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Many patients with major depressive disorder (MDD) suffer from residual symptoms. Rumination is a specific known risk factor for the onset, severity, prolongation, and relapse of MDD. This study aimed to examine the efficacy and EEG substrates of mindfulness-based cognitive therapy (MBCT) in alleviating depression and rumination in an MDD population with residual symptoms. We recruited 26 recurrent MDD individuals who had residual symptoms with their current antidepressants to participate in the 8-week MBCT intervention. We evaluated the efficacy and changes in the dynamics of resting-state theta rhythm after the intervention, as well as the associations between theta alterations and improvements in depression and rumination. The participants showed reduced depression, enhanced adaptive reflective rumination, and increased theta power and phase synchronization after MBCT. The increased theta-band phase synchronizations between the right occipital regions and the right prefrontal, central, and parietal regions were associated with reduced depression, while the increase in theta power in the left parietal region was associated with improvements in reflective rumination. MBCT could alleviate depression and enhance adaptive, reflective rumination in recurrent MDD individuals with residual symptoms through the modulation of theta dynamics in specific brain regions.
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INTRODUCTION

Major depressive disorder (MDD), one of the most common psychiatric disorders with high prevalence, heterogeneous causes, and variable treatment response, is associated with the number of years lived with disability at a global level (1). Many patients, even those with marked improvements after first-line treatment, suffer from depression-related symptoms (called residual symptoms) of various intensities and have a higher probability of experiencing a chronic course and relapse of depressive episodes (2, 3).

Rumination, characterized as repetitive, prolonged, self-reflective, and uncontrollable focus on symptoms of distress and its potential antecedents or repercussions (4), has been well-accepted to directly contribute to more severe depressive symptoms, chronicity of the depressive episode, and a higher risk of depressive relapse (4–6). Given its robust relationship with depression, rumination has been identified as a malleable target for the prevention of and intervention for MDD (7).

Mindfulness-based cognitive therapy (MBCT) is an evidence-based, manualized and systematic 8-week group training that combines traditional elements of cognitive-behavior therapy with novel mindfulness meditation techniques in an integrated manner (8). MBCT trains participants to recognize and disengage from maladaptive automatic cognitive patterns and to develop a non-judgemental and compassionate attitude toward their own cognitions and feelings (9). MBCT has been demonstrated to be effective in reducing relapse (10) and depressive symptoms in currently depressed patients (11). Recently, MBCT effects on rumination during depressive episodes was also reported (9, 12, 13). However, it is not clear whether MBCT is effective in alleviating depression and rumination in patients who have residual symptoms with their current antidepressants. It is worth investigating the efficacy of MBCT and exploring the underlying neurophysiological substrates.

Electroencephalography (EEG) studies have identified some changes in brain oscillations as a mechanism of mindfulness, such as alpha power, theta power, and synchronization (14–16). It is accepted that theta band subserves recruitment of meta-awareness and cognitive control to sustain the meditative state (17), while alpha band maintains the cortical arousal to avoid perturbations by external stimuli (18). Evidence from functional magnetic resonance imaging (fMRI) studies have suggested that the default mode network (DMN), frontoparietal network (FPN), cingulo-opercular network (CON), and the reorganization of internetworks are also important in mindfulness-based interventions (19–22). However, the mechanisms by which mindfulness-based neuroplasticity alleviates depression and rumination require further investigation. In search of the neural substrates of depression and rumination, EEG and fMRI studies have demonstrated altered structures in dynamic EEG oscillatory patterns and aberrant brain functional networks in MDD (23–25). Evidence from fMRI has identified that rumination is related to aberrant activity and connectivity of various regions and networks, such as key nodes in the DMN, including the inferior parietal cortex (IPC), posterior cingulate cortex (PCC), precuneus, and so on (26–29), but thus far, there is very little information on the effects of rumination on power and phase coupling in different frequency ranges.

Considering the evidence cited above and the role of theta rhythms in emotion, cognition and meditation, we speculated that MBCT would moderate the aberrant dynamics in theta oscillations in specific brain regions in the resting state without external stimuli to improve depression and rumination in MDD patients who have residual symptoms with their current antidepressants. In the current study, we aimed to achieve three objectives: (a) investigate the efficacy of MBCT in alleviating depression and rumination in a recurrent MDD population with residual symptoms with their current antidepressants, (b) identify the changes in the dynamics in theta rhythm (including power and interregional phase synchrony) affected by an 8-week MBCT, and (c) explore the associations between MBCT-induced theta alterations and score changes in depression and rumination (assessed by questionnaire).



MATERIALS AND METHODS


Participants

A total of 45 recurrent MDD patients with residual symptoms (age range, 18–65 years) were recruited between March 1, 2017, and September 1, 2017, from outpatient psychiatric units at Peking University Shougang Hospital. All participants met the criteria for a diagnosis of recurrent MDD based on the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), which includes a score of more than 7 and less than 18 on the 17-item Hamilton Rating Scale for Depression (30) (HDRS17). At the time of baseline assessment, all patients had been taking standardized antidepressant treatment, without adjustments in medicine type and dosage for more than 8 weeks. The exclusion criteria were (a) psychotic episodes, dementia, bipolar disorder, substance dependence or abuse; (b) any unstable medical conditions or known neurological disease; (c) pregnancy or a plan to become pregnant during the study; and (d) any experience with mindfulness meditation, regular yoga or psychotherapy prior to this study.

The drop-out criteria were as follows: (a) symptom fluctuation or aggravation that caused the patient to be unable to continue to participate or mania symptoms emerged during the study; (b) less than 4 MBCT sessions completed; and (c) changes in antidepressants or increases in medicine dosages during the study.

Finally, 35 participants completed the 8-week intervention, and EEG data were not collected from 9 of them. Therefore, complete datasets were available from 26 participants (mean age = 49.46 ± 13.11 years; 7 males) for data analysis in this study. The study was approved by the Ethics Committee of the Peking University Shougang Hospital. Participants gave their written informed consent prior to participating in the study and were treated in accordance with the Declaration of Helsinki.



Questionnaire Assessment

Prior to receiving an 8-week MBCT training course and after 4 weeks and 8 weeks of training, the participants completed the questionnaire battery, which included (a) the HDRS17, the rating scale for depression, administered by certified psychiatrists who did not participate in the MBCT intervention—remission of MDD was defined as an HDRS17 total score ≤ 7 at week 8; (b) the 21-item Beck Depression Inventory (BDI), the self-evaluated scale for depression; (c) the well-validated Chinese version of the 22-item Ruminative Response Scale (RRS) (31), with the two facets (32) of brooding rumination (RRS-B, 5 items), which is a maladaptive process, and reflective rumination (RRS-R, 5 items), which is an adaptive strategy because it may facilitate problem-solving, were calculated; and (d) the Chinese version of Five Facet Mindfulness Questionnaire (FFMQ), one of the well-studied and reliable measures of mindfulness.



Mindfulness-Based Cognitive Therapy

The adopted intervention was standardized antidepressants combined with the 8-week group-based MBCT program (33), which consisted of one group meeting per week (2.5 h each time) and recommended daily home practice (30–40 min per day) for 8 weeks. The courses were designed based on “Mindfulness-based cognitive therapy for depression” (33). The first 4 weeks of the course led the participants to practice basic skills of mindfulness, recognize the automatic ways of acting, and direct their attention to the present moment by focusing on the breath and body sensations through mindfulness practices. The 5th to 8th weeks of the course aimed to sharpen participants' mindfulness practice to develop the participants' skills in handling depressed mood and aversive cognition. All procedures were guided by a group therapist certificated to facilitate mindfulness interventions. The participants were led by the therapist with guided meditation training and in-class practices, experiential exercises, and discussions of their daily practices. During the whole MBCT intervention, the participants needed to keep their antidepressant treatment unchanged.



EEG Acquisition and Preprocessing

Prior to receiving an 8-week MBCT training course and after the 8-week training, resting-state eyes-closed EEG signals were continuously collected for 10 min using the EEG data acquisition system (ANDETE-2010, Guangzhou Million Andey Electronic Technology Co., Ltd.) with a standard 18-channel cap based on the International 10/20 extended system of electrode positions. The EEG signals were amplified with bandpass filtering at 0.5–200 Hz and a sampling rate of 512 Hz, referenced to the bilateral mastoids. All subjects remained lying in a relaxed and comfortable position in a sound attenuating room, remained awake with their eyes closed, and did not to move or talk.

Signals were analyzed offline with the MATLAB R2014a (MathWorks, Natick, MA, USA)-based EEGLAB toolbox (http://sccn.ucsd.edu/eeglab/). EEG data were rereferenced to average and bandpass filtered in the range of 0.5–45 Hz to avoid the interference of 50-Hz signals. Conspicuous baseline drift and artifacts caused by eye movement, significant muscle activity and movement were eliminated by visual inspection of the time series.



EEG Signal Processing
 
Power Spectrum Analysis

To obtain the power of the resting-state EEG data, the wavelet-based power spectrum analysis method with a wavelet central angle frequency of 6 (ω = 6) (34, 35) was employed. Briefly, the signals were divided into a series of 2-s epochs. Power values of each epoch across all electrodes were calculated from 0.5 to 45 Hz, with a step size of 0.5 Hz. Finally, the power values of the whole signal were obtained by averaging the power over all epochs. The following five frequency bands were examined: 1–4, 4–8, 8–13, 13–30, and 30–45 Hz, corresponding to the delta, theta, alpha, beta and gamma bands, respectively.



Theta-Band Phase Locking Value (PLV)

Interregional phase synchrony in the theta band was quantified by calculating the theta-band phase locking value (PLV) (36). Briefly, EEG signals from single 2-s-epochs were first transformed into narrowband signals in the theta band through bandpass filtering (4–8 Hz). The instantaneous phase for each time point was calculated from the narrowband signal by Hilbert transform. The PLV between two electrodes was calculated for each time point by averaging the phase difference across all epochs of the whole signal.




Statistical Analyses

First, intervention effects were evaluated using paired t-tests on the clinical, psychological and the two EEG variables (powers and pairwise PLV), with effect sizes quantified using Cohen's d. Second, we performed linear regression analysis to examine the relationships between the changes in those significant EEG variables and those in the HDRS and RRS scores (reflective rumination). Considering the multiple comparisons, the significance level of P < 0.05 was corrected by a false discovery rate (FDR).




RESULTS


Intervention Effects on Clinical and Psychological Characteristics

Table 1 shows the summary of the clinical and psychological variables for the recurrent MDD individuals with residual symptoms. The overall remission rate was 88.46% at week 8 (only 3 participants had HDRS scores > 7). Compared with the pre-MBCT scores, HDRS scores and BDI scores significantly decreased after MBCT, whereas the mindfulness level (FFMQ score) significantly increased. Although RRS total scores did not significantly decrease, the percentage of reflective facets (RRS-R) was markedly enhanced.


Table 1. Changes in clinical and psychological variables.
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Alterations in EEG Theta Activity After MBCT

Figures 1, 2 present the significant changes in resting-state theta activities in the recurrent MDD population with residual symptoms.


[image: Figure 1]
FIGURE 1. Changes in the EEG power spectra after the 8-week MBCT intervention. (A) The average absolute EEG power in 5 frequency bands before (black columns) and after MBCT (red columns). The Y-axis represents power values, and the X-axis represents the frequency bands. A marked increase in power in the theta frequency was observed after intervention. *P < 0.05, FDR uncorrected. All data are expressed as the means ± SEM (n = 26). (B) Topographic distribution of statistically significant theta power after MBCT compared to baseline before MBCT. Values are color coded: red = P < 0.05; green = not significant; uncorrected for the number of electrodes tested.
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FIGURE 2. Changes in theta-band phase synchronization after the 8-week MBCT intervention. (A) Bar plot of theta-band phase synchronization after MBCT compared with that before MBCT; P = 0.0755. Bars and vertical lines indicate mean and standard errors, respectively. (B) Topological comparison of theta-band phase locking value after MBCT intervention. Each edge represents a significantly reduced theta-band phase locking value after the intervention based on a P-value of 0.05 (FDR corrected).


After the 8-week MBCT intervention, we observed increased theta power (P = 0.0357, d = 0.433), especially in the bilateral frontal lobes (electrode F3, F4), the left tempo-parietal region (electrode C3, P3, T3) and the right occipital region (electrode O2) (P < 0.05, FDR uncorrected; Figure 1).

There was a marginally significant increase in theta-band phase synchronization (P = 0.0755) after the 8-week MBCT, and we further observed that the markedly increased theta-band phase synchronizations were mainly located in the right hemisphere (P < 0.05, FDR corrected; Figure 2).



Depression-Related, Reflective Rumination-Related Theta Changes After MBCT

We applied regression analysis to the significant theta variables and illustrated prominent associations between power changes in the theta bands (Δtheta power) and the change rate of HDRS scores and between the PLV changes in the theta band (Δtheta PLV) and the change rate of HDRS scores after MBCT. We noticed that the Δtheta PLV between the right occipital region and the right prefrontal, central, and parietal regions (electrode pairs: O2-Fp2, O2-Cz, O2-Pz, rs = 0.39–0.51; Ps = 0.0078–0.048, FDR uncorrected), not Δtheta power, were positively associated with the change rate of HDRS scores (Figure 3).


[image: Figure 3]
FIGURE 3. Associations between the changes in the dynamics of the EEG theta rhythm and the change rate of HDRS scores. (A) An example of the positive correlation between Δtheta PLV at the right occipital-central areas (electrode pair O2-Cz) and the change rate of HDRS scores (r = 0.51, P = 0.0078). Shaded areas delineate the confidence interval of 95%. (B) Topological correlations between Δtheta PLV and the change rate of HDRS scores. Each edge represents significantly positive correlations based on a P-value of 0.05.


Similarly, we applied regression analysis to the significant theta variables and illustrated the prominent associations between the power changes in the theta bands (Δtheta power) and the changes in RRS-R percentages (ΔRRS-R) and between the PLV changes in the theta band (Δtheta PLV) and the changes in RRS-R percentages (ΔRRS-R) after MBCT. The ΔRRS-R was significantly associated with only Δtheta power in the left parietal region (electrode P3; r = 0.45, P = 0.023; Figure 4). No significant correlations were found between Δtheta PLV and ΔRRS-R.
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FIGURE 4. Associations between the changes in the dynamics of EEG theta rhythm and the changes in reflective rumination. (A) Positive correlation between Δtheta power in the left parietal region (electrode P3) and ΔRRS-R (r = 0.45, P = 0.023). Shaded areas delineate the confidence interval of 95%. (B) Topological correlations between Δtheta PLV and ΔRRS-R.





DISCUSSION

The efficacy and changes in resting-state EEG activities after 8 weeks of MBCT intervention were evaluated among recurrent MDD participants who had residual symptoms with their current antidepressants. We evaluated the MBCT intervention effect by observing changes in the questionnaire indices relative to their pretraining scores. The results indicated significant reductions in depressive symptoms and increases in mindfulness level and reflective rumination, denoting the alleviation of abnormal rumination among the depressed individuals with residual symptoms after MBCT. With regard to EEG dynamics, the results indicated that MBCT increased resting-state theta power across widely distributed regions and phase synchronization mainly in the right hemisphere. Furthermore, the change rate of HDRS scores showed positive correlations with theta-band phase synchronizations between the right occipital regions and the right prefrontal, central, and parietal regions, while the RRS-R exhibited a positive correlation with theta power in the left parietal region, implying that specific theta activities participated in the alleviation of depressive symptoms and regulation of ruminative responses.

In line with the previous evidence, the MBCT intervention alleviated the depressive symptoms and increased the mindfulness level. Although the rumination total score did not significantly change after the MBCT in our study, the percentage of reflective rumination increased. Considering that rumination includes depressive, brooding and reflective facets, previous studies noticed that patients with MDD showed more severe rumination with abnormal construct (37, 38), reflecting the interior disturbance in the balance between adaptive and maladaptive rumination. Thus, the relative increase of adaptive, reflective rumination might reflect the process of modulation and rebalance in ruminative responding via the MBCT intervention.

Our results demonstrated increased theta power in the bilateral frontal lobes, the left temporoparietal region and the right occipital region and enhanced phase synchronizations in the theta band mainly in the right hemisphere after MBCT. These results are consistent with previous suggestions that mindfulness meditation produces increased theta power (39, 40), as well as alterations in functional connectivity across brain networks (19, 41, 42). In a pilot study (43), individuals with bipolar disorder showed decreased theta-band power, and post-MBCT individuals showed an increasing trend in theta power. In addition, the regionally increased theta power and phase synchronization after treatment is also in line with previous findings that reported that patients with MDD had less parietal-occipital theta oscillation, abnormal short-range anterior functional connectivity, and asymmetry, as well as a reduced global network strength and clustering coefficient in the theta frequency (23, 24, 44–47). Therefore, our findings indicated that MBCT-induced neural plasticity in theta dynamics reversed, to some extent, abnormalities that occur in MDD.

Further evaluation of the relationship between the MBCT-induced theta alterations and depressive symptoms revealed that the reduced HDRS scores were correlated with theta-band phase synchronizations between the right occipital region and the right prefrontal, central, and parietal regions. Considering the hemispheric asymmetry in emotional processing, our findings in the right hemisphere supported this notion. The oscillatory phase reflects the excitability of neuronal ensembles, and phase synchrony mediates information transfer between oscillating neuronal populations. For example, phase synchrony between anterior and posterior theta rhythms was shown to be involved in successful information encoding (48, 49). Thus, these correlations indicated that the effects on MBCT on the reduction in depressive symptoms were probably mediated by increasing interregional synchrony to regulate emotion-related integration of information in the right hemisphere.

A new and interesting aspect of the present study is that the improvement in reflective rumination exhibited a marked positive correlation with theta power in the left parietal region. There is little direct evidence in the literature regarding MBCT-based neural correlates for alleviating rumination. Based on ongoing experiences, theta oscillations provide an organizing principle of cognitive control, allowing goal-directed behavior. Therefore, the correlates between reflective rumination and theta oscillations appear reasonable could possibly indicate an increased switching between cognitive strategies away from maladaptive and passive processing toward more adaptive, active, and analytical processing.

The topology of the most representative correlations with the changes in reflective rumination after MBCT indicated that the left parietal regions may be critical. Generally, the data presented here are indirectly supported by previous neuroimaging findings. The parietal lobe is known to integrate sensory and egocentric information and be involved in numerical calculations, mental rotation and memory retrieval (50, 51). The left parietal region plays a particularly central role in supporting complex object-directed action, social cognition (e.g., successful perspective-taking and ability to infer thoughts and beliefs), and language processes (52, 53). Parietal regions, such as the inferior parietal lobe (IPL) and precuneus, as the major hub in the DMN, have been verified to, in part, subserve intrinsic awareness and self-referential processing during analytical reflective responses (54–57). Some research has also attempted to regulate functional connectivity between the precuneus and temporoparietal junction to control rumination (57). Therefore, enhanced theta activity in the left parietal region represents the interregional regulation and integration of multidomain informative processing, including concentration and memory retrieval, and switching strategies toward more analytical self-focus after mindfulness training.

Some limitations of the current study must be considered. First, the lack of a control group makes it difficult to reliably interpret the identified oscillation changes and clinical effects as intervention-related findings. Although all the questionnaires were assessed by the certified psychiatrists who did not participant in this intervention study to avoid the subjective expectation, these changes may also reflect longitudinal changes that would have happened without MBCT intervention. By searching for the previous literatures, there were no evidence that the remitted MDD patients with residual symptoms fully recovered without any treatment, and there still were brain abnormalities in the remitted MDD patients as the trait markers of MDD. Although our findings on clinical effects of MBCT and changes in theta oscillation dynamics were consistent with findings reported in previous mindfulness and MDD studies, conclusions from the current design should be interpreted with caution. Second, some findings with statistical significance failed to be corrected considering the multiple comparisons, which may increase the false positive risks. Third, we only focused on theta power and synchronization as the EEG variables of interest in the current pilot study. Given that the roles of different frequency oscillations and cross-frequency interactions in the integration of multiple cognitive functions, other EEG variables and features would probably be affected by the intervention. Thus, more EEG dynamic characteristics which get involved in the mechanisms of MBCT should be explored in the next work. Fourth, considering the low spatial resolution of 18-channel EEG, high-density EEG and combination with MRI would help reveal the neural localization and target of MBCT more precise. Fifth, the lack of a follow-up visit prevents the observation of long-term clinical efficacy and theta alterations. Future studies with larger samples, a control group and longer-term follow-up are needed to further investigate the neural basis of improvements in multidimensional ruminations after mindfulness training.

In conclusion, MBCT alleviated depressive symptoms and improved adaptive reflective rumination in recurrent MDD participants with residual symptoms. By analyzing the power and interregional phase synchronization of EEG oscillations, we observed that the MBCT intervention increased resting-state theta power and reduced theta-band phase synchronization. With regard to the neural correlates, we noticed the strong MBCT effect on theta-band phase synchronizations between the right occipital region and the right prefrontal, central, and parietal regions reduced the depressive symptoms, while theta power in the left parietal region accentuated adaptive, reflective rumination in the recurrent MDD population with residual symptoms. Future studies are warranted to investigate the modulation of theta dynamics in MDD populations with high levels of rumination.
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