatization subscale of 
SCL-90

28.48 ± 10.37 14.32 ± 3.44  <0.001b

HAMD 18.84 ± 7.31 2.60 ± 1.83  <0.001b

HAMA 22.96 ± 10.95 0.53 ± 0.99  <0.001b

Digit symbol coding of WAIS 8.28 ± 2.87 9.64 ± 2.15 0.06b

EPQ
Extraversion 46.84 ± 11.02 49.75 ± 9.65 0.31b

Psychoticism 50.52 ± 9.01 45.00 ± 8.54 0.03b

Neuroticism 57.36 ± 9.18 46.78 ± 10.24  <0.001b

Lie 49.44 ± 12.31 47.96 ± 11.01 0.65b

WCST
Number of categories achieved 3.52 ± 1.76 3.89 ± 1.66 0.43b

Number of errors 22.84 ± 9.12 24.71 ± 8.91 0.45b

Number of perseverative errors 20.04 ± 9.48 22.82 ± 8.72 0.27b

aThe p value for sex distribution was obtained by a chi-square test.
bThe p values were obtained by two samples t-tests.
FD, Framewise displacement; HAMD, Hamilton depression scale; HAMA, Hamilton 
Anxiety Scale; SCL-90, Symptom Checklist-90; EPQ, Eysenck Personality 
Questionnaire; WAIS, Wechsler Adult Intelligence Scale; WCST, Wisconsin Card 
Sorting Test.
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LIBSVM Analysis
As shown in Figure 2, the FC values between the left NAc and the 
right gyrus rectus could correctly classify 22 of 25 patients and 23 
of the 28 controls, resulting in an optimal sensitivity of 88.00% 
and an optimal specificity of 82.14% (Figure 2).

DISCUSSION

In this study, we used bilateral NAc as seeds to analyze the 
seed-based FC in first-episode and drug-naive SD. The primary 
finding is that patients showed significantly increased FC values 
between the left NAc and the right gyrus rectus and left MPFC/
ACC, and between the right NAc and the left gyrus rectus and left 
MPFC/ACC compared with the controls. Increased connectivity 

between the left NAc and the right gyrus rectus can be used as a 
potential marker to discriminate patients with SD from healthy 
controls with optimal sensitivity and specificity. There are no 
correlations between abnormal FC values and clinical variables 
in the patients.

Increased NAc connectivity with other brains have been 
found in this study. The NAc receives heterogeneous 
gamma-aminobutyric acid (GABAergic) and dopaminergic 
projections from the VTA (34, 35) as well as glutamatergic 
afferents from the PFC (36), hippocampus (37, 38), thalamus 
(39), and amygdala (40). The NAc is a complex, integral 
hub in the reward circuit (41). For example, patients with 
SD commonly have pain symptoms, and the NAc plays an 
important role in reward-aversion processing during pain 
perception (42). Baliki et al. found that the NAc showed 
abnormal activities when patients were in the presence of 
chronic pain, and the NAc activity could anticipate analgesic 
potential on chronic pain (43).

The MPFC/ACC plays an important role in the reward 
circuit, which generates emotional and cognitive information 
(44), and abnormal activity within the MPFC areas may 
be related to augment pain perception in patients with SD 
(45). Furthermore, a study showed that negative emotional 
stimuli could activate the MPFC/ACC, which revealed that the 
MPFC/ACC might be involved in appraisal and expression of 
negative emotion (46).

The gyrus rectus, also named straight gyrus, is located 
at the medial most margin of the inferior surface of frontal 
lobe and is continuous with the superior frontal gyrus on the 
medial surface. Up to now, the function of the gyrus rectus 

FIGURE 1 | Statistical maps showing seed-based functional connectivity differences between subject groups. The patients showed significantly increased FC 
between the left NAc and the right gyrus rectus and left MPFC/ACC, and between the right NAc and the left gyrus rectus and left MPFC/ACC compared with the 
controls. Red denotes high FC values in the patients, and the color bar indicates the T values from two-sample t-tests. FC, functional connectivity; NAc, nucleus 
accumbens; MPFC/ACC, medial prefrontal cortex/anterior cingulate cortex.

TABLE 2 | Regions with increased functional connectivity with the accumbens 
in patients.

Cluster location Peak (MNI) Number 

of voxels
T value

x y z

Seed: Left Accumbens
Right Gyrus Rectus 12 45 −24 38 4.2239
Left MPFC/ACC −12 36 −9 25 3.9208
Seed: Right 
Accumbens
Left Gyrus Rectus −6 63 −21 38 5.7374
Left MPFC/ACC −12 36 −9 39 4.3168

MNI, Montreal Neurological Institute; MPFC, medial prefrontal cortex; ACC, anterior 
cingulate cortex.
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is unclear. However, a research suggested that patients with 
obsessive-compulsive disorder have decreased prefrontal 
hemodynamic response (47). In our study, patients with SD 
showed significantly increased FC values between the left NAc 
and the right gyrus rectus and left MPFC/ACC, and between 
the right NAc and the left gyrus rectus and left MPFC/ACC 
compared with the controls.

Increased FC is usually considered as compensatory 
reallocation or dedifferentiation to functional deficits in the 
brain regions (48, 49). Patients with SD may have deficits in 
emotional processing, and the MPFC/ACC is related to the 
negative emotion (46). Du et al. found that the stimulated 
dorsolateral PFC-NAc FC can predict the anti-depressant 
and anti-anxiety effects of repeated transcranial magnetic 
stimulation (rTMS) (50). Furthermore, deep brain stimulation 
(DBS) targeting the NAc and rTMS about the left dorsolateral 
PFC also exhibited antidepressant and antianxiety effects 
(51–53). Therefore, increased NAc connectivity in the present 
study may be a compensatory effort to functional deficits in 
these regions.

In a previous study, a significantly positive correlation 
has been found between increased activity in the bilateral 
superior MPFC and the somatization subscale scores of SCL-
90 in patients with SD (7). We hypothesized that correlations 
would be detected between increased NAc connectivity and 
clinical parameters. Therefore, no correlation in the present 
study is somewhat surprised. There are several possibilities 
account for this issue. First, sample size of this research may 
be small to establish a correlation. Second, increased NAc 
connectivity may be an internal alteration for patients with 
SD independent of symptomatic severity. Third, the clinical 
parameters are concentrated, such as the scores of the digit 
symbol coding of WAIS of the patients with SD are centered 
at 8.28 points.

SVM analysis suggests that the increased FC values 
between the left NAc and the right gyrus rectus could be used 

to discriminate patients with SD from healthy controls with 
a sensitivity of 88.00% and a specificity of 82.14%. A highly 
credible research is characterized by specificity and sensitivity 
above 70% in the medical domain (54). Interpretation of 
the high discriminative power result must think about the 
multivariate nature of the SVM method. SVM, a multivariate 
method, has been additionally based on inter-regional 
correlations, while standard quality univariate techniques 
regard each voxel as a spatially independent unit (55). 
Therefore, increased FC values may be used as a potential 
marker to discriminate patients with SD from healthy controls.

Our study has several limitations. First, this research is a 
cross-sectional one, and it is unclear how the NAc connectivity 
will alter after treatment. A longitudinal study is needed to 
clarify this issue. Second, some studies showed that abnormal 
FC was correlated to anhedonia (56). However, psychological 
tests about anhedonia were not assessed in this study. The 
relationship between abnormal FC and anhedonia remains 
unknown. Third, the sample size in our study is relatively 
small, which may minimize the translational value of our 
findings. Fourth, the HAMA scores and HAMD scores were 
significantly different between the SD group and HC group. 
Therefore, there is a possibility that the present findings 
may be affected by the HAMA scores and HAMD scores. To 
clarify this issue, we reanalyzed the data with age, mean FD 
values, HAMA scores, and HAMD scores as covariates and 
obtained similar results as previously reported. Therefore, the 
present findings seemed impossible to be affected by HAMA 
scores and HAMD scores. Finally, the confounding effects of 
scans, such as respiratory and cardiac rhythm, could not be 
completely eliminated.

Despite the limitations, the current research first examines 
the NAc connectivity in resting-state patients with first-episode, 
drug-naive SD. The findings reveal that patients with SD have 
increased NAc connectivity with some regions of the reward 
circuit. Increased NAc connectivity can be used as a potential 

FIGURE 2 | Visualization of the SVM results for identifying patients from controls using the FC values between the left NAc and the right gyrus rectus. Left: 3D view 
of the classified accuracy with the best parameters; right: classified map of the FC values between the left NAc and the right gyrus rectus. SVM, Support vector 
machine; FC, functional connectivity; NAc, nucleus accumbens.
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marker to discriminate patients with SD from healthy controls. 
This study thus highlights the importance of the reward circuit in 
the neuropathology of SD.

DATA AVAILABILITY

All datasets generated for this study are included in the 
manuscript and/or the Supplementary files.

AUTHOR CONTRIBUTIONS

WG and JZ designed the study. WG, FL, QS, and ZZ collected the 
original imaging data. WG, FL, YD, and JC managed and analyzed 
the imaging data. YO wrote the first draft of the manuscript. All 
the authors contributed to and approved the final manuscript.

FUNDING

This study was supported by grants from the National Key 
R&D Program of China (Grant Nos. 2016YFC1307100 and 
2016YFC1306900) and the National Natural Science Foundation 
of China (Grant Nos. 81571310, 81771447, and 81630033).

ACKNOWLEDGMENTS

The authors thank all individuals who served as the research 
participants.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: 
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00585/
full#supplementary-material

REFERENCES

 1. Krishnan V, Sood M, Chadda RK. Caregiver burden and disability in 
somatization disorder. J Psychosom Res (2013) 75(4):376–80. doi: 10.1016/j.
jpsychores.2013.08.020

 2. Browning M, Fletcher P, Sharpe M. Can neuroimaging help us to understand 
and classify somatoform disorders? A systematic and critical review. 
Psychosom Med (2011) 73(2):173–84. doi: 10.1097/PSY.0b013e31820824f6

 3. Zhang J, Jiang M, Yao D, Dai Y, Long L, Yu M, et al. Alterations in white 
matter integrity in first-episode, treatment-naive patients with somatization 
disorder. Neurosci Lett (2015) 599:102–8. doi: 10.1016/j.neulet.2015.05.037

 4. Atmaca M, Sirlier B, Yildirim H, Kayali A. Hippocampus and amygdalar 
volumes in patients with somatization disorder. Prog Neuropsychopharmacol 
Biol Psychiatry (2011) 35(7):1699–703. doi: 10.1016/j.pnpbp.2011.05.016

 5. Hakala M, Karlsson H, Kurki T, Aalto S, Koponen S, Vahlberg T, et al. Volumes 
of the caudate nuclei in women with somatization disorder and healthy women. 
Psychiatry Res (2004) 131(1):71–8. doi: 10.1016/j.pscychresns.2004.03.001

 6. Ou Y, Liu F, Chen J, Pan P, Wu R, Su Q, et al. Increased coherence-based 
regional homogeneity in resting-state patients with first-episode, drug-naive 
somatization disorder. J Affect Disord (2018) 235:150–4. doi: 10.1016/j.
jad.2018.04.036

 7. Su Q, Yao D, Jiang M, Liu F, Jiang J, Xu C, et al. Dissociation of regional 
activity in default mode network in medication-naive, first-episode 
somatization disorder. PLoS One (2014) 9(7):e99273. doi: 10.1371/journal.
pone.0099273

 8. Otti A, Guendel H, Henningsen P, Zimmer C, Wohlschlaeger AM, Noll-
Hussong M. Functional network connectivity of pain-related resting 
state networks in somatoform pain disorder: an exploratory fMRI study. 
J Psychiatry Neurosci (2013) 38(1):57–65. doi: 10.1503/jpn.110187

 9. Su Q, Yao D, Jiang M, Liu F, Jiang J, Xu C, et al. Increased functional 
connectivity strength of right inferior temporal gyrus in first-episode, 
drug-naive somatization disorder. Aust N Z J Psychiatry (2015) 49(1):74–
81. doi: 10.1177/0004867414553949

 10. Wang H, Guo W, Liu F, Chen J, Wu R, Zhang Z, et al. Clinical significance 
of increased cerebellar default-mode network connectivity in resting-state 
patients with drug-naive somatization disorder. Medicine (Baltimore) (2016) 
95(28):e4043. doi: 10.1097/MD.0000000000004043

 11. Schultz W. Neuronal reward and decision signals: from theories to data. 
Physiol Rev (2015) 95(3):853–951. doi: 10.1152/physrev.00023.2014

 12. Russo SJ, Nestler EJ. The brain reward circuitry in mood disorders. Nat Rev 
Neurosci (2013) 14(9):609–25. doi: 10.1038/nrn3381

 13. Sesack SR and Grace AA. Cortico-Basal ganglia reward network: microcircuitry. 
Neuropsychopharmacology (2010) 35(1):27–47. doi: 10.1038/npp.2009.93

 14. Smith KS, Berridge KC and Aldridge JW. Disentangling pleasure from 
incentive salience and learning signals in brain reward circuitry. Proc Natl 
Acad Sci U S A (2011) 108(27):E255–64. doi: 10.1073/pnas.1101920108

 15. Garcia-Campayo J, Sanz-Carrillo C, Baringo T, Ceballos C. SPECT scan in 
somatization disorder patients: an exploratory study of eleven cases. Aust N 
Z J Psychiatry (2001) 35(3):359–63. doi: 10.1046/j.1440-1614.2001.00909.x

 16. Hakala M, Karlsson H, Ruotsalainen U, Koponen S, Bergman J, Stenman H, 
et al. Severe somatization in women is associated with altered cerebral 
glucose metabolism. Psychol Med (2002) 32(8):1379–85. doi: 10.1017/
S0033291702006578

 17. Cortes CV, Vladimir N. Support-vector networks. Mach Learn (1995) 
20(3):273–97. doi: 10.1007/BF00994018

 18. Wang S, Zhan Y, Zhang Y, Lyu L, Lyu H, Wang G, et al. Abnormal long- 
and short-range functional connectivity in adolescent-onset schizophrenia 
patients: aresting-state fMRI study. Prog Neuropsychopharmacol Biol 
Psychiatry (2018) 81:445–51. doi: 10.1016/j.pnpbp.2017.08.012

 19. Zhu Y, Wu J, Fang Y. Study on application of SVM in prediction of 
coronary heart disease. Sheng Wu Yi Xue Gong Cheng Xue Za Zhi (2013) 
30(6):1180–5.

 20. Wang ZL, Zhou ZG, Chen Y, Li XT, Sun YS. Support Vector machines model 
of computed tomography for assessing lymph node metastasis in esophageal 
cancer with neoadjuvant chemotherapy. J Comput Assist Tomogr (2017) 
41(3):455–60. doi: 10.1097/RCT.0000000000000555

 21. Wang Y, Liu WH, Li Z, Wei XH, Jiang XQ, Geng FL, et al. Altered corticostriatal 
functional connectivity in individuals with high social anhedonia. Psychol 
Med (2016) 46(1):125–35. doi: 10.1017/S0033291715001592

 22. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured clinical interview 
for dsm-iv axis i disorders, clinician version (SCID-CV). New York: Biometric 
Research Department (1997) p. 132–2.

 23. Claassen-van Dessel N, van der Wouden JC, Dekker J, van der Horst HE. 
Clinical value of DSM IV and DSM 5 criteria for diagnosing the most 
prevalent somatoform disorders in patients with medically unexplained 
physical symptoms (MUPS). J Psychosom Res (2016) 82:4–10. doi: 10.1016/j.
jpsychores.2016.01.004

 24. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol 
(1959) 32(1):50–5. doi: 10.1111/j.2044-8341.1959.tb00467.x

 25. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry 
(1960) 23:56–62. doi: 10.1136/jnnp.23.1.56

 26. Derogatis LR, Rickels K, Rock AF. The SCL-90 and the MMPI: a step in the 
validation of a new self-report scale. Br J Psychiatry (1976) 128:280–9. doi: 
10.1192/bjp.128.3.280

 27. Eysenck SB, Eysenck HJ. The questionnaire measurement of psychoticism. 
Psychol Med (1972) 2(1):50–5. doi: 10.1017/S0033291700045608

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00585/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00585/full#supplementary-material
https://doi.org/10.1016/j.jpsychores.2013.08.020
https://doi.org/10.1016/j.jpsychores.2013.08.020
https://doi.org/10.1097/PSY.0b013e31820824f6
https://doi.org/10.1016/j.neulet.2015.05.037
https://doi.org/10.1016/j.pnpbp.2011.05.016
https://doi.org/10.1016/j.pscychresns.2004.03.001
https://doi.org/10.1016/j.jad.2018.04.036
https://doi.org/10.1016/j.jad.2018.04.036
https://doi.org/10.1371/journal.pone.0099273
https://doi.org/10.1371/journal.pone.0099273
https://doi.org/10.1503/jpn.110187
https://doi.org/10.1177/0004867414553949
https://doi.org/10.1097/MD.0000000000004043
https://doi.org/10.1152/physrev.00023.2014
https://doi.org/10.1038/nrn3381
https://doi.org/10.1038/npp.2009.93
https://doi.org/10.1073/pnas.1101920108
https://doi.org/10.1046/j.1440-1614.2001.00909.x
https://doi.org/10.1017/S0033291702006578
https://doi.org/10.1017/S0033291702006578
https://doi.org/10.1007/BF00994018
https://doi.org/10.1016/j.pnpbp.2017.08.012
https://doi.org/10.1097/RCT.0000000000000555
https://doi.org/10.1017/S0033291715001592
https://doi.org/10.1016/j.jpsychores.2016.01.004
https://doi.org/10.1016/j.jpsychores.2016.01.004
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1192/bjp.128.3.280
https://doi.org/10.1017/S0033291700045608


Nucleus Accumbens ConnectivityOu et al.

7 August 2019 | Volume 10 | Article 585Frontiers in Psychiatry | www.frontiersin.org

 28. Greve KW, Stickle TR, Love JM, Bianchini KJ, Stanford MS. Latent structure 
of the Wisconsin Card Sorting Test: a confirmatory factor analytic study. 
Arch Clin Neuropsychol (2005) 20(3):355–64. doi: 10.1016/j.acn.2004.09.004

 29. Yan CG, Wang XD, Zuo XN, Zang YF. et al. DPABI: data processing 
and analysis for (resting-state) Brain Imaging. Neuroinformatics (2016) 
14(3):339–51. doi: 10.1007/s12021-016-9299-4

 30. Power JD, Barnes KA, Snyder AZ, Schlaggar BL, Petersen SE. Spurious 
but systematic correlations in functional connectivity MRI networks arise 
from subject motion. Neuroimage (2012) 59(3):2142–54. doi: 10.1016/j.
neuroimage.2011.10.018

 31. Hahamy A, Calhoun V, Pearlson G, Harel M, Stern N, Attar F, et al. Save 
the global: global signal connectivity as a tool for studying clinical 
populations with functional magnetic resonance imaging. Brain Connect 
(2014) 4(6):395–403. doi: 10.1089/brain.2014.0244

 32. Song XW, Dong ZY, Long XY, Li SF, Zuo XN, Zhu CZ, et al. REST: a toolkit 
for resting-state functional magnetic resonance imaging data processing. 
PLoS One (2011) 6(9):e25031. doi: 10.1371/journal.pone.0025031

 33. Chang CC, Hsu CW, Lin CJ. The analysis of decomposition methods for 
support vector machines. IEEE Trans Neural Netw (2000) 11(4):1003–8. doi: 
10.1109/72.857780

 34. Brown MT, Tan KR, O'Connor EC, Nikonenko I, Muller D, Luscher C. 
Ventral tegmental area GABA projections pause accumbal cholinergic 
interneurons to enhance associative learning. Nature (2012) 492(7429):452–
6. doi: 10.1038/nature11657

 35. Tritsch NX, Ding JB, Sabatini BL. Dopaminergic neurons inhibit 
striatal output through non-canonical release of GABA. Nature (2012) 
490(7419):262–6. doi: 10.1038/nature11466

 36. Montaron MF, Deniau JM, Menetrey A, Glowinski J, Thierry AM. Prefrontal 
cortex inputs of the nucleus accumbens-nigro-thalamic circuit. Neuroscience 
(1996) 71(2):371–82. doi: 10.1016/0306-4522(95)00455-6

 37. Bagot RC, Parise EM, Pena CJ, Zhang HX, Maze I, Chaudhury D, et al. Ventral 
hippocampal afferents to the nucleus accumbens regulate susceptibility to 
depression. Nat Commun (2015) 6:7062. doi: 10.1038/ncomms8626

 38. Britt JP, Benaliouad F, McDevitt RA, Stuber GD, Wise RA, Bonci A.  
Synaptic and behavioral profile of multiple glutamatergic inputs to 
the nucleus accumbens. Neuron (2012) 76(4):790–803. doi: 10.1016/j.
neuron.2012.09.040

 39. Christoffel DJ, Golden SA, Walsh JJ, Guise KG, Heshmati M, Friedman 
AK, et al. Excitatory transmission at thalamo-striatal synapses mediates 
susceptibility to social stress. Nat Neurosci (2015) 18(7):962–4. doi: 10.1038/
nn.4034

 40. Stuber GD, Sparta DR, Stamatakis AM, van Leeuwen WA, Hardjoprajitno 
JE, Cho S, et al. Excitatory transmission from the amygdala to nucleus 
accumbens facilitates reward seeking. Nature (2011) 475(7356):377–80. doi: 
10.1038/nature10194

 41. Heshmati M, Russo SJ. Anhedonia and the brain reward circuitry in depression. 
Curr Behav Neurosci Rep (2015) 2(3):146–53. doi: 10.1007/s40473-015-0044-3

 42. Borsook D, Upadhyay J, Chudler EH, Becerra L. A key role of the basal 
ganglia in pain and analgesia—insights gained through human functional 
imaging. Mol Pain (2010) 6:27. doi: 10.1186/1744-8069-6-27

 43. Baliki MN, Geha PY, Fields HL, Apkarian AV. Predicting value of pain 
and analgesia: nucleus accumbens response to noxious stimuli changes in 
the presence of chronic pain. Neuron (2010) 66(1):149–60. doi: 10.1016/j.
neuron.2010.03.002

 44. Mayberg HS, Liotti M, Brannan SK, McGinnis S, Mahurin RK, Jerabek PA, 
et al. Reciprocal limbic-cortical function and negative mood: converging 

PET findings in depression and normal sadness. Am J Psychiatry (1999) 
156(5):675–82. doi: 10.1176/ajp.156.5.675

 45. Gracely RH, Geisser ME, Giesecke T, Grant MA, Petzke F, Williams DA, 
et al. Pain catastrophizing and neural responses to pain among persons with 
fibromyalgia. Brain (2004) 127(Pt 4):835–43. doi: 10.1093/brain/awh098

 46. Etkin A, Egner T, Kalisch R. Emotional processing in anterior cingulate and 
medial prefrontal cortex. Trends Cogn Sci (2011) 15(2):85–93. doi: 10.1016/j.
tics.2010.11.004

 47. Okada K, Ota T, Iida J, Kishimoto N, Kishimoto T. Lower prefrontal activity 
in adults with obsessive-compulsive disorder as measured by near-infrared 
spectroscopy. Prog Neuropsychopharmacol Biol Psychiatry (2013) 43:7–13. 
doi: 10.1016/j.pnpbp.2012.11.013

 48. Cabeza R, Anderson ND, Locantore JK, McIntosh AR. Aging gracefully: 
compensatory brain activity in high-performing older adults. Neuroimage 
(2002) 17(3):1394–402. doi: 10.1006/nimg.2002.1280

 49. Guo W, Liu F, Liu J, Yu L, Zhang Z, Zhang J, et al. Is there a cerebellar 
compensatory effort in first-episode, treatment-naive major depressive 
disorder at rest? Prog Neuropsychopharmacol Biol Psychiatry (2013) 46:13–8. 
doi: 10.1016/j.pnpbp.2013.06.009

 50. Du L, Liu H, Du W, Chao F, Zhang L, Wang K, et al. Stimulated left DLPFC-
nucleus accumbens functional connectivity predicts the anti-depression and 
anti-anxiety effects of rTMS for depression. Transl Psychiatry (2018) 7(11):3. 
doi: 10.1038/s41398-017-0005-6

 51. Schlaepfer TE, Bewernick BH, Kayser S, Hurlemann R, Coenen VA. Deep 
brain stimulation of the human reward system for major depression—
rationale, outcomes and outlook. Neuropsychopharmacology (2014) 
39(6):1303–14. doi: 10.1038/npp.2014.28

 52. Schlaepfer TE, Cohen MX, Frick C, Kosel M, Brodesser D, Axmacher N, 
et al. Deep brain stimulation to reward circuitry alleviates anhedonia in 
refractory major depression. Neuropsychopharmacology (2008) 33(2):368–
77. doi: 10.1038/sj.npp.1301408

 53. Diefenbach GJ, Bragdon L, Goethe JW. Treating anxious depression 
using repetitive transcranial magnetic stimulation. J Affect Disord (2013) 
151(1):365–8. doi: 10.1016/j.jad.2013.05.094

 54. Gong Q, Li L, Tognin S, Wu Q, Pettersson-Yeo W, Lui S, et al. Using structural 
neuroanatomy to identify trauma survivors with and without post-traumatic 
stress disorder at the individual level. Psychol Med (2014) 44(1):195–203. doi: 
10.1017/S0033291713000561

 55. Gong Q, Wu Q, Scarpazza C, Lui S, Jia Z, Marquand A, et al. Prognostic 
prediction of therapeutic response in depression using high-field MR imaging. 
Neuroimage (2011) 55(4):1497–503. doi: 10.1016/j.neuroimage.2010.11.079

 56. Sharma A, Wolf DH, Ciric R, Kable JW, Moore TM, Vandekar SN, et al. 
Common dimensional reward deficits across mood and psychotic disorders: 
a connectome-wide association study. Am J Psychiatry (2017) 174(7):657–66. 
doi: 10.1176/appi.ajp.2016.16070774

Conflict of Interest Statement: The authors declare that the research was 
conducted in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Copyright © 2019 Ou, Su, Liu, Ding, Chen, Zhang, Zhao and Guo. This is an open-
access article distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1016/j.acn.2004.09.004
https://doi.org/10.1007/s12021-016-9299-4
https://doi.org/10.1016/j.neuroimage.2011.10.018
https://doi.org/10.1016/j.neuroimage.2011.10.018
https://doi.org/10.1089/brain.2014.0244
https://doi.org/10.1371/journal.pone.0025031
https://doi.org/10.1109/72.857780
https://doi.org/10.1038/nature11657
https://doi.org/10.1038/nature11466
https://doi.org/10.1016/0306-4522(95)00455-6
https://doi.org/10.1038/ncomms8626
https://doi.org/10.1016/j.neuron.2012.09.040
https://doi.org/10.1016/j.neuron.2012.09.040
https://doi.org/10.1038/nn.4034
https://doi.org/10.1038/nn.4034
https://doi.org/10.1038/nature10194
https://doi.org/10.1007/s40473-015-0044-3
https://doi.org/10.1186/1744-8069-6-27
https://doi.org/10.1016/j.neuron.2010.03.002
https://doi.org/10.1016/j.neuron.2010.03.002
https://doi.org/10.1176/ajp.156.5.675
https://doi.org/10.1093/brain/awh098
https://doi.org/10.1016/j.tics.2010.11.004
https://doi.org/10.1016/j.tics.2010.11.004
https://doi.org/10.1016/j.pnpbp.2012.11.013
https://doi.org/10.1006/nimg.2002.1280
https://doi.org/10.1016/j.pnpbp.2013.06.009
https://doi.org/10.1038/s41398-017-0005-6
https://doi.org/10.1038/npp.2014.28
https://doi.org/10.1038/sj.npp.1301408
https://doi.org/10.1016/j.jad.2013.05.094
https://doi.org/10.1017/S0033291713000561
https://doi.org/10.1016/j.neuroimage.2010.11.079
https://doi.org/10.1176/appi.ajp.2016.16070774
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Increased Nucleus Accumbens Connectivity in Resting-State Patients With Drug-Naive, First-Episode Somatization Disorder

	Introduction

	Materials and Methods

	Participants

	MRI Acquisition

	Data Preprocessing

	FC Processing

	Statistical Analysis


	Results

	Characteristics of the Participants

	Group Differences in Seed-Based FC Analyses

	Correlations Between Abnormal FC and Clinical or Personality or Cognitive Variables in the Patients

	LIBSVM Analysis


	Discussion

	Data Availability

	Author Contributions

	Funding

	Acknowledgments

	Supplementary Material

	References



