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Abstract

Objective: An altered default mode network (DMN) in the patients with major depressive 
disorder (MDD) has been frequently reported, which has been improved after treatment. A 
recent study has reported abnormal function connectivity between the DMN and the central 
executive network (CEN) in depression, however, whether this disturbed connectivity involves 
in the remission of depression remains unclear.

Methods: 30 patients with MDD and 27 individuals with the remitted depression (RMD) were 
recruited. All of them received a brain functional magnetic resonance imaging (fMRI) scan. The 
resting-state function connectivity between the DMN and CEN was analyzed, with the seed of 
medial prefrontal cortex (mPFC) and dorsolateral PFC (DLPFC), respectively. The results were 
also compared with 33 healthy controls.

Results: With the mPFC seed, the remitted depression showed a lower DMN connectivity in 
frontal, temporal, and parietal cortexes, compared with the other two groups. With the DLPFC 
seed, the current and remitted depression shared similar pattern (lower connectivity) in 
frontal cortex, but differed in parietal cortex (lower connectivity in remitted patients), within 
the CEN as well as between the DLPFC seed and DMN.

Conclusions: The lower DMN function connectivity in frontal, temporal, and parietal cortexes 
in remitted depression suggests a potential over-compensation (inhibition) mechanism 
behind the remission of depression. The different connectivity model in parietal cortex 
between the current and remitted depression emphasizes the parietal cortex in the remission 
of depression, which might be a reliable biomarker of remission. The similar connectivity 
pattern in the frontal cortex between two patient groups hints a trait-like neural basis of 
depressive episode, which might be a stable predictor of recurrence.

Significance: The present study offers a first experimental evidence of function connectivity 
between DMN and CEN in the current and remitted depression, which helps to uncover the 
neural mechanism during the remission of depression.
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Constantly, the mPFC has been reported as a 
part of DMN [7-9], while the DLPFC has been 
included as a part of CEN [12]. Specifically, 
DLPFC was mostly ascribed “cognitive” or 
“executive” functions, whereas mPFC was 
primarily associated with “emotional” or 
“affective” functions [19]. Independently, 
it has been reported that mPFC reactivity 
predicted  rumination [20], related to self-
referential events [21], as a part of DMN [22], 
while DLPFC has been known to be activated as 
cognitive hierarchy increases [23]. Consistently, 
it has been indicated that the mPFC and DLPFC 
was highly interacted [19,24]. However, the 
interaction between mPFC seeded DMN and 
DLPFC seeded CEN in depression remained 
unclear.

Moreover, results of altered function connectivity 
in DMN were mainly obtained from the current 
depression [10,11,17,18], parts of them came 
from the remitted depression [25-27]. Among 
which, it was reported that the disrupted 
topological organization of the DMN might 
be considered as a potential biomarker of the 
episodic memory deficits in remitted late-onset 
depression patients [28]. For CEN, limited 
results confirmed the diminished connectivity 
in depression [14,15,17]. Importantly, no 
evidence of CEN connectivity was reported in 
remitted depression. Thus, whether the altered 
connectivity within CEN, as well as between 
DMN and CEN, play a role in the remission of 
depression, remains unclear.

In conclusion, the present study selected the 
mPFC as seed of DMN and DLPFC as seed 
of CEN, to observe the network connectivity 
between DMN and CEN in the current and 
remitted depression. Our hypotheses were: 
First, the patients with current depression 
possessed altered function connectivity within 
DMN and CEN, as well as between DMN and 
CEN. Second, the individuals with current and 
remitted depression would share similarity and 
dissimilarity in function connectivity within 
DMN and CEN, as well as between DMN and 
CEN.

Methods

 � Participants

Three groups of participants were recruited: 
patients with current depression, individuals with 
remitted depression (RMD), and never depressed 
healthy controls (NC). The normal controls 

Introduction

Depression is one of the most commonly 
occurred mental disorders [1]. Patients with 
major depressive disorder (MDD) have suffered 
from cognitive disturbance [2,3], which is 
closely correlated with rumination [4-6]. 
The default mode network (DMN) has been 
indicated involving in rumination, self-referent 
cognition, and memory retrieval, which includes 
areas of medial prefrontal cortex (mPFC), 
posterior cingulated cortex, and multiple 
(mainly medial) parts of posterior parietal 
cortex [7-9]. Abnormal functional alterations 
of the DMN have been confirmed in the first-
episode, drug-naïve major depressive disorder 
patients [10]. A large area of the DMN in 
depression has shown a decrease in coherence 
to the network as a whole, which is enhanced 
after electroconvulsive therapy (ECT) in those 
improving clinically, but remains unchanging 
in patients not responding to ECT [11]. The 
central executive network (CEN), in contrast, 
plays a critical role in regulating attention, 
working memory, and decision making [12], 
which includes dorsolateral prefrontal cortex 
(DLPFC) and multiple (mainly lateral) parts 
of posterior parietal cortex. The disturbed CEN 
activity has been reported relating to cognitive 
disturbance in depression [13]. Collectively, 
the DMN might be a neural mechanism of 
depressive rumination, while the CEN might 
be a neural basis of cognitive disturbance in 
depression. However, the relationship between 
DMN and CEN in depression has seldom been 
addressed.

In general population, the activation of the 
DLPFC by TMS stimulation modulated DLPFC 
(a part of CEN) - DMN connectivity, which 
suggested a connection between DMN and CEN 
[14]. The resting-state time course of the default-
mode  network  was negatively correlated with 
that of the “task-positive network”, a collection 
of regions commonly recruited in demanding 
cognitive tasks, which is much like the CEN 
[15,16]. In depressed patients, recent study 
observed and confirmed that the functional 
connectivity was abnormally elevated within the 
DMN and diminished within the CEN, and 
connectivity between these two networks was 
altered [17]. Similarly, for individuals at high 
risk for depression, it was found that they had 
increased DMN connectivity, as well as reduced 
inverse connectivity between the DMN and 
CEN [18]. These results highlight a connection 
between DMN and CEN in depression.
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were recruited through advertisement, and the 
depressed individuals were obtained through 
both advertisement and clinical psychiatrists, 
from psychiatric hospital of Chongqing, China. 
The depressive symptoms were assessed by the 
Patient Health Questionnaire (PHQ-9) [29], 
the Beck Depression Inventory-II (BDI-II) [30], 
the Hamilton Depression Rating Scale (HDRS, 
24 items) [31], and the Diagnostic and Statistical 
Manual of Mental Disorders-V (DSM-V) [32]. 
To observe the anxiety level of subjects, the 
Beck Anxiety Inventory-II (BAI) was further 
investigated. The criteria for each group were as 
following: patients with current depression should 
be diagnosed as MDD by clinical psychiatrists 
based on the DSM-V, with two or more episodes 
[7,33]; the individuals of remitted depression 
should be remitted from last episode for at least 
6 months and free from antidepressants at least 
3 months; while the healthy controls should be 
exempted from the current or lifetime depression 
or psychosis. Exclusion criterion: Infection, 
trauma, and allergy within two weeks, bipolar 
disorder, schizophrenia, severe physiological 
disease, learning disability, drug dependence, 
history of psychosis, history of alcohol or 
drug abuse, and structural brain lesions. For 
the security of functional magnetic resonance 
imaging (fMRI) scan, participants with the 
following circumstance were also excluded: 
Any metal or magnetic materials within the 

body, having a pacemaker or being pregnant, 
a history of neurosurgery or epilepsy. The 
detailed recruiting procedure could be found in  
Figure 1 and our previous work [34]. Originally, 
156 participants (healthy and patients) were 
invited, 105 of whom agreed to participate, 
after excluding unexpected situations such as no 
show of participants, scan machine unavailable, 
claustrophobia, unexpected discharge, brain 
lesions, or excessive head motion, 33 healthy 
controls, 30 MDD patients, and 27 remitted 
individuals were obtained finally. All MDD 
patients were medicated (ten were taking 
mirtazapine, 30 - 40 mg; eight were taking 
fluoxetine hydrochloride, 20 - 40 mg; twelve 
were taking paroxetine hydrochloride, 20 - 30 
mg).

The research protocol was approved by the 
Human Research Ethics Committee of the 
Third Military Medical University. Candidate 
participants (patients and healthy controls) were 
interviewed through telephone by a trained 
doctoral - level psychological personnel. For 
qualified subjects, the experiment was dated 
through telephone. After the subjects’ arrival, 
the details of the experiment were informed 
again, and the voluntaries to participate in the 
experiment and the right to quit during the 
experiment were emphasized. After written 
informed consents were signed, a 10 minutes 
rest was set before the experiment to allow the 

Figure 1: Flow chart of participant recruitment.
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familiarity with the environment. 

 � Instrument

The BDI-II and PHQ were used to assess 
depression level. Specifically, BDI-II reflected 
the depression severity with 21 self-report items 
[30,35], while the PHQ mainly examined the 
frequency of depressive symptoms referring to 
9 diagnostic criterion of MDD [36]. The BAI 
was used to examine the anxiety level, which 
comprised of 21 self-report items too [35,37]. 

 � fMRI data acquisition

Functional images were acquired on a 3.0-T 
Siemens TimTrio whole-body MRI system 
(Siemens Medical Solutions, Erlangen, 
Germany) with a 12-channel phased-array head 
coil, located at Southwest Hospital, Chongqing, 
China. Image data were obtained using single 
shot T2-weighted EPI (echo planar imaging, TR/
TE=2000/30 ms, flip angle=90◦, reconstruction 
matrix=64 × 64, field of view (FOV)=384 mm, 
4 mm slice thickness with 1mm gap, voxel 
size=3.0 mm × 3.0 mm × 3.0 mm, number of 
slices per volume=36). For each subject, a total of 
240 volumes were acquired, resulting in a total 
scan time of 480 s. The anatomical images were 
acquired through 3D-T1MPRAGE protocol 
(inversion time (TI) / repetition time (TR) / echo 
time (TE)=900/2530/2.34 ms, flip angle=7◦, 
reconstruction matrix=256 × 256, FOV=256 mm, 
slice thickness=1 mm, number of slices=192).

 � fMRI data preprocessing

The resting-state function data was preprocessed 
through the Statistical Parametric Mapping 
package (SPM8, http://www.fil.ion.ucl.ac.uk/
spm/software/spm8/), which was analyzed after 
removing the first 10 scan images. The basic 
procedures were: (a) slice timing, (b) realign, 
(c) coregister, (d) segment, (e) normalize (by
DARTEL, with re-sampling rate 3 mm × 3 mm
× 3 mm (1 mm × 1 mm × 1 mm for anatomic
data)); (f) smooth (FWHM=6mm). During the

preprocessing, the head motion, white matter, 
and cerebrospinal fluid, were regressed out.

 � Statistics

Function connectivity was analyzed with REST 
1.8 (Resting-State fMRI Data Analysis Toolkit) 
[38]. The MNI coordinate was consistent 
with the literature, mPFC (-4, 48, -15) [39)], 
DLPFC [40-42,33]. The DMN connectivity 
was obtained by the whole-brain function 
connection with the seed of mPFC, while the 
CEN connectivity template was generated from 
the previous findings [12]. The within network 
function connection was obtained with seed of 
mPFC (DMN) and DLPFC (CEN) respectively, 
while the between network function connection 
was obtained between DLPFC seed and DMN 
as well as between mPFC seed and CEN. See 
Supplementary materials (Figures S1 and S2) for 
details. 

After individual analysis, an one-way ANOVA 
was conducted, and a further two-sample t-test 
was applied to compare each of two groups 
(AlphaSim correction, p<0.01(uncorrected 
p-value<0.001), voxel threshold>40, size of
kernel smoothing=6 mm (Full width at half
maximum, FWHM), whole-brain mask).
Gender and age were included as co-variables. A
correlation analysis was also conducted between
functional connectivity and the clinical variables
(duration of illness, number of episodes, and
scores of BDI, BAI, PHQ, HDRS) of depressed
patients with REST 1.8. The final image was
overlaid on a ch2 bet.nii template, and figured
with Rest Viewer [38]. The basic information
of participants was analyzed through χ2 test and
one-way ANOVA.

Results

 � Group information (Table 1)

Three groups did not differ on the gender 
ratio (χ2=1.792, df=2, N=89, p=0.408), age (F 

Table 1:  Group information.

Gender
(M/F) Age Education 

level Episodes
Duration 
of illness 
(year)

FD value 
of head 
motion

PHQ BDI HDRS BAI

NC (n = 33) 12/21 48.85 ± 12.86 2.33 ± .74 0.13 ± 0.06 1.09 ± 1.26 2.12 ± 1.62 1.76 ± 1.12 1.76 ± 3.24
MDD (n = 30) 7/23 48.77 ± 11.88 2.17 ± 0.70 3.1 ± 1.37 8.75 ± 6.94 0.11 ± 0.06 21.00 ± 5.80 35.86 ± 10.12 23.43 ± 2.94 11.89 ± 6.86
RMD (n = 27) 10/16 49.56 ± 10.77 2.1 ± 0.80 2.56 ± 1.39 9.76 ± 5.16 0.15 ± 0.12 5.41 ± 3.88 6.70 ± 4.51 5.11 ± 1.91 4.93 ± 5.02
p 0.408 0.963 0.479 0.199 0.578 0.127 <0.001 <0.001 <0.001 <0.001
Note: M = male. F = female. BAI = Beck Anxiety Inventory. BDI = Beck Depression Inventory. PHQ = patient health questionnaire. HDRS = the Hamilton 
Depression Rating Scale. Education level: 1 = primary school or lower, 2 = middle school, 3 = university, 4 = postgraduates. NC = Never disordered healthy 
Controls. MDD = Major Depressive Disorder. RMD = Remitted depression.
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(2,87)=0.037, p=0.963, partial-eta2=0.002), 
or education level (F (2,87)=0.743, p=0.479, 
partial-eta2=0.017). As expected, they differed on 
the scores of PHQ (F (2,87)=210.829, p<0.001, 
partial-eta2=0.835), BDI (F (2,87)=254.812, 
p<0.001, partial-eta2=0.845), BAI (F 
(2,87)=29.674, p<0.001, partial-eta2=0.41), and 
HDRS (F (2,87)=935.236, p<0.001, partial-
eta2=0.95), between each of two groups, with 
higher scores in MDD group and lower scores 
in NC group. Three groups did not differ in 
head motion (F (2,87)=2.114, p=0.127, partial-
eta2=0.10). The current and remitted depression 
did not differ on the numbers of episodes and 
duration of illness (p>0.05).

 � Function connectivity within the DMN
and CEN

The resting-state function connectivity within 
the DMN (mPFC seed) was compared with 
one-way ANOVA between three groups, which 
indicated that three groups differed between 
mPFC seed and left inferior temporal cortex 
(k=65, p<0.01), left (k=57, p<0.01) and right 
precuneus (k=14, p<0.01), left parietal cortex 
(k=77, p<0.01), left middle cingulum (k=57, 
p<0.01), and left middle frontal cortex (k=38, 
p<0.01). Further two-sample t-test indicated 
that patients with MDD had lower connectivity 
between mPFC seed and right cerebrum (k=93, 
p<0.01), left inferior orbitofrontal cortex (k=22, 
p<0.01), as well as left middle cingulum (k=41, 
p<0.01), compared with NC. Remitted patients, 
surprisingly, showed lowest connection between 
mPFC seed and left superior frontal cortex 
(k=42, p<0.01), left middle temporal cortex 
(k=68, p<0.01), left posterior cingulate (k=81, 
p<0.01), as well as right precuneus (k=48, 
p<0.01), compared with the other two groups 
Figures 2 and 3. See more details in Table 2 and 
Supplementary materials (Figure S3) for details.

The function connectivity within the CEN 
(DLPFC seed) was compared with one-way 
ANOVA between three groups, which indicated 
that three groups differed between DLPFC seed 
and left (k=43, p<0.01) and right inferior parietal 
cortex (k=72, p<0.01). Further two-sample t-test 
indicated that patients with MDD had lower 
connectivity between DLPFC seed and right 
middle frontal cortex (k=21, p<0.01), compared 
with normal controls. Remitted patients, in 
contrast, they had lower connectivity between 
DLPFC seed and right middle frontal cortex 
(k=39, p<0.01), particular the right middle 
orbitofrontal cortex (k=24, p<0.01), compared 

with the normal controls. However, they differed 
in connectivity (lower connectivity) with MDD 
in function connectivity between DLPFC seed 
and right superior parietal cortex (k=18, p<0.01), as 
well as left inferior parietal lobule (k=44, p<0.01). 
See more details in Table 3 and Supplementary 
materials (Figure S4).

 � Function connectivity between the DMN 
and CEN

The function connectivity between DLPFC 
seed (CEN) and DMN was compared with 
one-way ANOVA between three groups, which 
indicated that three groups differed between 
DLPFC seed and left (k=44, p<0.01) and 
right inferior parietal cortex (k=11, p<0.01), 
right middle temporal cortex (k=48, p<0.01), 
and right inferior orbitofrontal cortex (k=35, 
p<0.01). Further two-sample t-test indicated 
a group difference only between DLPFC seed 
and DMN. Patients with MDD showed lower 
connectivity between DLPFC seed and left 
medial orbitofrontal cortex (k=40, p<0.01), right 
superior medial frontal cortex (k=103, p<0.01), 
as well as right superior temporal cortex (k=69, 
p<0.01), compared with the normal controls. 
The remitted patients showed lower connection 
of connectivity between DLPFC seed and right 
inferior orbitofrontal cortex (k=45, p<0.01), left 
middle cingulum (k=35, p<0.01), compared 
with the normal controls. However, they differed 
in connectivity (lower connectivity) with MDD 
in parietal function connectivity, with lower 
connectivity between DLPFC seed and right 
inferior parietal lobule (k=55, p<0.01) as well 
as left inferior parietal lobule (k=38, p<0.01) 
(Figure 4 and Table 4).

 � Correlation between functional
connectivity and the clinical variables of
patients

Correlation between functional connectivity and 
the clinical variables (duration of illness, number 
of episodes, and scores of BDI, BAI, PHQ, 
HDRS) of patients was conducted with REST 
1.8, which suggested a negative correlation 
in MDD patients, between DLPFC-DMN 
functional connectivity and duration of illness 
(r=-0.73, k=51, p<0.01, in left parietal cortex), 
as well as number of episodes (r=-0.80, k=87, 
p<0.01, in right superior medial frontal cortex), 
while a positive correlation was found between 
mPFC-DMN functional connectivity and BDI 
scores (r=0.78, k=39, p<0.01, in left medial 
frontal cortex). RMD patients, in contrast, a 
negative correlation was only reported between 
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 mPFC  DMN 

A MDD-NC  

 Cerebelum R  Frontal_Inf_Orb L 
Cingulum_Mid L 

B RMD-NC

 Frontal_Mid L  Cingulum_Mid L  Temporal_Mid L 
Parietal Lobe L 

C RMD-MDD

 Frontal_Sup L  Temporal_Mid L  Posterior Cingulate and 
precuneus 

3.50

-3.92

-5.59

5.38

-5.63

Figure 2: Function connectivity within the DMN (mPFC seed).
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 DLPFC  CEN 

A MDD-NC   

 Frontal_Mid R 

B RMD-NC  

 Frontal_Mid_Orb R  Frontal_Mid R  Parietal 
Lobe 

C RMD-MDD  

 Parietal Lobule L  Parietal Lobule R 

3.71

-5.12

2.91

-4.68

3.91

-3.15

Figure 3: Function connectivity within the CEN (DLPFC seed).
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Table 2:  Function connectivity within DMN (mPFC seed).
mPFC-DMN Cortex Lateral F/t value Cluster (k) MNI coordinate

x y z

ANOVA of three 
groups

Temporal_Inf L 11.44 65 -57 -24 -21
Pracuneus R 9.70 14 18 -45 3
Pracuneus L 16.26 57 -12 -48 9
Parietal Lobe L 11.55 77 -39 -66 33
Cingulum_Mid L 15.56 57 0 -39 42
Frontal_Mid L 9.42 38 -27 27 57

MDD-NC Cerebrum R -3.74 93 27 -75 -27
Frontal_Inf_Orb L -2.86 22 -15 30 -6
Cingulum_Mid L -3.68 41 -15 -42 39

RMD-NC Frontal_Mid L -4.34 42 -27 27 57
Cingulum_Mid L -4.67 20 -9 -43 41
Temporal_Mid L -4.54 77 -60 -21 -21
Pracuneus R -4.44 19 15 -42 3
Pracuneus L -5.59 186 -12 -48 9
Parietal Lobe L -4.70 80 -42 -66 33

RMD-MDD Frontal_Sup L -4.41 42 -15 27 48
Temporal_Mid L -4.23 68 -54 -24 -15
Posterior Cingulate L -5.63 81 -12 -54 3
Pracuneus R -3.95 48 15 -48 3

Note: L = left. R = right.

Table 3:  Function connectivity within CEN (DLPFC seed).
DLPFC-CEN Cortex Lateral F/t value Cluster (k) MNI coordinate

x y z

ANOVA of three 
groups

Inferior Parietal Lobule L 12.01 43 -42 -60 42
Inferior Parietal Lobule R 15.40 72 42 -57 51

MDD-NC Frontal_Mid R -3.07 21 40 30 30
RMD-NC Frontal_Mid_Orb R -5.07 24 45 51 -6

Frontal_Mid R -4.09 39 48 15 45
Parietal_Sup R -5.12 18 39 -60 54
Inferior Parietal Lobule L -4.64 44 -42 -60 42

RMD-MDD Inferior Parietal Lobule L -4.35 47 -42 -60 39
Inferior Parietal Lobule R -4.69 48 42 -57 51

DLPFC-DMN functional connectivity and 
duration of illness, in right superior orbitofrontal 
cortex (r=-0.85, k=32, p<0.01), right medial 
frontal cortex (r=-0.91, k=47, p<0.01), left 
middle temporal cortex (r=-0.92, k=65, p<0.01), 
and left middle cingulate cortex (in left inferior 
parietal cortex, r = 0.89, k = 113, p < 0.01; right 
inferior parietal cortex, r = 0.81, k = 92, p < 
0.01; and right middle frontal cortex, r = 0.72, 
k = 53, p < 0.01), between number of episodes 
and DLPFC-DMN functional connectivity (in 
left medial frontal cortex, r = 0.84, k = 30, p < 
0.01; and left superior frontal cortex, r = 0.79, k 
= 35, p < 0.01), and between number of episodes 
and mPFC-DMN functional connectivity (in 
right superior medial frontal cortex, r = 0.66, k = 
41, p < 0.01), as well as between mPFC-DMN 
functional connectivity and BDI scores (in left 

parietal cortex, r = 0.73, k = 28, p < 0.01). See 
Figure S5 of Supplemental materials for details.

Discussion

The present study offered a first experimental 
evidence of function connectivity interaction 
between DMN and CEN in both current and 
remitted depression. The current and remitted 
depression shared similar pattern in frontal 
cortex connectivity, but differed in parietal cortex 
connectivity (DLPFC seed, between DMN and 
CEN as well as within CEN), which suggested 
different roles of two cortexes in the remission of 
depression. The remitted depression also showed 
lower connectivity in frontal, temporal, and 
parietal cortexes (mPFC seed, within DMN), 
which indicated a potential over-compensation 
(inhibition) mechanism in the remission process 
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 DLPFC  DMN 

A MDD-NC  

 Frontal_Med_Orb L  Frontal_Sup_Medial R 
Temporal_Sup R 

B RMD-NC

 Frontal_Inf_Orb R  Cingulum_Mid L  Inferior Parietal R 
Inferior Parietal L 

C RMD-MDD   

 Inferior Parietal L 

3.24

-4.1

3.99

-5.50

4.46

-5.24

Figure 4: Function connectivity between the DMN and CEN (DLPFC seed).
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Table 4:  Function connectivity between the DLPFC seed and DMN.
DLPFC-DMN Cortex Lateral F/t value Cluster (k) MNI coordinate

x y z

ANOVA of three 
groups

Temporal_Mid R 11.06 48 66 -27 -9
Frontal_Inf_Orb R 9.72 35 42 42 -9
Inferior Parietal Lobule R 10.24 11 51 -54 30
Inferior Parietal Lobule L 17.01 44 -42 -60 42

MDD-NC Frontal_Med_Orb L -3.57 40 -9 51 -12
Frontal_Sup_Medial R -3.50 103 9 66 18
Temporal_Sup R -4.10 69 66 -6 -6

RMD-NC Frontal_Inf_Orb R -4.64 45 42 54 -9
Cingulum_Mid L -4.35 35 -6 -39 42
Inferior Parietal Lobule R -4.34 55 51 -54 30
Inferior Parietal Lobule L -5.50 38 -42 -60 42

RMD-MDD Inferior Parietal Lobule L -5.24 47 -42 -60 42

of depression. Our findings helped to uncover 
the neural mechanism during the remission of 
depression.

The most important improvement of the 
current work over literature was to observe 
the connectivity between DMN and CEN in 
remitted patients. Within the DMN (mPFC 
seed), the remitted patients showed the lowest 
function connectivity in frontal, temporal, and 
parietal cortexes, compared with the other two 
groups. That is to say, the improvement of clinical 
depression is achieved by over suppressing the 
function connectivity within the DMN. Inspired 
by the literature, which indicated that non-
responders  to  dorsomedial  prefrontal  cortex 
TMS treatment showed significantly 
lower  connectivity  through a classical 
reward pathway comprising ventral 
tegmental area, striatum, and a region in 
ventromedial  prefrontal  cortex (mPFC) [37]. 
In those improving clinically, in contrast, the 
decreased network  coherence in DMN was 
normalized after electroconvulsive therapy 
(ECT) [11]. Taken together, for remitted 
depression, a similar connectivity model with 
the healthy controls in the DMN (mPFC seed) 
could be expected, which were not confirmed by 
our results. However, with the current findings, 
it might suggest a potential over-compensation 
(inhibition) mechanism behind the remission 
of depression. This potential mechanism was 
in a same rationale with the stress resilience 
phenomenon, which confirmed that an 
upgraded hyperpolarization-activated current 
(Ih) in a mild degree resulted in vulnerability, 
while an even larger Ih led to resilience instead 
of vulnerability [40].

Within the CEN (DLPFC seed) as well as 
between the DLPFC seed and DMN, the 

dissociation between the function connectivity of 
frontal cortex and that of parietal cortex between 
the current and remitted patients suggested that 
these two cortexes played different roles in the 
remission process of depression. Specifically, the 
similar lower connectivity pattern between the 
current and remitted depression in frontal cortex 
indicated that the disturbed frontal connectivity 
might be a trait like neural basis of depressive 
episode, which might be a stable predictor of 
high recurrence of depression [22]. In contrast, 
the unique mode of lower connectivity in 
parietal cortex in the remitted patients suggested 
that the decreased parietal connectivity might be 
a reliable neural biomarker of remission [25)]. 
Indeed, previous study has reported that two- 
week antidepressant administration in healthy 
volunteers reduces connectivity between DMN 
and task-positive network (very similar with 
CEN) [41], which is consistent with our results. 
The knowledge, as far as we know, is among the 
first to observe the function connectivity between 
DMN and CEN in the remitted depression, 
which helps to uncover the neural mechanism 
during the remission of depression.

Moreover, a correlation between functional 
connectivity and the clinical variables of 
patients was conducted, which indicated that 
longer duration of illness of MDD patients was 
correlated with decreased functional connectivity 
between DLPFC seed and left parietal cortex, 
and more episodes were correlated with 
decreased functional connectivity between 
DLPFC seed and right superior medial frontal 
cortex. Higher BDI scores (severe depression) 
were correlated with increased functional 
connectivity between mPFC seed and left medial 
frontal cortex. In contrast, longer duration of 
illness of RMD patients was correlated with 
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decreased functional connectivity between 
DLPFC seed and frontal cortex, and more 
episodes were correlated with elevated functional 
connectivity between DLPFC seed and frontal-
parietal cortex, as well as between mPFC seed 
and parietal cortex. Similar with MDD patients, 
higher BDI scores were correlated with increased 
functional connectivity between mPFC seed and 
right medial frontal cortex. The results suggested 
that depressive episodes were correlated with 
increased DMN activity and decreased DLPFC-
DMN connectivity [17], while depression 
remission was correlated with elevated DLPFC-
DMN connection, as well as CEN activity. 
Our findings indicated that elevated DMN 
activity might be a stable marker of occurrence 
or recurrence of depression, decreased DLPFC-
DMN connectivity was a marker of depressive 
episode, while increased DLPFC-DMN 
connectivity and CEN activity was related 
to remission of depression. The knowledge, 
as far as we know, is among the first to reveal 
the relationship between clinical variables and 
function connectivity in the current and remitted 
depression, which helps to offer reliable neural 
markers for clinical treatment of depression.

Limitation: The present study had two 
limitations. Firstly, the intelligence level of 
participants was not assessed, which might 
influence the results in a sense. Secondly, 
patients of current depression were medicated, 
which might influence the behavioral or neural 
response. However, previous research indicated 
no significant influence of medication on 
behavioral or neural response [42].

In conclusion, the present study offers a first 

experimental evidence of function connectivity 
differences between DMN and CEN in the 
current and remitted depression, which helps 
to uncover the neural mechanism during the 
process of depression remission. Specifically, 
the different connectivity mode in parietal cortex 
between the current and remitted depression 
emphasizes the function of parietal cortex in the 
remission of depression, which might be a reliable 
biomarker of remission. The similar connectivity 
pattern in the frontal cortex between the current 
and remitted depression hints a trait like neural 
basis of depressive episode, which might be a 
stable predictor of recurrence. The lower function 
connectivity within the DMN in remitted 
depression suggests a potential over-compensation 
(inhibition) mechanism behind the remission of 
depression. Our results offer important neural 
biomarkers for clinical treatment of depression, 
which could be practiced and tested in the future.
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