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ABSTRACT

Background: Fractional amplitude of low-frequency fluctuation (fALFF) alterations in young depressed patients
with suicide attempts after cognitive behavioral therapy (CBT) and antidepressant medication cotherapy were
evaluated.

Methods: Seventy-eight subjects (age: 18-28) were recruited from April 2017 to March 2019. Forty young de-
pressed patients who attempted suicide were divided into CBT (8 weeks of structured CBT sessions and anti-
depressant medication cotherapy) and monotherapy (MG: antidepressant therapy alone) groups, and 38 healthy
volunteers constituted a healthy control (HC) group. Resting-state functional magnetic resonance imaging (rs-
fMRI) was conducted before and after treatment.

Results: Before treatment, spontaneous brain activity in the left posterior cerebellar lobe (L-PCL), right anterior
cingulate cortex, left caudate nucleus and left superior frontal cortex was higher in untreated patients than in
HCs. After treatment, fALFF in the left middle occipital cortex and left precuneus was significantly increased in
the CBT compared with the HC group. fALFF in the right middle frontal cortex, right inferior frontal cortex, -
PCL, and left anterior cerebellar lobe (L-ACL) were increased, while fALFF in the .-mPFC and 1-SgACC were
reduced, in the CBT compared with the MG group. Pearson correlation analyses provided information about
clinical scale scores and mean fALFF relationships.

Limitations: There was insufficient evidence to confirm that these spontaneous brain activity alterations were the
result of CBT or spontaneous recovery.

Conclusion: CBT and medication cotherapy can significantly change spontaneous activity in the left cerebellum
and default-mode network, thereby regulating and reshaping emotional and cognitive processing.

1. Introduction

At present, first-line treatment methods for depression mainly in-
clude medication and psychotherapy. Cognitive behavioral therapy

Depression is a serious mental illness characterized by an over-
whelming feeling of sadness or a loss of interest and pleasure in most
usual activities, and it is considered a high-risk factor that leads to
suicide (Bostwick and Pankratz, 2000). One-quarter of all patients with
depression have suicidal behaviors (GBD 2015 Disease and Injury
Incidence and Prevalence Collaborators, 2016). According to 2019
statistics in China, the lifetime prevalence rate of depression is 6.8%
(Huang et al., 2019).
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(CBT) is an effective short-term psychotherapeutic treatment for de-
pression (Jiang, 2009). In CBT, the treatment content can be structured
and stereotyped, and the treatment course is relatively short, with ob-
vious effects (Bryan, 2019; Mewton and Andrews, 2016). There are
many cognitive behavioral theories and hypotheses regarding the psy-
chological mechanisms of CBT for treating depression, but the neuro-
biological mechanisms of CBT remains unclear. It is of great sig-
nificance to understand the neural mechanisms of CBT in depressed
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patients who are attempting suicide to select the treatment plan and
predict the curative effect.

Functional magnetic resonance imaging (fMRI) is an important ap-
proach to explore brain function and neurobiological mechanisms in
patients with depression. The structure and functional activities of the
brain in patients with depression show significant abnormalities.
However, to date, there has been no resting-state functional magnetic
resonance imaging (rs-fMRI) study on the effects of CBT on depression
in youth with suicide attempts, especially using fractional amplitude of
low-frequency fluctuation (fALFF) analysis. The present study con-
ducted an fALFF analysis to explore alterations in whole-brain sponta-
neous activity before and after cotherapy with CBT and antidepressant
medication in depressed patients with suicide attempts.

2. Methods
2.1. Subjects

From March 2017 to May 2019, 40 Chinese patients with depression
who attempted suicide were recruited from Guizhou 2nd Provincial
People's Hospital. According to the Columbia classification algorithm
(C-CASA) (Posner et al., 2007), a person with a suicide attempt is de-
fined as “A person with suicidal intention and self-harm behavior, but
without success, and there is clear evidence of suicide attempt from his/
her behavior and environment.” Forty healthy volunteers matched for
age, gender and education level were recruited as the healthy control
(HC) group. All subjects knew the main content of this study and vo-
luntarily signed the informed consent form. This study was approved by
the ethics committee of Guizhou 2nd Provincial People's Hospital. The
study was registered (China Clinical Trial Registration Center,
#ChiCTR1900024989).

The inclusion criteria for the patients were as follows: 1) Han na-
tionality, aged 18-28 years, and right-handed; 2) junior high school
level of education or above; 3) criteria met for a "depressive episode"
according to the American Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition (DSM-IV); 4) Hamilton depression scale
(HAMD24) (Hamilton, 1960) score > 35 points; 5) at least one suicide
attempt; and 6) no antidepressant treatment, electroconvulsive therapy
or transcranial magnetic stimulation within 1 month prior to enroll-
ment in this study.

The exclusion criteria for the patients were as follows: 1) diagnosed
with other mental disorders, such as bipolar disorder, schizophrenia,
personality disorder, mental retardation, etc.; 2) score on the Hamilton
anxiety scale (HAMA) >14; 3) brain organic diseases; 4) depressive
symptoms caused by other organic diseases or medications; 5) history
of substance addiction or family history of psychiatric disease; 6) MRI
scanning contradictions, pregnant or breast-feeding women, or women
planning to be pregnant; or 7) severe physical diseases.

The termination criteria were as follows: severe adverse reactions
during treatment and the failure to complete expected treatment pro-
cedures, such as failure to complete homework or absence from CBT for
more than 2 weeks.

The inclusion criteria for the participants in the HC group were as
follows: 1) Chinese Han; 2) 18-28 years of age; 3) right-handed; 4)
junior high school or higher educational level; and 5) HAMD24 score
<8 points. The exclusion criteria for the participants in the HC group
were as follows: 1) diagnosis of mental disorders such as depression,
personality disorder, anxiety disorder, mental retardation, manic epi-
sode, or schizophrenia; 2) HAMA score <7 points; 3) severe physical
diseases; 4) history of substance abuse or family history of psychiatric
disorders; 5) MRI scanning contradictions; or 6) pregnant or breast-
feeding women or women planning to be pregnant.

2.2. Grouping and interventions

The patients who signed the informed consent form were assigned
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to the combined CBT group and the monotherapy group (MG) group
according to a random number table. The patients in the MG group
were treated with fluoxetine dispersible tablets (Lilly Suzhou
Pharmaceutical Co., Ltd.) at a dose of 20-50 mg/d. The patients in the
CBT group were treated 8 times with structured individual CBT, in
combination with fluoxetine. The manufacturers and doses of fluox-
etine prescribed for patients in the CBT group were consistent with
those in the MG group. The form of CBT intervention was one-on-one
individual CBT sessions, 35-50 min each, which were performed once
weekly for eight sessions in total. The psychotherapists had received
CBT training and certificates from the Chinese mental health associa-
tion. During the eight weeks of treatment, the therapist was supervised
by a superior every two weeks. The contents of CBT mainly included
psychological education, identification of automatic thinking, correc-
tion of core beliefs, detagging, implementation of behavioral strategies,
presentation of problems, use of task decomposition methods, and
construction of relapse prevention techniques (Jesse et al., 2010). At
the end of each session, the corresponding homework was assigned to
the patients, including records of thinking, a list of expectations, ex-
ercises for alternative thinking, and activity arrangements, all of which
should be completed by the patients as required (Jesse et al., 2010).

2.3. Assessment indicators

The HAMD,, was used to estimate depressive symptoms and se-
verity. The HAMD,, is a classic scale widely used in the clinical as-
sessment of depression symptoms and has good reliability and validity.
The Scale for Suicidal Ideation (SSI) (Beck et al., 1979) was used to
assess suicidal ideation as well as the risk of suicide. All clinical scale
evaluations were double-blinded.

In this study, the clinical efficacy criterion for treatment was the
HAMD,, score reduction rate (Dunlop et al., 2017). A reduction rate in
the HAMD,, score =50% was considered significantly effective;
a = 30% and <50% reduction rate in the HAMD,, score was con-
sidered medium efficacy; and a reduction rate in the HAMD,, score
<30% was considered ineffective.

Resting-state fMRI was used to observe alterations in fALFF. We
used fALFF as an indicator of brain activity. Compared with other
analytical methods, fALFF analyses can reduce interference from the
cerebrospinal fluid and veins, reduce physiological noise, and improve
the signal detection rate of brain activity in relevant cortex, and it has
good sensitivity and specificity regarding the spontaneous neuronal
activity of the resting brain (Zou et al., 2008).

2.4. Image acquisition

Images were obtained on a 3T GE Signa HDxt MRI system (General
Electric Medical Systems, Waukesha, WI, USA). The resting state refers
to the supine position during the scan, in which the participants stay
awake, remain quiet, close their eyes, breathe peacefully and evenly,
and do not engage in active thinking. Compared with task-state fMRI,
resting-state fMRI can exclude the influence of external stimuli, allows
the subjects to easily pay attention, places the subjects in a relatively
simple state of brain activity, and better reduces biases in the research
results. Therefore, resting-state fMRI has the advantages of high con-
sistency and repeatability, simple operation and no need to design a
task, and therefore, it has been widely used in the field of brain function
assessment. Blood oxygen level-dependent (BOLD) imaging was per-
formed using gradient- echo-planar imaging (EPI), and the following
parameters were applied for functional imaging: repetition/echo time
(TR/TE) =3000/40 ms, slice thickness= 4 mm, 34 slices, field of view
(FOV)=24 cm X 24 cm, matrix =64 X 64, 90° flip angle, and 232
volumes. During scanning, the doctor examined the scanned images
and removed or rescanned images with obvious artifacts and distor-
tions.
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2.5. Data preprocessing

The rs-fMRI data were preprocessed using Data Processing and
Analysis for Brain Imaging (DPABI) software (Yan et al., 2016) (http://
rfmri.org/dpabi) running in MATLAB (Mathworks, Natick, MA, USA).
The preprocessing of fMRI data included 8 steps: 1) data format con-
version (DICOM to NIFTI): DICOM format data were converted into the
3D format of NIFTI (Neuroimaging Informatics Technology Initiative;
nii format); 2) removal of first time point: the first 10 images were
removed because of the inaccuracy in the data caused by the subject
and instrument maladjustments at the beginning of the scan, thereby
reducing deviation in the results; 3) slice timing: since the data in each
layer obtained by MRI was collected by the machine at different time
points, the data in all collected layers need to be calibrated to a time
point by means of time correction; 4) realignment: functional time
series was realigned to correct for head motion across the time series; 5)
normalize: brain images for each subject were transferred to a standard
space to reduce differences between individuals for the next step of the
intergroup analysis; 6) smoothing: the influence of spatial noise and the
differences in brain structure between subjects was reduced using a
smoothing kernel that was 4 mm X 4 mm X 4 mm; 7) detrend; and 8)
filter: since time courses of low-frequency (0.01-0.10 Hz) fluctuations
in the resting brain were observed to have a high degree of temporal
correlation within these regions (Biswal et al., 1995; Huotari et al.,
2019), this low-frequency band wave was used to remove the influence
of high frequency signals from respiratory heartbeats and high fre-
quency noise. In addition, two subjects from the HC group were ex-
cluded for having more than 2° angular displacement.

2.6. fALFF analysis

fALFF analysis was conducted in MATLAB using the statistical para-
metric mapping software package (SPM12-Statistical Parametric Mapping;
https://www.fil.ion.ucl.ac.uk/spm/software/spm12). The fast Fourier
transform was used to transform the time series of each voxel to the fre-
quency domain to obtain the power spectrum. The square root was calcu-
lated at each frequency of the power spectrum, and the mean square root
was obtained across 0.01-0.10 Hz band for each voxel. Finally, fALFF in
each voxel was divided by mean fALFF of the global brain within a brain
mask to standardize for voxels in the entire brain.

2.7. Statistical analysis

SPSS 23.0 software was used to analyze the general demographic
and clinical variables, and the Kolmogorov-Smirnov (K-S) test was
performed to evaluate the normality of the distribution of scale scores.
Before treatment, age and education level of the HC, CBT and MG
groups were analyzed by one-way analysis of variance (ANOVA), and
the variables with statistically significant differences in ANOVA were
compared by the least significant difference test (Waller and
Duncan, 1974). A chi-square test was conducted to compare gender
ratios. The reduction rates for the HAMD,, and SSI scores in the CBT
and MG groups were analyzed by the chi-square test. Before and after
treatment, the independent sample t-test was used to compare whether
there were significant differences between the CBT group and the MG
group. The significance level was set to be equal to 0.05.

RESTplus V1.21 software (http://www.restfmri.net/forum/REST)
was used for the statistical analyses of the fALFF data. At baseline, in-
dependent sample t tests were applied to detect fALFF differences be-
tween the CBT and HC groups. After treatment, independent sample t
tests were conducted to analyze alterations in whole-brain spontaneous
activity between the CBT and MG groups. The fALFF analyses were
performed with a significance threshold of p<0.01 for AlphaSim mul-
tiple comparison correction. The AlphaSim correction parameters were
as follows: edge connected, connection criteria (rmm) = 5, P<0.01,
and minimum cluster size of 18. Pearson correlation analyses were
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performed between the mean fALFF values across all voxels in the brain
regions with abnormal fALFF in the CBT group and clinical scale scores.

3. Results
3.1. Demographic and clinical variables

A total of 107 subjects were initially included in the study. Among
them, 15 subjects in the MG group and 12 subjects in the CBT group
were excluded because they did not complete the study. Two subjects in
the HC group were excluded due to motion problems during scanning.
Finally, 78 patients finished the study, including 38 subjects in the HC
group, 21 in the CBT group and 19 in the MG group. Demographic
information for the subjects is presented in Table 1. The inclusion
process of the subjects is shown in Fig. 1. The main reasons for drop-out
were as follows: 1) unwillingness of the patient to receive a second MRI
scan; 2) the patient failed to return for follow-up consultation and for a
second MRI scan; and 3) the patient changed treatment plans, such as
switching to nonconvulsive electroconvulsive therapy.

Statistical analysis showed that at baseline, there were no sig-
nificant differences in age, gender, or educational level between the HC,
CBT, and MG groups. After 8 weeks of treatment, the clinical effects in
the CBT group showed significant efficacy in 61.90%, moderate efficacy
in 33.33% and a lack of efficacy in 4.76%. The clinical effects in the MG
group showed significant efficacy in 52.63%, moderate efficacy in
31.58%, and a lack of efficacy in 15.79%.

After treatment, there were significant differences in HAMD24 and
SSI scores between the CBT and MG groups, indicating that the im-
provement in depressive symptoms and suicidal ideation was greater in
the CBT group than in the MG group (Table 1).

3.2. zfALFF analysis

Before the treatment, the areas with increased zfALFF values in the
CBT group compared with the HC group were as follows: the left pos-
terior cerebellar lobe (L-PCL), right anterior cingulate cortex (R-ACQC),
left caudate nucleus and left superior frontal cortex (L-SF) (Table 2).
After treatment, the zfALFF values in the left middle occipital cortex
and left precuneus (L-PCu) in the CBT group was significantly higher
than those in the HC group (Figs. 2 and 3). There were no significant
differences in zfALFF values between the CBT and MG groups at base-
line. The difference in zfALFF values between the MG and HC groups

Table 1.
Comparison of psychological assessment scales among HC, CBT and MG groups

(R).

Variables HC (N = 38) MG (N =19) CBT (N = 21) P value
Mean + SD Mean + SD

Age (years) 23.00 = 2.22 23.63 + 3.64 22.24 =295 0.297 *

Gender (male/female)  17/21 9/10 8/13 0.824 °

Years of education 14.63 = 2.27 13.37 £3.30 13.10 + 3.55 0.107 *

At baseline

SSI 3.18 £223 4211 + 7.17 43.48 = 10.66 0.640 ¢

HAMD,4 3.63 = 2.27 53.37 *+ 8.69 51.67 + 833 0.531°

After 8 weeks of treatment

SSI 13.53 +£10.32 5.95 = 5.25 0.005 ©

HAMD,,4 28.89 +£13.45 18.29 + 8.37 0.004 ©

Markedly 10 (52.63%) 13 (61.90%) 0.504 °

Moderately 6 (31.58%) 7 (33.33%)

Ineffective 3 (15.79%) 1 (4.76%)

SD = Standard deviation

2 using ANOVA; HAMD,,
SSI = Scale for Suicidal Ideation

b represent using chi-square test; © represent using independent sample t-test
to analyze the CBT and MG groups; Markedly effective, HAMD,, reduction rate
=50%; Moderately effective, 30% <HAMDy4 reduction rate <50%; Invalid,
HAMD,, reduction rate <30%.

Hamilton Rating Scale for Depression;
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Structured interviews in patients with depression were

conducted using DSM-IV-TR (patient edition)

C-CASA

Sixty-seven patients met the diagnostic criteria of depressive disorder

CBT group (n=33)

MG group (n=34)

I HC group (n=38) |

____I____I

drop-out (n=12)

drop-out (n=15)

excluded due to brain motion (n=2)

CBT group (n=21)

MG group (n=19)

HC group (n=38)

Fig. 1. Flowchart of the selection process for subjects.

was the same as that between the CBT group and HC group.
After 8 weeks of cotherapy with CBT and antidepressant medica-

tion, the results revealed that zfALFF values in the CBT group were
higher than those in the MG group in the following brain regions: right
middle frontal cortex, right inferior frontal cortex, 1-PCL, and left
anterior cerebellar lobe (L-ACL). In the CBT group, zfALFF values were
lower than those in the MG group in the following brain regions: left
medial prefrontal cortex (L-mPFC) and left subgenual anterior cingulate
cortex (L-sgACC) (P < 0.01, AlphaSim correction) (Table 2 and Fig. 3).

3.3. Correlation analysis of clinical scale scores and fALFF value

To assess whether the depressive symptoms and suicidal ideation
were related to fALFF values, RESTplus V1.21 software (http://www.
restfmri.net/forum/REST) was used to extract and relate the mean
fALFF values in brain regions with significant differences in the above
analyses to the clinical scale scores. Pearson correlation analyses
showed that before treatment, mean fALFF values in the 1-SF in the CBT
group was positively correlated with SSI scores (r = 0.386, P = 0.014),
and mean fALFF values in the R-ACC in the CBT group were positively

Table 2

Regions that changed before and after treatment in CBT, MG and HC groups.
Brain regions Left/Right BA MNI coordinate Clusters(voxel) Peak intensity

X y z

At baseline
CBT>HC
Posterior cerebellar lobe L N/A 0 54 -39 74 4.312
Anterior cingulate cortex R 4 21 21 39 69 4.079
Caudate nucleus L N/A -9 12 6 52 4.109
Superior frontal cortex L 6 —24 15 45 35 5.191
After 8 weeks of treatment
CBT > HC
Middle occipital cortex L 18 -27 —84 15 83 6.876
Precuneus L 7 -27 —84 15 18 6.876
CBT>MG
Middle frontal cortex R 47 42 30 -15 32 3.456
Inferior frontal cortex R 47 42 30 -15 82 3.456
Posterior cerebellar lobe L N/A —45 —51 —42 224 5.120
Anterior cerebellar lobe L N/A —45 —51 —42 137 5.120
CBT<MG
Medial prefrontal cortex L 10 -18 51 9 210 —4.045
Subgenual anterior cingulated cortex L 32 -18 51 9 74 —4.045

MNI = Montreal neurological institute; BA = Bruderman area. HAMD,, = Hamilton Rating Scale for Depression; SSI = Scale for Suicidal Ideation.
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+

fALFF Value

CBTgroup

HC group

Fig. 2. Mean fALFF values and brain regions in the CBT group that were significantly different from those in HC group. (al) Before treatment, the average fALFF
value in the R-ACC in the CBT group was higher than that in the HC group. (a2) Before treatment, the average fALFF value in the 1-SF in the CBT group was higher
than that in the HC group. (b) After treatment, the mean fALFF value in the left middle occipital cortex and 1-PCu in the CBT group was higher than that in the HC
group. (c) After treatment, there were significant differences in brain areas between the CBT group and the HC group.

correlated with SSI scores (r = 0.460, P = 0.003). After 8 weeks of
treatment, mean fALFF values in the R-sgACC in the CBT group were
positively correlated with AHAMD.4 scores (the score after treatment
minus the score before treatment) (r = 0.483, P = 0.027), and mean
fALFF values in the mPFC were positively correlated with /A\SSI points
(r = 0.564, P = 0.008). The results of the correlation analysis in the
MG group at baseline were the same as those in the CBT group, and no
significant correlation was found between mean fALFF values and
clinical scale scores in the MG group after treatment.

4. Discussion

In the present study, young depressed patients with suicide attempts
were randomly assigned to treatment with CBT combined with anti-
depressant medication or antidepressant monotherapy for 8 weeks. A
resting-state fALFF analysis was performed to investigate the features of
spontaneous brain activity in the patients before and after treatment.
Spontaneous brain activity in the 1-PCL, R-ACC, left caudate nucleus
and L-SF in untreated patients at baseline was higher than that in
healthy subjects. After 8 weeks of treatment, the spontaneous brain

Fig. 3. Regions that changed after treatment between the CBT and MG groups.
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activity in the left middle occipital cortex and t-PCu in the CBT group
was significantly increased compared with that in the group of healthy
subjects. fALFF values in the right middle frontal cortex, right inferior
frontal cortex, L-PCL, and 1-ACL in the CBT group were increased, while
fALFF values in the L-mPFC and 1-SgACC in the CBT group were re-
duced, compared with the MG group, as shown in Table 2. In addition,
the results showed that the improvement in depressive symptoms and
suicidal ideation in the patients treated with the combination therapy
was significantly higher than that in the patients treated with the
monotherapy.

4.1. Higher fALFF values in untreated patients at baseline

The most common symptoms of depression are cognitive dysfunc-
tion and rumination. Patients tend to process information in a negative
cognitive bias mode and tend to ignore positive information, thereby
making errors during information processing. This constantly leads to
further expansion of negative information. Under the influence of these
negative cognitions, patients are more prone to despair and suicidal
tendencies, eventually leading to suicidal behavior. Our current study
confirmed that spontaneous brain activity in the 1-PCL, R-ACC, left
caudate nucleus and 1-SF in untreated young depressed patients with
suicide attempts was significantly increased. Previous researchers have
also found significant brain abnormalities in these areas in patients with
depression and suicide attempts. The results of Zhang et al. (2016)
suggested that abnormal connectivity in the left cerebellum may be a
predictor of suicidal behavior in depressed adolescents. Another func-
tional study of the suicidal brain in major depressive disorder (MDD)
found that suicide attempters showed significantly increased resting-
state functional connectivity of the left amygdala with the left superior
orbitofrontal area (Kang et al., 2017). The findings of Wang et al.
(2020) provided evidence that the amygdala and prefrontal cortex may
be closely related to the pathogenesis of suicidal behavior in MDD and
further implicated these regions as potential targets for suicide inter-
vention. Several researchers have identified that the frontal gyrus, ACC
and caudate nucleus were implicated in the depressed suicidal brain
(Peng et al., 2014). In addition, another important finding in the cur-
rent study was that the Pearson correlation analysis showed that the
mean fALFF values of the 1-SF and R-ACC in young depressed patients
with suicide attempts were positively correlated with SSI scores, sug-
gesting that the degree of spontaneous brain activities in the 1-SF and R-
ACC were positively correlated with suicidal ideation. These findings
add to the literature suggesting abnormalities in spontaneous brain
activity in young depressed patients with suicide attempts and may be
helpful for understanding the pathophysiology and underlying neural
mechanisms of depression with suicide attempts.

4.2. fALFF alterations in patients after cotherapy with CBT and
antidepressant medication

Previous studies have shown that CBT could significantly alter brain
function in depressed patients. However, there has been no unified
conclusion on the underlying neural mechanisms of CBT in severe de-
pression patients with suicide attempts. Yoshimura et al. (2014
Yoshimura et al., 2017) tried to explain the neurobiological mechan-
isms after CBT by fMRI, and the results revealed that the activities of
the mPFC and ventral anterior cingulate cortex (vACC) in patients with
depression following exposure to positive stimuli demonstrated higher
activity after 12 weeks of CBT. Following exposure to negative in-
centives, there was a negative correlation between vACC activity and
the intervention effects of CBT. A subsequent whole-brain functional
connectivity analysis was performed using the mPFC as a seed region
and found that mPFC-vACC functional connectivity was reduced in
patients with depression after CBT. Goldapple et al. (2004) found that
after 15-20 weeks of CBT treatment, the activity of the PCu, mPFC, SF
and inferior parietal lobe was decreased, while dACC and hippocampal

Journal of Affective Disorders 276 (2020) 822-828

activity were increased. Dunlop et al. (2017) treated 122 patients,
which included 85 patients treated with medications and 37 patients
treated with CBT intervention for 12 weeks. The results revealed that
the resting-state functional connectivity between the bilateral sub-
callosal cingulate cortex (SCC) and three regions, the left frontal op-
erculum, left ventromedial prefrontal cortex and dorsal midbrain, was
changed.

Our current results showed that CBT combined with antidepressant
therapy altered spontaneous brain activity in the left cerebellar lobe in
a resting state. The cerebellum is not only related to balance and motor
coordination but also plays a key role in cognitive and emotional pro-
cesses, as well as the occurrence and development of depression
(Phillips et al., 2015). Therefore, it could be speculated that the al-
terations in spontaneous brain activity in the left cerebellar lobe may be
a biomarker to identify the effects of combined therapy on patients.

Our study also confirmed that CBT combined with antidepressant
therapy altered spontaneous brain activity in the ACC, prefrontal
cortex, and 1-PCu in the resting state in young depressed patients with
suicide attempts. The ACC is mainly involved in emotional processing,
especially its self-referential aspects, of individuals. In addition, the
ACC is also responsible for monitoring reaction conflicts and errors and
for evaluating the occurrence of false information, motivation and
emotions. Therefore, the ACC plays an important role in decision
making and control of volitional action. Abnormal anterior cingulate
activity might lead to depression and suicidal behavior in patients with
suicidal tendencies. The frontal cortex is closely linked to the in-
dividual's higher cognitive activities, such as emotion regulation,
thinking processes, attention function, problem solving, motivation and
behavior planning. The PCu is involved in many high-level cognitive
functions, such as episodic memory, self-attention and information
processing. Brain regions such as the ACC, mPFC, caudate nucleus and
PCu are important nodes of the default mode network (DMN). The DMN
refers to network in which there is a spontaneous increase in brain
network activity in the resting state, which is even more active than
that during task states and in a “dissociation mode” during functional
activities (Sheline et al., 2009; Alexopoulos et al., 2012). The functions
of these brain regions in the DMN showed close associations with
cognition, memory, self-attention and emotional processing. The
spontaneous brain activity changes in these areas reflect abnormal
emotional control, thought processes and negative behavior in patients
with depression who attempted suicide. Gotzsche et al. found that after
undergoing CBT, the negative self-attention of patients with depression
can be reduced, thereby re-establishing the ability to adjust emotions
and significantly improving and reducing the patients' sense of hope-
lessness and self-harming behaviors (Raj et al., 2001, Gotzsche and
Gotzsche, 2017). Our present results were consistent with these find-
ings, suggesting that CBT combined with antidepressant therapy may
enhance the emotional regulation function of the DMN by acting on
spontaneous brain activity in the ACC, mPFC, caudate nucleus and PCu
regions, which regulates the experience and cognitions related to ne-
gative emotional stimuli, improves depressive symptoms and reduces
suicidal ideation.

However, the present study has limitations. There was insufficient
evidence to confirm the specificity of spontaneous activity in these al-
tered brain regions. The sample size was small and limited to Chinese
individuals, limiting the generalizability of the results to patients of
other ethnicities or languages. Biochemical assessments of the brain by
MRI were not assessed, which could have provided further insights into
the mechanisms of depression with suicide ideation and those of CBT.

In conclusion, the results of this study suggest that CBT activates
cognitive processing systems in the brain by helping patients re-
construct the emotional processing process and helping patients adjust
and manage the impact of negative stimuli, which results in improved
depressive symptoms. The resting-state fALFF analysis confirmed the
key role of neurobiological factors in the occurrence and recovery of
young depression patients with suicide attempts, suggesting that CBT
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combined with antidepressant treatment significantly altered brain
activity in the left cerebellum and DMN.
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