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Late-life depression (LLD) is an important public health problem among the aging

population. Recent studies found that mindfulness-based cognitive therapy (MBCT)

can effectively alleviate depressive symptoms in major depressive disorder. The present

study explored the clinical effect and potential neuroimaging mechanism of MBCT

in the treatment of LLD. We enrolled 60 participants with LLD in an 8-week,

randomized, controlled trial (ChiCTR1800017725). Patients were randomized to the

treatment-as-usual (TAU) group or a MBCT+TAU group. The Hamilton Depression Scale

(HAMD) and Hamilton Anxiety Scale (HAMA) were used to evaluate symptoms. Magnetic

resonance imaging (MRI) was used to measure changes in resting-state functional

connectivity and structural connectivity. We also measured the relationship between

changes in brain connectivity and improvements in clinical symptoms. HAMD total scores

in the MBCT+TAU group were significantly lower than in the TAU group after 8 weeks of

treatment (p< 0.001) and at the end of the 3-month follow-up (p< 0.001). The increase in

functional connections between the amygdala and middle frontal gyrus (MFG) correlated

with decreases in HAMA and HAMD scores in the MBCT+TAU group. Diffusion tensor

imaging analyses showed that fractional anisotropy of the MFG-amygdala significantly

increased in the MBCT+TAU group after 8-week treatment compared with the TAU

group. Our study suggested that MBCT improves depression and anxiety symptoms

that are associated with LLD. MBCT strengthened functional and structural connections

between the amygdala and MFG, and this increase in communication correlated with

improvements in clinical symptoms.
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INTRODUCTION

Depression that occurs after 60–65 years of age is typically
referred to as late-life depression (LLD), with a lifetime
prevalence of 16% (1, 2). Late-life depression is an important
public health concern among the aging population, severely
affecting psychological, social, and biological functions (3).
According to data from the World Health Organization, LDD
is currently the leading cause of disability worldwide (4). The
most common treatments for LLD are antidepressants, but side
effects and other limitations can hamper their efficacy. Older
adults are considered a vulnerable population because they
are more likely to suffer from chronic medical conditions and
are sensitive to adverse effects of antidepressants (5). Risks of
drug interactions and undesirable side effects increase because
of metabolic abnormalities that occur with aging and multiple
prescribed medications that are taken for comorbidities (5).
Older patients with depression require extra care from clinical
professionals because of high rates of relapse and recurrence
(6). Psychotherapy can play a significant role in the treatment
of psychiatric disorders. Psychotherapy helps patients with
mood disorders deal with maladaptive thinking and develop
a positive mindset (6, 7). The combination of psychotherapy
and pharmacotherapy was shown to be an effective approach to
treat the acute phase of depression and preventing relapse and
recurrence (7).

Mindfulness-based cognitive therapy (MBCT) is an evidence-
based psychotherapeutic intervention that integrates several
essential elements of cognitive behavioral therapy with
mindfulness meditation (8). Mindfulness training focuses on the
progressive acquisition of mindful awareness to ameliorate stress
and reduce negative feelings and thoughts. Thus, MBCT may
be a good option to treatment stress-related disease. MBCT is
currently recommended by several national clinical guidelines as
a prophylactic treatment for recurrent major depressive disorder
(9, 10), and it is considered a cost-effective intervention. MBCT
usually consists of 8-week group sessions and individual daily
homework between sessions. Since the first edition of the MBCT
manual was published in 2002, mounting interest in MBCT
and its clinical potential has been seen in treating depressive
disorders (11). Previous studies demonstrated that MBCT is
an effective nonpharmacological approach to reduce the risk
of depression relapse/recurrence in young adults with major
depression (12) and patients with LLD in primary care (13, 14).
However, unknown are whether and how specific circuits are
affected by MBCT.

Many studies indicate that abnormal structural and functional
alterations of the brain underlie the pathophysiology of LDD (15–
17). Negative correlations were found between a greater number
of depressive episodes and a reduction of hippocampal volume
(18), with thinning of the medial prefrontal cortex (mPFC) (19).
Illness duration also correlated with a volume reduction of the
hippocampus, putamen, insula, andmPFC (20–22). Resting-state
functional magnetic resonance imaging (fMRI) studies reported
a reduction of connectivity between the amygdala and dorsal
frontal regions in LLD patients (23), with disruptions of the
fronto-parietal network (24). Brain connectivity between the

fronto-parietal network and regions that are involved in sensory
information processing were restored after MBCT in patients
with major depression (25). Additionally, meditation training
is a vital part of MBCT that induces brain network changes
in functional and structural connectivity, such as the fronto-
parietal network, default mode network, and salience network
(26, 27). Prior studies that investigated neural mechanisms of
emotion regulation reported that meditation training heightened
functional connectivity between the amygdala and mPFC (28).
Some attempts have been made to provide initial evidence of
a decrease in structural brain connectivities in MDD (29, 30).
A decrease in fractional anisotropy (FA) of the white matter
tract that connects the subgenual anterior cingulate cortex and
amygdala was observed in adolescents with depression (30).
However, an increase in radial diffusivity of the right uncinate
fasciculus was also reported in patients with MDD (29). Still
unclear, however, is how MBCT affects brain structure and
function to improve symptoms of LDD.

The present study explored whether MBCT as an adjunctive
treatment to treatment as usual (TAU) in LDD patients has
superior outcomes compared with TAU alone. Brain imaging
was performed to evaluate the possible mechanism of adjunctive
MBCT in LDD patients by analyzing brain connectivity and
potential biological correlates. We also investigated whether
white matter integrity between the amygdala and MFG (i.e.,
two brain regions that have shown to be important in MDD)
supports abnormal functional connectivity between these two
brain regions (31, 32). Diffusion-weighted images were collected,
and the FA of fiber tracts that connect the amygdala andMFGwas
compared between patients who received MBCT combined with
TAU or TAU alone. Our findings may contribute to new non-
pharmaceutical strategies for the treatment of elderly patients
with LLD.

MATERIALS AND METHODS

Participants
We recruited outpatients with depression who were over 60
years of age, with no upper age limit, from May 2018 to June
2019. This study was approved by the Ethics Committee of
Peking University Sixth Hospital. All patients provided written
informed consent to participate in the study. All of the subjects
were diagnosed with depression by two experienced psychiatrists
using the Diagnostic and Statistical Manual of Mental Disorders,
4th edition (DSM-IV), and Structured Clinical Interview for
the DSM (SCID). The severity of depression was assessed
using the 24-item Hamilton Depression Scale (HAMD). The
severity of anxiety was assessed using the Hamilton Anxiety
Scale (HAMA). Overall cognitive function was rated using
the Mini-Mental State Examination (MMSE). For all of the
subjects, the exclusion criteria included the following: (1)
current or previous diagnosis of schizophrenia, bipolar disorder,
substance abuse, substance-induced depression, or dementia,
(2) MMSE score < 26, (3) severe somatic disease (e.g., brain
tumors, metastatic cancer, or unstable cardiac, hepatic, or renal
disease), (4) treatment with antidepressants (except selective
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FIGURE 1 | Flow chart of the study.

serotonin reuptake inhibitors [SSRIs] and selective serotonin-
norepinephrine reuptake inhibitors [SNRIs]), (5) current suicidal
ideation, (6) left handed, and (7) any contraindication to fMRI
(e.g., having a pacemaker or implanted metal). In this study,
participants were informed about assignment while assessors
remained blind.

Study Design
This was a single-center, randomized, parallel-group,
controlled trial that was registered with ClinicalTrials.gov
(no. ChiCTR1800017725). The study consisted of three phases:
screening phase, 8-week treatment phase, and up to a 3-month
follow-up phase. Following baseline measure completion, eligible
patients were randomly divided into the MBCT+TAU group
or TAU group. The MBCT+TAU group was given 8 weeks of
the MBCT intervention with current antidepressant treatments.
The TAU group continued to receive their usual antidepressant

treatments only (Figure 1). In the MBCT+TAU group, 22
patients received SSRIs (15 escitalopram, 20 mg/day; 5 sertraline,
150-200 mg/day; 2 fluoxetine, 20 mg/day), and eight patients
received SNRIs (5 duloxetine, 60–90 mg/day; 3 venlafaxine,
150–225 mg/day). In the TAU group, 23 patients received SSRIs
(16 escitalopram, 20 mg/day; 7 sertraline, 150–200 mg/day), and
seven received SNRIs (3 duloxetine, 60–90mg/day; 4 venlafaxine,
150–225 mg/day).

The MBCT protocol was based on a manualized 8-week
meditation-based skills-training group program (8) and adapted
to be more suitable for elderly individuals with depression.
MBCT was adapted to cater older adults’ physical condition
and prevent them falls. Furthermore, we would provide online
support offers for them to better understanding MBCT program.
During 8-week treatment, the guided meditations ranged
from 60 to 90min once weekly. Mindfulness were supervised
45min daily by themselves. Patients were recommended to
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practice mindfulness voluntarily at home. The time of voluntary
mindfulness practice were recorded per day by a mindfulness
practice log. We visited patients in the TAU group weekly to ask
about adverse events. The TAU group did not receive any other
psychotherapy. We evaluated changes in depressive and anxiety
symptoms using the 24-itemHAMD as the primary outcome and
HAMA as the secondary outcome at baseline, at the end of 8
weeks of treatment, and at the 3-month follow-up.

Functional Magnetic Resonance Imaging
To further explore possible mechanisms of MBCT, fMRI was
performed to measure changes in brain function during the
resting state (33, 34) in LLD patients before and after treatment
at baseline (pre-test) and 8 weeks (post-test). fMRI data for
all participants were acquired using a research-dedicated 3.0 T
GE EXCITE HD scanner (GE Medical Systems, Milwaukee, WI,
USA) at Peking University Sixth Hospital with an 8-channel head
coil. For each participant, high-resolution T1-weighted structural
images were acquired using the following parameters: field of
view (FOV)= 25.6 cm3, flip angle= 12◦. Eight-min resting-state
fMRI scans were performed using a gradient-echo echo-planar
imaging (EPI) sequence (FOV= 22.0 cm3, TR= 2,000ms, TE=

30ms, flip angle= 90◦, number of slices= 43, total scans= 240).
We then performed diffusion tensor imaging (DTI) scans by a
gradient-echo EPI sequence (FOV = 22.0 cm3, TR = 2,000ms,
TE = 30ms, flip angle = 90◦, number of slices = 43, total scans
= 240). To reduce motion artifacts, the participant’s head was
fixed with foam pads on the scanner bed. Each participant was
instructed to stay still and awake during data acquisition.

Diffusion Tensor Imaging Data
Diffusion tensor imaging data were processed using tools that
are included in the Functional MRI of the Brain (FMRIB)
Software Library (FSL), which is used for motion and eddy-
current correction. A diffusion tensor model was fit at each voxel
using DTIFIT. For individual FA images, the FMRIB Diffusion
Toolbox (FDT) was used to fit a diffusion tensor to raw diffusion
data, and the brain was extracted using the Brain Extraction Tool
(BET). All subjects’ FA images were aligned into a common space
using the FNIRT nonlinear registration tool. The threshold of the
mean FA skeleton image was 0.2.

Data preprocessing and FA values for each white matter
tract were calculated using automated whole-brain atlas-based
tractography with above method. Preprocessing was performed
using the FSL. First, non-brain tissue was deleted with the
brain extraction tool from eddy current-corrected diffusion
MRI data. Diffusion indices, such as FA, tensors, and the first
eigenvector, were calculated using the FMRIB Diffusion Toolbox.
Finally, linear and non-linear registrations were conducted using
the FMRIB Linear Image Registration Tool, followed by the
FMRIB Nonlinear Image Registration Tool. Automated fiber
tracking with the tensor deflection method was performed
with 54 white matter parcels, which were prescribed based on
the Johns Hopkins University Diffusion Tensor Imaging-based
white-matter atlas. The FA value at each stepping point (stepping
width: 0.5mm) along each fiber was calculated by interpolation
using volume data for the center points of the nearest eight

voxels around the stepping point. The terminate criteria were
FA < 0.25 and flip angle > 45◦. Fiber tracking procedures were
performed using MATLAB R2015b for Windows (MathWorks,
Natick, MA, USA).

Data Analysis
Functional image preprocessing was performed using CONN
software (http://web.mit.edu/swg/software.htm). Briefly, after
excluding the first 10 images to ensure signal equilibrium,
functional images were corrected for head motion and temporal
differences. A subject was excluded if any translation or rotation
parameters in this subject’s dataset exceeded ± 2.5mm and/or
± 2.5◦. The corrected functional images were first co-registered
to each subject’s T1 images without re-slicing. T1 images were
then normalized toMontreal Neurological Institute (MNI) space,
which generated a transformed matrix from native space to MNI
space. Functional images were then transformed to MNI space
using this matrix and resampled at 3 × 3 × 3 mm3. Outlier
detection was performed on the normalized images. Finally, all
images were smoothed with a 6mm full width at half maximum
Gaussian kernel.

An Anatomical Automatic Labeling cortical and sub-cortical
atlas was used to segment the whole brain into 116 anatomical
regions of interest (ROIs). For each subject, each ROI time
series was extracted as the average time series across all voxels
within that region. To remove spurious sources of variance,
all ROI time series underwent the following steps: (1) linear
detrending, (2) regressing out the six head motion parameters
and their first-level derivative, the averaged cerebrospinal fluid
and white matter signals, and the scrubbing signal from the
time series, and (3) 0.01–0.1Hz band-pass filtering. All of
these steps were accomplished using CONN software. Finally,
Pearson correlation coefficients were calculated between each
pair of preprocessed ROI time series, and a temporal correlation
matrix was generated for each subject. We analyzed changes
in the functional connectivity of these ROIs between the two
groups before and after treatment. Functional connectivity
with significant group × time interactions in the two groups
was investigated.

DTI data preprocessing was performed using FSL package. To
compare between-group differences in white matter integrity of
the uncinate fasciculus in both the right and left hemispheres,
four seed regions (two seeds for each hemisphere) that
represented the amygdala and MFG were defined as volumetric
regions based on the anatomical automatic labeling atlas that
is available within the FSL package (https://fsl.fmrib.ox.ac.uk/
fsldownloads_registration). These seeds were selected to anchor
the endpoint of tracks that constituted the uncinate fasciculus.
For each hemisphere and each subject/visit, the uncinate
fasciculus mean summary values (i.e., FA, mean diffusivity, axial
diffusivity, and radial diffusivity) were extracted using TrackVis
software (http://www.trackvis.org/). Finally, two-sample t-tests
were performed to investigate white matter integrity of the
uncinate fasciculus within the two groups. Significant changes
in FA at baseline were correlated with neuropsychological data
to investigate whether individual differences in white matter
integrity were associated with the extent of depression. We
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reanalyzed the brain images using the false discovery rate (FDR)
for multiple comparison correction.

Statistical Analysis
Demographic and clinical characteristics were analyzed
for between-group differences using two-sample t-tests for
continuous variables and the χ

2 test for categorical variables.
The total time of voluntary mindfulness practice was summed
by daily homework practice time (in hour). Repeated-measures
analysis of variance (ANOVA) was used to analyze differences
in clinical measures, with group (MBCT+TAU vs. TAU) and
time (Pre vs. Post) as factors. Pearson correlation analyses were
performed to assess correlations between significant functional
connectivity findings and the clinical variables, including
HAMD scores and HAMA scores, in each group separately.
The tests were two-tailed. Values of p < 0.05 were considered
statistically significant.

RESULTS

Demographic Results
A total of 60 patients were recruited and randomly assigned to
the MBCT+TAU group (n = 30; age [mean ± SD] = 62.33 ±

7.26 years) or TAU group (n = 30; age [mean ± SD] = 61.96
± 5.56 years). Table 1 shows the baseline characteristics and
demographics of these patients. In the randomized treatment
phase, complete data were available from 30 participants (30/30,
100%) in the MBCT+TAU group. Of the 30 participants in the
TAU group, 25 participants (25/30, 83.33%) had two-session MR
scanning and follow-up data, four withdrew at 8-week follow-
up, and one dropped out at 3 months (Figure 1). No significant
differences were found between the two groups in age (t = 0.285,
p = 0.776), sex ratio (χ2 = 0.373, p = 0.761), Body Mass Index
(t = −1.773, p = 0.082), age at onset of depression (t = 0.220,
p = 0.827), duration of depression (t = −0.196, p = 0.846), or
number of episodes (t =−0.643, p= 0.523).

HAMD and HAMA Scores
For our primary outcome, changes in HAMD scores after 8 weeks
of treatment and 3 months later were analyzed. For patients
with adjunctive MBCT treatment, HAMD scores decreased from
baseline (17.67 ± 6.68) to 8-week follow-up (5.83 ± 4.92). In the
TAU group, mean HAMD scores were 18.56± 7.00) and 11.00±
5.29 at baseline and 8-week follow-up, respectively. There were
no significant differences between the two groups in HAMD at
baseline (p = 0.631). The repeated-measures ANOVA revealed
main effects of time [F(2,106) = 98.48, p < 0.001) and group
[F(1,53) = 12.43, p = 0.001] and a significant time × group
interaction [F(2,106) = 3.38, p = 0.038; Figure 2A]. We found
evidence of a greater reduction of depressive symptoms both
after 8 weeks of treatment (p < 0.001) and at the end of the 3-
month follow-up (p < 0.001), as measured by the HAMD in the
MBCT+TAU group compared with the TAU group.

We also analyzed correlations between the time of voluntary
mindfulness practice and improvements in depressive symptoms
after treatment. Figure 2B shows that the time of voluntary
mindfulness practice in the MBCT+TAU group was significantly

TABLE 1 | Demographic and clinical characteristics of the participants.

MBCT+TAU

group

(n = 30)

TAU group

(n = 30)

t/χ2 p

Age (years) 67.66 ± 5.93 67.22 ± 5.78 0.285 0.776

Sex (% male) 6 (20%) 8 (26.7%) 0.373 0.761

Education

(years)

13.73 ± 2.66 12.5 ± 3.08 1.658 0.103

Body mass

index

22.64 ± 2.42 23.63 ± 1.83 −1.773 0.082

Onset age

(years)

62.33 ± 7.26 61.96 ± 5.56 0.220 0.827

Duration

(months)

48.23 ± 43.36 50.23 ± 35.41 −0.196 0.846

Number of

episodes

2.36 ± 1.77 2.66 ± 1.84 −0.643 0.523

Current type

of medication

SSRIs 22 23 0.089 0.766

SNRIs 8 7 0.089 0.766

The results are expressed as mean ± standard deviation. SSRIs, selective serotonin

reuptake inhibitors; SNRIs, serotonin and norepinephrine reuptake inhibitors.

negatively correlated with HAMD total scores at the end of
treatment (r =−0.374, p= 0.042).

The repeated-measures ANOVA of HAMA scores showed
main effects of time [F(2,106) = 110.77, p < 0.001] and group
[F(1, 53) = 4.18, p = 0.046] but no time × group interaction
[F(2,106) = 1.99, p = 0.142; Figure 2C]. Patients in both groups
exhibited reductions of anxiety symptoms after treatment.

Resting-State Functional Connectivity
We found that after 8 weeks of treatment, functional connectivity
of the right MFG-right amygdala, right amygdala-right frontal
pole, and left supraoccipital lateral cortex-left cerebellum VII
significantly increased in the MBCT+TAU group compared with
the TAU group. The degree of functional connectivity of the
left insula-left precentral gyrus, left insula-right cerebellum VII,
and left hippocampus-right intracalcarine cortex significantly
decreased (Figure 3A). Correlation analysis was used to explore
the relationship between changes in functional connectivity
directly and improvements in symptoms. The results showed
that changes in functional connectivity of the right MFG-right
amygdala in the MBCT+TAU group significantly positively
correlated with changes in HAMD scores (r = 0.52, p = 0.004
after FDR corrected) and changes in HAMA scores (r = 0.49, p
= 0.006 after FDR corrected), whereas no significant correlations
were found in the TAU group (Figure 3B).

Diffusion Tensor Imaging Measures
One participant in each group was excluded because of poor
image quality for the DTI analysis. Figure 4 shows FA of the
MFG-amygdala before and after therapy in the two groups. The
repeated-measures ANOVA showed significant time × group
[F(1,51) = 4.829, p = 0.033] and time × hemisphere [F(1,51) =
27.524, p < 0.001] interactions and significant main effects of
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FIGURE 2 | Clinical measures from baseline to endpoints in the two groups. (A) Changes in HAMD scores in the MBCT+TAU group and TAU group. (B) Correlation

between meditation practice time and HAMD scores. (C) Changes in HAMD scores in the MBCT+TAU group and TAU group. ***p < 0.001.

time [F(1,51) = 34.757, p < 0.001] and hemisphere [F(1,51) =

5.800, p = 0.02] but no hemisphere × group [F(1,51) = 0.029,
p = 0.866] or time × hemisphere region × group [F(1,51) =

0.335, p = 0.565] interaction and no main effect of group [F(1,54)
= 6.30, p = 0.015]. Considering the significant time × group
interaction, we performed a simple-effect analysis. The results
showed that FA of theMFG-amygdala in theMBCT+TAU group
increasedmore than in the TAU group after 8 weeks of treatment,
especially in the right hemisphere. All the results were corrected
using FDR.

DISCUSSION

The present study investigated MBCT as an adjunctive treatment
to TAU to reduce depression symptoms in patients with LLD and
its underlying neuroimagingmechanisms.We found that 8 weeks
of adjunctive MBCT with TAU resulted in superior improvement
in depressive symptoms in patients with LLD. We also found
that MBCT increased functional and structural connectivity
between the right MFG and right amygdala, and the increase
in brain connectivity positively correlated with improvements in
clinical symptoms.

Depressive symptoms significantly decreased after 8 weeks
of MBCT, which is consistent with previous studies (35–
38). A previous study reported that patients who received
MBCT experienced the significant relief of depressive symptoms,
whereas the TAU group did not exhibit a significant reduction
of depressive symptoms (36). An 8-week course of MBCT was

more effective than sertraline monotherapy in patients with
acute depression (37). Patients with LDD often experience a
greater rate of anxiety symptoms, which hampers recovery (35,
39). Our findings indicated that MBCT alleviated both anxiety
and depressive symptoms, achieving better outcomes than drug
monotherapy. At the 3-month follow-up, a persistent decrease
in depressive symptoms was observed, and HAMD scores were
significantly lower in the MBCT+TAU group compared with the
TAU group. These results indicate thatMBCTmaintained a long-
term therapeutic effect in elderly individuals with LLD. We also
found a positive correlation between the duration of mindfulness
practice and mental health at the 3-month follow-up, which was
consistent with a previous study (40). Therefore, MBCT appears
to be a viable treatment option for aging patients with depression,
especially individuals who suffer from undesirable side effects
that are caused by pharmacotherapy.

To clarify the mechanism of MBCT, we explored changes
in brain communication that were induced by MBCT using
fMRI. Changes in functional connectivity of the right MFG-
right amygdala in the MBCT+TAU group and improvements
in HAMD scores and HAMA scores were significantly positively
correlated. These results were partially consistent with previous
studies that investigated neuro-mechanisms in depression
patients, which also found abnormalities in connectivity in the
amygdala, frontal region, insula, and hippocampus (41, 42). The
amygdala is considered to be involved in affective modulation
(43, 44) and has been implicated in LLD pathophysiology (45).
A previous study found that responses of the amygdala were
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FIGURE 3 | Differences in changes in resting-state functional connectivity and correlations. (A) Difference in changes in resting-state functional connectivity in the two

groups. (B) Correlation between resting-state functional connectivity and clinical measures.

FIGURE 4 | Fractional anisotropy of the MFG-amygdala before and after therapy in the two groups. (A) Fractional anisotropy of the right MFG-amygdala before and

after therapy in the two groups. (B) Fractional anisotropy of the left MFG-amygdala before and after therapy in the two groups.
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modulated by subjective experience and may reflect variations
in the ability to regulate mood (46). In the present study,
the increase in functional and structural connectivity between
the right MFG and right amygdala could reflect or underlie
alterations of the involvement of brain areas in conscious and
cognitively controlled emotion processing in LLD patients after
MBCT. Furthermore, functional and microstructural changes
in the MFG have been shown to play a crucial role in
depression (47–49). The increase in FA of the MFG correlated
with a decrease in depressive symptoms (50). Our results
were similar to a recent study (51) that found that patients
with anxious depression exhibited lower functional connectivity
between the right centromedial/laterobasal amygdala and right
MFG relative to patients with non-anxious depression (51).
Other studies showed that improvements in mood positively
correlated with an increase in amygdala-MFG connectivity
strength (52). These results indicate that MBCT may strengthen
brain communication between the rightMFG and right amygdala
and further alleviate both anxiety and depression symptoms in
LLD patients.

During 8 weeks of MBCT, meditation appeared to play
an important role in improving symptoms. The time of
voluntary mindfulness practice significantly negatively correlated
with the severity of depressive symptoms. A previous study
showed that meditation altered brain structure and neuronal
plasticity (53). Cortical thickness and the activity of several
specific brain regions increased during meditation, such as
the hippocampus, whereas a decrease in activity was found
in the amygdala (54–57). Stronger functional connectivity
was found between the posterior cingulate, dorsal anterior
cingulate, and prefrontal cortices was observed in experienced
meditators (58, 59). Future studies are needed to explore
changes in brain function and structure in patients with LLD
during meditation.

Limitations of the present study should be noted. The
most obvious limitation was the relatively small sample size,
which may have influenced statistical power. Additionally,
although we attempted to control for antidepressant use,
the inclusion of patients who used medication may have
confounded our findings. Furthermore, the absence of a health
education control to evaluate the placebo effect of MBCT
was also a limitation. Large-sample, intervention-controlled,
randomized trials should be conducted to investigate the
effects and underlying neural mechanisms of MBCT in patients
with LDD.

CONCLUSION

In conclusion, the present study provided efficacy outcomes of
adjunctive MBCT with antidepressants in LLD patients. Our
data indicate that changes in right MFG-amygdala connectivity
were related to improvements in clinical symptoms of LLD
after MBCT.
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