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Abstract To illuminate candidate neural working mech-

anisms of Mindfulness-Based Cognitive Therapy (MBCT)

in the treatment of recurrent depressive disorder, parallel to

the potential interplays between modulations in electro-

cortical dynamics and depressive symptom severity and

self-compassionate experience. Linear and nonlinear α and

γ EEG oscillatory dynamics were examined concomitant to

an affective Go/NoGo paradigm, pre-to-post MBCT or

natural wait-list, in 51 recurrent depressive patients. Spe-

cific EEG variables investigated were; (1) induced event-

related (de-) synchronisation (ERD/ERS), (2) evoked

power, and (3) inter-/intra-hemispheric coherence. Sec-

ondary clinical measures included depressive severity and

experiences of self-compassion. MBCT significantly

downregulated α and γ power, reflecting increased cortical

excitability. Enhanced α-desynchronisation/ERD was

observed for negative material opposed to attenuated α-
ERD towards positively valenced stimuli, suggesting acti-

vation of neural networks usually hypoactive in depression,

related to positive emotion regulation. MBCT-related

increase in left-intra-hemispheric α-coherence of the fron-

to-parietal circuit aligned with these synchronisation

dynamics. Ameliorated depressive severity and increased

self-compassionate experience pre-to-post MBCT corre-

lated with α-ERD change. The multi-dimensional neural

mechanisms of MBCT pertain to task-specific linear and

non-linear neural synchronisation and connectivity network

dynamics. We propose MBCT-related modulations in dif-

fering cortical oscillatory bands have discrete excitatory

(enacting positive emotionality) and inhibitory (disengag-

ing from negative material) effects, where mediation in the

α and γ bands relates to the former.
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Introduction

Despite accumulating evidence for the efficacy and versa-

tility of Mindfulness-Based Cognitive Therapy (MBCT)

for the treatment of current depression (Kenny and Wil-

liams 2007; van Aalderen et al. 2012), anxiety-based

disorders (Evans et al. 2008; Kim et al. 2009; King et al.

2013), attention-deficit/hyperactivity disorders (Zylowska

et al. 2008), borderline personality disorder (Sachse et al.

2010), and reducing risk of depressive relapse (Teasdale

et al. 2000; Ma and Teasdale 2004); conclusive neural

working mechanisms remain obscure. The MBCT pro-

gramme entails weekly group training alongside daily

individual practise, incorporating cognitive behavioural

and mindfulness meditation techniques (e.g. Segal et al.

2012).
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Theoretically MBCT; (1) trains attention to enable

patients to gain refined insight into their negative cycles and

self-defeating thoughts/feelings; (2) trains the cultivation of

self-compassion and acceptance towards these distressing

‘negativity networks’ (Feldman and Kuyken 2011; Kuyken

et al. 2010). The fine-tuning of attention towards insight,

alongside the manifestation of greater empathy (towards self

and others), equanimity (relinquishing the need for absolute

control and certainty outside oneself), and patience (know-

ing ‘this too shall pass’, that all experience is transitory),

function interdependently facilitating a beneficial and self-

directive process of change.

Practically, patients learn to distinguish between

“doing” versus “being” modes. The former defining a

pattern of experiencing that aims to reduce the discrepancy

between how one wants things to be compared to how they

actually are (Segal et al. 2012). This processing mode can

be selectively useful, albeit when maladaptive, perpetuates

and maintains feelings of dissatisfaction and/or avoidance

behaviours, contributing to depressive symptoms. Alter-

natively, during negative experiences, patients can learn

flexibility so to disengage from ‘doing mode’ (where

thoughts are experienced as facts) into an experiential state

of “being”, i.e. within the experience which has no space

for cognitive evaluation and judgement—it simply is—

thus, putting the brakes on the process that incites dis-

tressing experiences to cycle and escalate.

Neurophysiologically, there are plausibly multiple sub-

strates of these action pathways. Attentional control has

gained the most empirical examination to date (Grant et al.

2013; Malinowski 2013; Lutz et al. 2008), such as alpha (α)
activity and enhanced somatosensory and internalized

attention processing (Kerr et al. 2011, 2013; Aftanas and

Golocheikine 2001). Likewise, increases in α-power (Tra-
vis et al. 2010) and coherence (Travis et al. 2010) have

been linked to focused attention meditation which inhibits

self-referential processing and mind wandering (Travis and

Shear 2010), precursors to rumination in depression

(Hamilton et al. 2011). Earlier conceptions emphasise

alpha as a measure of ‘cortical idling’ (review; Pfurtsch-

eller et al. 1996), and global arousal (Cantero et al. 1999).

However, progress in study design elegance and signal

processing techniques mean various aspects of the electro-

cortical signal can be extracted to potentially relay discrete

neurophysiological dimensions, further revealing the multi-

levelled significance of α-band cortical activity. For

example, task-related paradigms suggest modulations in

alpha (α) correlate with aspects of selective attention reg-

ulation (Rihs et al. 2007), and top-down inhibitory control

(Klimesch et al. 2007).

Gamma (γ) activity (30–50+ Hz range) connects to the

second more subtle, and arguably more complex, compo-

nent of MBCT; the cultivation of abstract experiences such

as compassion and acceptance. For example, elevated

fronto-parietal γ-power and coherence during nonreferen-

tial compassion meditative states have been reported in

long-term (10,000–15,000 h/15–40 years) focused con-

centration meditators (Lutz et al. 2004), and during altered

experiences of dissolution and reconstitution of the ‘self’

(Lehmann et al. 2001). Increased parietal-occipital γ-power
(35–45 Hz) has also been reported during Vipassana

meditation, i.e. open monitoring mindfulness emphasising

non-judgemental awareness, compared to no modulating

effects upon theta (θ: 4–8 Hz), α (8–12 Hz) or beta (β: 12–
25 Hz) activity (Cahn et al. 2010). Thus, predominant γ-
band oscillatory activity appears to be involved in the

conscious manifestation of less ego-centric states and

experiences in non-clinical healthy populations undergoing

both fixed-point/focused and open-monitoring/mindfulness

meditation techniques.

Clinically, α and γ activity appear implicated in the emo-

tion processing of negative material in depression. Increased

event-related γ-power to negative stimuli (words) has been

observed in depressed patients compared to controls (Siegle

et al. 2010). Namely, enhanced γ-power localised in frontal

distributions for a sustained temporal period (up to 8 s) fol-

lowing negative stimuli presentation, suggesting prolonged

and greater elaborative processing to negatively valenced

emotive cues. Furthermore, hemispheric hypofrontal α-
asymmetry appears a relatively replicated finding (albeit

some exceptions; Reid et al. 1998; Carvalho et al. 2011; Se-

grave et al. 2011) in currently depressed or euthymic mood

with former history of depression (Stewart et al. 2010; Allen

et al. 2004; Gotlib et al. 1998) suggesting a plausible neuro-

physiological phenotype of depression, least a mediator of

experienced emotion (for a comprehensive review, see Coan

and Allen 2004).

Presently, there is minimal EEG research related to

mindfulness, and that available, predominantly concen-

trates on cortical asymmetry/lateralization. Enhanced

relative left prefrontal α-activation following mindfulness

meditation has been reported in a small group (N = 8) of

previously depressed people, more marked in high rumi-

native brooding scorers (Barnhofer et al. 2010).

Alternatively, no change in resting-state α-asymmetry has

been reported in a larger remitted depressed sample

(N = 78) pre-to-post MBCT (Keune et al. 2011), whereby

patients at greater risk of relapse even showed increased

right-hemisphere α-activity, i.e. propensity towards nega-

tive emotionality, following MBCT exposure. Thus,

suggesting severer depression counteracts any potential

therapeutic effects of MBCT. Furthermore, resting state

frontal EEG α-asymmetry shows no correlation with trait

mindfulness scores (Keune et al. 2012). Rather than

focusing on EEG asymmetry, examining other EEG

parameters in relation to mindfulness may be more
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illuminating. For example, an event-related potential (ERP)

study reported increased late Contingent Negative Varia-

tion (CNV) ERP amplitudes in depressed patients pre-to-

post MBCT (Bostanov et al. 2012), suggesting patients’

ability to maintain focus on the present moment, which

would counteract ruminative attention/processes, ensued.

In sum, enhanced oscillatory activity denotes sustained

cognitive effort and elaborative processing. Due to the

inherent emotional and attentional biases associated with

depression (Foland-Ross et al. 2013; Watters and Williams

2011), this pattern of enhanced cortical activity appears

specific to negatively valenced material in such patients.

Aims of study

In light of the nebulous findings above, we examined the

potential modulating effects of an 8-weekMBCTprogramme

upon event-related EEG variables, depressive severity and

self-compassionate experience inMDD. The brain represents

a highly open and complex dynamic system. Within this

theoretical framework, the brain state space comprises both

linear and nonlinear properties, granting multi-dimensional

potentiality; the dimensions of which can be confined to self-

organising ‘attractor’ states evoked to incoming stimuli (i.e.

task-related). Such linear states operate concomitant to task-

independent nonlinear states that represent underlying multi-

levelled cortical dynamics. Thus, in an attempt to encompass

both linear and nonlinear cortical dynamics we examined (1)

evoked EEG power, (2) induced event-related (de)-synchro-

nisation (ERD/ERS) dynamics, and (3) EEG coherence,

within the α (8–12 Hz) and γ (30–45 Hz) bandwidths. Linear
dynamics examining cortical changes associated with task-

related functionality during an affective Go/NoGo (valenced

words) task were ascertained via power and inter-/intra-

hemispheric EEG coherence.We hypothesisedMBCTwould

increase α and γ power and coherence for positively valenced
stimuli, with the opposite pattern for negatively valenced

stimuli, based on studies outlining increased γ-power to

negative stimuli (Siegle et al. 2010), attenuated α-coherence
(Suhhova et al. 2009), and general cortical hypofrontality,

associated with depression (Galynker et al. 1998). Further-

more, we hypothesised any neural regulatory effectswould be

associated with decreases in depressive severity and a less

negative self-referential perspective, indexed by greater self-

compassionate experience.

Nonlinear multi-levelled dynamics of underlying cell

synchrony of neuronal networks, i.e. network activity

independent from (non-phase-locked) direct Go/NoGo task

processing, were ascertained via induced ERD/ERS vari-

ables. Event-related de-synchronisation (ERD) represents

increased event-related cortical excitability of integrant

neuronal assemblies constituting maximal functional

readiness, whereas event-related synchronisation (ERS)

represents decreased excitability of cortical neurons con-

stituting greater stability and coherent synchrony between

neuronal subpopulations. Due to the lack of existing

observations of induced ERD/ERS cortical dynamics in

mindfulness and/or depression/psychiatric research con-

texts, further to the premise these theoretically non-linear

aspects are largely independent from linear power and

coherence cortical measures, no point of axes were avail-

able to rationalise a direction in results, presenting an

exploratory element of the experiment. Likewise, we were

interested whether such cortical synchronisation dynamics

would have modulating implications upon depressive

severity and aspects of self-compassion.

Experimental procedure

Sample

This report is part II of an overall study examining different

cortical dynamics involved in MBCT upon the same

depression patient sample. Thus, the sample demographics,

clinical, and task performance/behavioural measures, are

also outlined in the accompanying article elsewhere, and

replicated here so to be of ease for the reader. However, the

recruitment procedure is not repeated here, rather can be

found in the accompanying article (Schoenberg and Spec-

kens 2014). Patients had suffered 1–3 previous depressive

episodes, and were recruited from the Radboud University

Medical Centre Nijmegen (UMCN) psychiatry outpatient

clinic and associated UMCN Centre for Mindfulness. Pri-

mary diagnosis of Major Depressive Disorder (MDD) was

ascertained by a consultant psychiatrist using the DSM-IV-
TR; current or remitted depression was classified by the

Mini-International Neuropsychiatric Interview (MINI:

Sheehan et al. 1998). Of the total 51 participating patients,

26 were allocated to an MBCT group where T1/pre was

conducted prior to, and T2/post were conducted following,

their MBCT intervention; 25 to a wait-list (WL) control

group, where T1 and T2 were conducted spaced 8-weeks

apart prior to their participation in MBCT. Allocation was

quasi-randomised based on MBCT course entry. If patients

had applied for their MBCT course with less than 8-weeks

to its onset, they were automatically referred to the MBCT

group. If not, the waiting period for starting the MBCT

course was used as a control condition.

Procedure

MBCT was administered by health care professionals with

longstanding clinical and mindfulness experience, meeting

the teaching criteria of the Dutch Association of Mindful-

ness Trainers (www.vmbn.nl). Patients received an 8-week
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group program of 2.5 h, including one full silent training

day, further to independent daily practise lasting .75 h

guided by CDs (i.e. Segal et al.’s 2012 standardised

program).

Informed written consent to participate in an ethically

approved (CMO, Arnhem-Nijmegen) research study was

obtained. Patients undertook an affective Go/No-Go task

concomitant to EEG recording. The experimental task

comprised 12 9 100 stimuli blocks, with rest intervals

between each block. Stimuli consisted of Positive, Negative,

and Neutral Dutch words, assimilated from two standardised

word databases (Arnold et al. 2011;Hermans andDeHouwer

1994). Each block consisted of two possible “word valence

types” defined asGo orNoGo stimuli [809Go− 209NoGo

(20 % inhibition rate)], constituting 6 possible “block types”

[i.e.: (1) Positive (Go)–Negative (NoGo); (2) Positive (Go)–

Neutral (NoGo); (3) Negative (Go)–Positive (NoGo); (4)

Negative (Go)–Neutral (NoGo); (5) Neutral (Go)–Positive

(NoGo); (6) Neutral (Go)–Negative (NoGo)]. Preceding

each block onscreen instructions, verbally verified by the

experimenter, specified which valence word type to press

(Go)/not press (NoGo). Within the overall experiment, 600

different word stimuli were used to reduce stimuli habitua-

tion/familiarity, where word stimuli were randomly

presented within each block. Stimulus duration was ran-

domly presented between 500 and 1,500 ms, with a random

ISI between 800 and 1,750 ms, wherein a button response

could be made as soon as stimuli appeared onscreen, i.e.

there was no response lag/wait time.

Clinical scales

The following were administered at T1/pre and T2/post; (a)

Inventory of Depressive Symptomatology/IDS (Rush et al.

1996), gauging depressive symptom severity; (b) Self-

Compassion Scale/SC (Neff 2003), indexing aspects of

self-compassion, including a mindfulness component,

encompassing: (1) non-judgement and understanding

towards oneself; (2) granting a universal perspective to

one’s experiential reality, i.e. personal experiences are part

of a larger human experience rather than as separating or

isolating; (3) keeping painful thoughts/feelings in balanced

awareness, opposed to over-identification; (c) Ruminative

Response Scale/RRS (Nolen-Hoeksema and Morrow

1991); (d) Five Facet Mindfulness Questionnaire/FFMQ

(Baer et al. 2008); (e) State-Trait Anxiety Inventory/STAI

(Spielberger et al. 1983); (f) Cambridge Depersonalization

Scale/CDS (Sierra and Berrios 2000).

Electrophysiological recording

EEG data were acquired using Brain Vision Recorder 1.03

and QuikAmps 72 hardware (www.BrainProducts.com),

recorded from 30 Ag/AgCl active electrode sensors with

integrated noise subtraction circuits (actiCAP: Brain Pro-

ducts) located in accordance with the 10-10 electrode

system (sites: Fp1, Fp2, AFz, F7, F3, Fz, F4, F8, FC5, FC1,

FCz, FC2, FC6, T7, C3, Cz, C4, T8, CP5, CP1, CP2, CP6,

P7, P3, Pz, P4, P8, O1, Oz, O2). Average reference was

used. Ground electrode was placed on the forehead. Ver-

tical and horizontal ocular activity were calculated by

bipolar derivations of electro-oculogram signals recorded

using Ag/AgCl cup electrodes above and below the left

eye, and 1 cm to the outer canthi of each eye, respectively.

Impedance was maintained ≤10 KΩ. Electrical signal was

continuously sampled at a digitization rate of 500 Hz, with

a band-pass filter of .1–100 Hz.

Signal analysis

Event-related (de)-synchronisation (ERD/ERS)

Oscillatory EEG analysis was conducted using Brain

Vision Analyzer 2.0.2. Occular artefacts were removed

using Independent Component Analysis/ICA, optimal for

event-related time–frequency (T–F) signal processing

(Graimann and Pfurtscheller 2006). Data were segmented

into 1,400 ms epochs, −500 to 900 ms relative to stimulus

onset, for: (1) stimulus-locked NoGo trials (NoGo-T), and

(2) stimulus-locked Go trials (Go-T), for each valence type

(positive, negative, neutral). Artifact rejection removed

electromyographic activity and/or amplifier saturation,

where voltages exceeding ±50 µV were discarded. Data

were band-pass (Butterworth zero-phase, 24 dB/octave),

and Notch (50 Hz), filtered into α (8–12 Hz) and γ (30–

45 Hz)-frequency bandwidths.

For phase-locked evoked activity, following bandpass

filtering, epoch voltages were squared and subsequently

averaged, and expressed as instantaneous power (µV2).

Mean power for the early epoch (0–400 ms) and late epoch

(400–800 ms) were then calculated, whereby FCz and Pz

sites were used in the subsequent statistical analyses. These

sites correspond to the fronto-parietal network, implicated

in the top-down and bottom-up processing of moment-to-

moment control/allocation of specialised functions (Sad-

aghiani et al. 2012; Sauseng et al. 2005; Wang et al. 2010).

Moreover, MDD has shown altered activity within this

fronto-parietal loop (Jaworska et al. 2012; Kemp et al.

2010; Ricardo-Garcell et al. 2009; Bauer and Hesselbrock

2002).

Event-related induced activity was extracted via inter-

trial variance (see Kalcher and Pfurtscheller 1995), by

averaging all epochs and subtracting the average power

from each individual epoch constituting the average, thus

extracting phase-locked activity. ERD/ERS was quantified

as percentage change in average inter-trial variance (A)
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during the time windows (TW): 0–400 ms (early time-

window [E-TW]), and 400–800 ms (late time-window [L-

TW]), in the nth channel, compared to the average inter-

trial variance of the baseline reference (R) = −500 to 0 ms,

relative to stimulus-onset, defined as follows:

ERD=ERS% ¼ AðnÞ�R
� �

=R
� �� 100

Mean induced ERD/ERS% during the early temporal

epoch (0–400 ms) and late epoch (400–800 ms) were

subsequently calculated at each electrode site; FCz and Pz

used in the subsequent statistical analyses (as per the

previous rationale).

Coherence

Fast Fourier Transform (FFT) converted artefact-rejected

and segmented data (as above) from the time series into

complex frequency and phase domains using a 10 %

Hamming window. The coherence (Coh) between two

electrode signals (s1, s2) was then calculated for the α and γ
frequency (f) bands [inter-hemispheric electrode pairs: F3–

F4, F7–F8, P3–P4, P7–P8; and intra-hemispheric pairs:

FCz–Pz, F3–P3, F4–P4, F7–P7, F8–P8], via the cross-

spectrum (|CS(s1, s2)(f)|), and normalised with the corre-

sponding autospectrum [| CS(s1, s1)(f) | | CS(s2, s2) (f) |],

expressed as:

Coh s1; s2ð Þ fð Þ ¼ CS s1; s2ð Þ fð Þj j2= CS s1; s1ð Þ fð Þjð
jjCS s2; s2ð Þ fð ÞjÞ

where CS(s1, s2)(f) = Σ s1, x(f) s2, x(f)*; and x being the

totalled number of segments used. Coherence within each

frequency band were then expressed as an interval value

between 0 and 1; where 0 = s1 + s2 are independent; and

1 = s1 + s2 reflect a linear relationship.

Statistical analyses

Repeated-measures ANOVA (r-ANOVA) examined Time

(2 levels: pre/T1, post/T2) 9 Condition (2 levels: Go,

NoGo) 9 Valence (3 levels: positive, negative, neu-

tral) 9 Group (2 levels: MBCT, WL), for accuracy and RT

behavioural data independently. R-ANOVA examined

Time (2 levels: T1, T2) 9 Epoch (2 levels: early[0–

400 ms], late[400–800 ms]) 9 Condition (2 levels: Go,

NoGo) 9 Valence (3 levels: Positive, Negative, Neu-

tral) 9 Site (2 levels: FCz, Pz) 9 Group (2 levels: MBCT,

WL) matrices for mean induced ERD/ERS% dynamics,

and evoked power, separately. Time 9 Condi-

tion 9 Valence 9 Inter-Hemispheric pairs [4 levels: F3–

F4, F7–F8, P3–P4, P7–P8] (or Intra-Hemispheric pairs [5

levels: FCz–Pz, F3–P3, F4–P4, F7–P7, F8–P8]) were run

for coherence analyses. Greenhouse Geisser corrections

were used when assumptions of sphericity were violated.

All analyses included Sex as co-variate, as this demo-

graphic was not well-matched between groups.

Results

Due to practical restraints, only 38 full questionnaire

datasets were collected at both T1 and T2 in the EEG

testing sessions.

ERD/ERS

In case of possible baseline differences between the MBCT

versus WL groups, one-way ANOVAs showed no signifi-

cant differences between groups for any baseline (T1/pre)

evoked or induced α and γ EEG measure.

Evoked α-power (µV2)

The Condition (2 levels: Go/NoGo) 9 Epoch (2 levels:

early[0–400 ms]/late[400–800 ms]) 9 Site (2 levels: FCz/

Pz) (F(1, 47) = 12.403, p = .001), and Epoch (2 levels:

early/late) 9 Valence (3 levels: positive/negative/neu-

tral) 9 Group (2 levels: MBCT/WL) (F(2, 94) = 4.396,

p = .02) three-way interactions showed increased α-power
across all valence conditions for Go-T at FCz and Pz

during both epochs. Furthermore, increased power T1-to-

T2 for negative stimuli was significant in the WL group (t
(24) = 2.581, p = .02 [9.05–12.39 µV2]), compared to

marginal increase in the MBCT group (p = .22 [10.85–

12.73 µV2]).

For NoGo-T at FCz: the WL group showed increased

power across conditions during the early temporal epoch

[positive = 8.61–9.37 µV2; negative = 8.95–10.22 µV2;

neutral = 8.17–11.23 µV2]; the MBCT group showed

minimal incremental increase for positive [7.83–8.71 µV2],

and marginal decrease in α-power for negative [8.48–

8.123 µV2], and neutral [8.01–7.97 µV2] stimuli. Decrease

in α-power became more prominent during the late tem-

poral epoch in the MBCT group for all valence conditions,

albeit, to non-significant levels in either group.

For NoGo-T at Pz: the WL group showed increased α-
power for all valence types during both epochs, and to a

significant extent for neutral stimuli in the early epoch (t
(24) = −2.281, p = .03 [9.19–13.15 µV2]). The MBCT

group also showed significant increased α-power for posi-
tive stimuli during both epochs, significantly so in the early

epoch (t(25) = −2.103, p = .05 [10.33–13.22 µV2]).

Valence (3 levels: positive/negative/neutral) 9 Site (2

levels: FCz/Pz) 9 Sex (2 levels: female/male) three-way

Cogn Neurodyn (2015) 9:13–29 17
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interaction (F(2, 94) = 3.032, p = .05), although no main

effect of Sex (p = .57), or Sex interactions pertaining to the

MBCT, were observed.

Patient Status (current/remitted) co-variate revealed

Time (2 levels: pre/post); Epoch (2 levels: early/

late) 9 Condition (2 levels: go/nogo) 9 Patient Group (2

levels: current/remitted) (F(1, 47) = 6.685, p = .013), and

Epoch 9 Valence * Patient Group (F(2, 94) = 5.319,

p = .006) interactions, although follow-up post hoc anal-

yses were not significant. Patient Status was not found to be

a significant main effect, nor had any significant interac-

tions with Time, i.e. treatment effect.

Fig. 1 a Induced α-synchrony for positive-NoGo (green) trials at FCz [y-axis: +% = ERS; −% = ERD]. b Induced α-synchrony for positive-

NoGo (green) trials at Pz [y-axis: +% = ERS; −% = ERD]. (Color figure online)
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Induced α activity (%)

A Time (2 levels: pre/post) 9 Epoch (2 levels: early/late)

(F(1, 47) = 5.694, p = .02) interaction indicated the late

temporal Epoch to NoGo-T comprised ERD in both

groups. Moreover, Condition (2 levels: Go/NoGo) 9 Site

(2 levels: Fcz/Pz) (F(1, 47) = 13.535, p = .001), Epoch (2

levels: pre/post) 9 Site (2 levels: FCz/Pz) (F(1,
47) = 8.385, p = .006), Epoch (2 levels: pre/

post) 9 Valence (3 levels: positive/negative/neutral) 9 Site

(2 levels: FCz/Pz) (F(2, 94) = 3.736, p = .03), Condi-

tion 9 Epoch 9 Site (F(1, 47) = 17.767, p \ .0001),

Fig. 2 a Induced α-synchrony for negative-Go (red) trials at FCz [y-axis: +% = ERS; −% = ERD]. b Induced α-synchrony for negative-Go (red)
trials at Pz [y-axis: +% = ERS; −% = ERD]. (Color figure online)
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Time 9 Valence 9 Group (F(2, 94) = 3.037, p = .05), and

Time 9 Condition 9 Valence 9 Group (F(2, 94) = 3.978,

p = .02) interactions were found. Disentangling these

results revealed desynchronisation increased from the early

epoch to late epoch for negative stimuli in the MBCT

group at FCz, where ERD increment also significantly

increased from T1-to-T2 in the late epoch (t(25) = 2.265,

p = .03 [−7.04 to −15.41 %]). Frontocentral (FCz) α-syn-
chronisation shifted from ERS to ERD from the early

epoch to late epoch in the WL group for NoGo-T to neg-

ative stimuli. For NoGo-T to positive stimuli, increased

ERD was observed in the WL from early epoch to late

epoch, where incremental change from T1-to-T2 in the late

epoch showed a shift from ERS to ERD at FCz (t
(24) = 2.700, p = .01 [3.033 to −9.266 %]), and increased

ERD at Pz (t(24) = 2.127, p = .05 [−6.74 to −15.15 %]).

Contrastingly, the MBCT group showed a decrease in ERD

for positive stimuli at both FCz and Pz sites during the

early temporal epoch (FCz: p = .72 [−12.52 to −10.97 %];

Pz: p = .14 [−13.49 to −8.42 %]), and late epoch (FCz:

p = .80 [−12.85 to −11.32 %]; Pz: p = .98 [−19.78 to

−19.67 %]) (Fig. 1a, b).

No significant within-group results were evident for Go-

T measures, although a diverging pattern formed between

groups during the late epoch; MBCT showed α-ERD across

valence conditions, greatest for negative stimuli, compared

to the WL group yielding α-ERS. This distinction was

more apparent at Pz (Fig. 2a, b).

Taking the co-variate of patient status (current/remit-

ted), Time (pre-to-post/T1-to-T2);

Epoch 9 Condition 9 Patient Group (F(1, 47) = 5.293,

p = 03), and Epoch 9 Site 9 Valence 9 Patient Group (F
(2, 94) = 4.211, p = .02) interactions were evident.

However, patient status was not found to be a significant

main effect, nor had any significant interactions with Time,

i.e. treatment effects.

Evoked γ-power (µV2)

A main effect of Condition (2 levels: pre/post) (F(1,
47) = 4.308, p = .04), and Condition (2 levels: Go/

NoGo)9Epoch (2 levels: early/late)9Site (2 levels: FCz/Pz)

(F(1, 47)= 6.457, p= .01), Time (2 levels: pre/post)9Epoch

(2 levels: early/late) 9 Site (2 levels: FCz/Pz) 9 Group (2

levels: MBCT/WL) (F(1, 47) = 4.126, p = .05),

Time 9 Epoch 9 Valence 9 Group (F(2, 94) = 3.496,

p = .03), Condition 9 Epoch 9 Valence 9 Group (F(2,
94)= 3.289, p= .04). Nomain effects of Group (p= .222) or

Sex (p = .95), or Group 9 Sex interactions were apparent.

Posthoc analyses did not find any significant differences

in either group from T1-to-T2. Although the above inter-

actions indicated an overall pattern of increased γ-power in
the WL group for Go-T, which was highest during both

temporal epochs at Pz for positive [early epoch = 6.15–

8.88 µV2; late epoch = 6.33–9.51 µV2] and negative [early

epoch = 5.92–9.87 µV2; late epoch = 6.18–9.95 µV2]

stimuli. The MBCT group showed marginal decrease in γ-
power for positive stimuli during the early epoch [5.72–

5.63 µV2] and late epoch [5.73–5.32 µV2] at FCz, com-

pared to marginal increase in power for negative stimuli

during early epoch [4.63–5.14 µV2] and late epoch [4.47–

5.15 µV2]. Minimal incremental change in evoked γ to Go-

T during both epochs were apparent at Pz.

For NoGo-T, at FCz, both groups yielding marginally

decreasing power for negative (early epoch:

MBCT = 5.33–4.90 µV2; WL = 5.93–5.72 µV2; late

epoch: MBCT = 5.78–4.96 µV2; WL = 6.56–5.97 µV2)

stimuli at both TWs. Whereas, the MBCT group yielded

marginal increase, compared to marginal decrease in the

WL group, for positive stimuli (early epoch:

MBCT = 4.67–5.14 µV2; WL = 5.65–5.30 µV2; late

epoch: MBCT = 4.83–5.00 µV2; WL = 6.40–5.86 µV2).

Albeit, these within-group changes were non-significant.

At Pz, increased γ-power across valence types was

evident in the WL group during both early epoch [posi-

tive = 6.61–7.94 µV2; negative = 6.53–8.80 µV2;

neutral = 6.03–11.97 µV2] and late epoch [posi-

tive = 7.38–8.67 µV2; negative = 7.28–8.49 µV2;

neutral = 6.56–11.79 µV2]. For the MBCT group,

increased γ-power was observed for positive stimuli during

the early epoch [4.96–5.17 µV2] compared to decreased

power in the late epoch [5.14–4.87 µV2]. Whereas,

decreased γ-power was observed for negative and neutral

stimuli during both early epoch [negative = 5.75–

5.06 µV2; neutral = 5.97–5.43 µV2] and late epochs

[negative = 6.18–5.33 µV2; neutral = 6.16–5.86 µV2].

Induced γ activity (%)

Main effect of Site (F(1, 47) = 15.938, p\ .0001), and

Condition 9 Epoch (F(1, 47) = 4.432, p = .04),

Epoch 9 Site (F(1, 47) = 12.690, p = .001), Condi-

tion 9 Epoch 9 Site (F(1, 47) = 7.445, p = .009),

Time 9 Condition 9 Site (F(1, 47) = 4.564, p = .04), and

Time 9 Condition 9 Epoch 9 Valence 9 Site (F(2,
94) = 4.035, p = .02). No main effect of Group (p = .89),

Sex (p = .51), or Group 9 Sex interactions.

These findings illustrated no marked diverging pattern

between groups for Go-T at Pz for either temporal epoch,

contrary to FCz; where the MBCT group yielded decreased

ERD [p = .72: −9.78 to −7.39 %] compared to increased

ERD in the WL [p = .41: −9.62 to −13.15 %], for positive

stimuli during the E-TW, although not to significant levels.

During the late epoch, the MBCT group showed marginal

incremental change for positive [p = .87: −11.19 to

−10.80 %] and neutral [p = .93: −9.72 to −10.03 %]

20 Cogn Neurodyn (2015) 9:13–29

123



stimuli, compared to ERS in the WL group. Furthermore,

univariate ANOVA examining increment measures,

showed Go-T to negative stimuli in the late epoch signif-

icantly differed between groups (F(1, 49) = 4.189, p = .05

[MBCT = 2.00 % vs. WL = −4.13 %]), indicating

decreased ERD in the MBCT group [p = .34: −12.32 to

−10.32 %] compared to increased ERD in the WL [p = .07:

−7.07 to −11.20 %].

For NoGo-T, a significant within group finding showed

a shift in synchrony from ERD to ERS during the E-TW for

positive stimuli was apparent at Pz in the MBCT group (t
(25) = −2.498, p = .02 [−8.18 to .47 %]), compared to

marginal increase in ERD in the WL [p = .86: −4.98 to

−5.66 %].

Inter-/intra-hemispheric coherence

α-Coherence

Examining inter-hemispheric pairs (4 levels: F3–F4, F7–F8,

P3–P4, P7–P8); Significant Condition (F(1, 47) = 5.290,

p = .026), Inter-hemispheric Sites (F(3, 141) = 27.926,

p \ .0001), Time 9 Valence 9 Inter-hemispheric

Sites 9 Group (F(6, 282) = 2.541, p = .021), effects/

interactions revealed increased α-coherence between F3–F4

for neutral NoGo trials (t(24) = −2.138, p = .042 [.20/

SD = .12 to .29/SD = .22]) pre-to-post MBCT, and for

positive-NoGo trials in the WL (t(24) = −2.081, p = .048:

[.19/SD = .13 to .30/SD = .25]). Additionally, between P3–

P4 for positive-Go (t(24) = −2.360, p = .026 [.08/SD = .06

to .11/SD = .08]) in the MBCT group.

Examining intra-hemispheric pairs (5 levels: FCz–Pz,

F3–P3, F4–P4, F7–P7, F8–P8); Condition (F(1,
47) = 5.823, p = .02), Intra-hemispheric Sites (F(4,
188) = 59.561, p\ .0001), Condition 9 Intra-hemispheric

Sites (F(4, 188) = 4.431, p = .003), Valence 9 Intra-

hemispheric Sites 9 Group (F(8, 376) = 2.280, p = .022),

Time 9 Condition 9 Valence 9 Intra-hemispheric

Sites 9 Group (F(8, 376) = 2.808, p = .005) were sig-

nificant. Follow-up analyses showed significantly increased

coherence between F4–P4 for positive-NoGo in WL (t
(24) = −2.067, p = .050 [.17/SD = .10 to .27/SD = .24]),

not evident for MBCT (p = .27) (Fig. 3). Conversely,

coherence increased for the left-hemispheric F3–P3 pair for

neutral-Go (t(25) = −2.114, p = .045 [.12/SD = .09 to .17/

SD = .11]), negative-NoGo (t(25) = −2.109, p = .045 [.13/

SD = .09 to .19/SD = .12], Fig. 4), and neutral-NoGo (t
(25) = −2.250, p = .034 [.13/SD = .09 to .21/SD = .19]),

in the MBCT group only.

Overall, no main effects of Group (inter-hemispheric

pairs = p = .67; intra-hemispheric pairs = p = .77), Sex

(inter-hemispheric pairs = p = .29; intra-hemispheric

pairs = p = .54), or Sex interactions were found.

γ-Coherence

Condition and Condition 9 Intra/Inter-hemispheric Sites

effect/interaction were found for both inter-hemispheric

[Condition: p = .004; Condition 9 Inter-hemispheric Sites

(p = .025), and intra-hemispheric (Condition: p = .008;

Condition 9 Intra-hemispheric Sites (p = .033)] coherence

pairs. However, no significant changes in γ-coherence
related to the MBCT.

Quantitative scales

Significant changes in clinical scales were exclusive to the

MBCT group. See Table 1 for mean/SD values, and pre-to-

post statistical reports. Additionally, significant correla-

tions were found in the MBCT group between IDS and

self-compassion increment changes (i.e. T2/post–T1/pre)

alongside ERD/ERS incremental changes at Pz (Table 2).

Discussion

The effects of MBCT upon evoked event-related α and γ
power and coherence, in a sample of MDD patients were

observed. This is also the first investigation into MBCT and

induced α and γ ERD/ERS dynamics.

MBCT and α-activity

Unlike prevailing meditation training studies, MBCT-

related power enhancement was not consistently observed;

α-power decreased during the latter 400–800 ms window,

particularly for NoGo, pre-to-post MBCT. However,

increased parietal α-power for positive stimuli was high-

lighted for the 400–800 ms window pre-to-post MBCT.

These findings grant a potentially multi-faceted interpre-

tation based on the present convoluted scientific

understanding of what power values in differing frequency

bands precisely embody. Principally, α-power and cortical

activity represent an inverse relationship (Bruder et al.

2012), suggesting MBCT enacted excitation within neu-

ronal networks during the post-stimuli-processing (400–

800 ms) stage. Elevated α-power has consistently been

reported in posterior (Jaworska et al. 2012; Kemp et al.

2010), and anterior (Ricardo-Garcell et al. 2009; Bauer and

Hesselbrock 2002) regions in MDD. Furthermore, cortical

hypofrontality correlates with negative symptomatology in

MDD, whereby a proposed neurobiological mechanism

pertains to cerebral hypoperfusion in the dorsolateral and

orbitofrontal prefrontal cortex (Galynker et al. 1998). In

this light, MBCT elevated blunted levels of cortical

excitability (represented by attenuated power) during the

later processing stage of 400–800 ms in our patient sample,

Cogn Neurodyn (2015) 9:13–29 21

123



serving to potentiate greater positive mood. This is further

supported by ameliorated depressive symptom severity,

and increase in left-hemispheric EEG α-coherence (further

discussed later). For example, left frontal cortical excit-

ability has been associated with greater self-reported

happiness (Coan and Allen 2004). However, reduced

MBCT-related power was also observed in neutral condi-

tions, thus, not emotion-specific. Additionally, behavioural

task performance was not mediated by MBCT exposure,

suggesting task-related functionality was not targeted in a

linear mode. This leads us to consider the nonlinear

induced measures towards the better interpretation of these

nebulous findings.

A clear pattern emerged regarding induced MBCT

effects; of enhanced α-desynchronisation pre-to-post

towards negative stimuli, contrary to decreased ERD for

positive stimuli, compared to an overall increase in α-de-
synchronisation in the WL. Combined with the

Fig. 3 Coherence at T1 (left) and T2 (right) in MBCT (above) and WL (below) groups for positive NoGo trials. *Right hemispheric pair F4–P4

significant in WL group only (p = .05)
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correlational analysis, attenuated α-ERD across the entire

800 ms time window post-positive-NoGo stimuli was sig-

nificantly associated with amelioration in depressive

severity in the MBCT group. No such associations were

evident in the WL, suggesting modulatory effects of

MBCT on α-desynchronisation are associated with its

beneficial role in mood regulation. Furthermore, α-ERD

was the sole measure which correlated with increased self-

compassion pre-to-post MBCT, whereby reduced ERD

during NoGo positive late (400–800 ms) and negative early

(0–400 ms) conditions, in addition to elevated α-ERD for

NoGo negative late trials, correlated to greater experienced

self-compassion. Travis and Shear’s (2010) review cate-

gorises differing meditative techniques with discrete

Fig. 4 Coherence at T1 (left) and T2 (right) in MBCT (above) and WL (below) groups for negative NoGo trials. *Left intra-hemispheric pair F3–

P3 significant in MBCT group only (p = .045)
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neurophysiological signatures, proposing α-activity to be

associated with self-transcending meditation processes. In

line, an extant hypothesis asserts alterations in self-processing

in MDD, particularly inward directed attention causing

excessive pathological self-focus, have been attributed to

disruptions of a cortical-subcortical midline system (Northoff

2007). It is reasonable to infer from our findings that MBCT

possibly targeted this aforementioned system, dampening

maladaptive ruminative self-processing networks that serve

to impede self-compassionate referential states in depression.

Further empirical data is needed to support this hypothesis,

although at this juncture, we report elsewhere significant

ameliorative effects of the MBCT upon clinical rumination

measures (Schoenberg and Speckens 2014).

Table 1 Demographic, clinical, and task performance/behavioural, data

Demographics MBCT WL Between-group

comparison

Sex Female = 20 [76.9 %], Male = 6 [23.1 %] Female = 12 [48 %], Male = 13 [52 %] p = .05*

Age/years 47.8 (12.1) 51.2 (8.5) p = .27

Medicated Medicated = 19 [73.1 %], non-med = 7 [26.9 %] Medicated = 17 [68 %], non-med = 8 [32 %] p = .76

Primary diagnosis CD = 11 [42.3 %], RD = 15 [57.7 %] CD = 7 [28 %], RD = 18 [72 %] p = .30

Pre Post Within-group

comparison

Pre Post Within-group

comparison

[Baseline: T1/Pre]

Clinical variables

IDS ▲ ▲ ▲ ▲ ▲ ▲ p = .55

RRS 60.6 (11.9) 55.1 (11.0) p = .03* 60.2 (13.2) 59.7 (13.8) p = .81 p = .93

FFMQ global 114.9 (22.8) 131.3 (17.4) p = .02* 119.7 (14.9) 119.8 (15.7) p = .96 p = .43

FFMQ observe 24.4 (5.9) 28.6 (4.7) p = .005** 25.1 (4.9) 24.8 (5.2) p = .51 p = .70

FFMQ describe 27.7 (4.5) 28.6 (4.7) p = .64 28.7 (6.0) 28.6 (6.1) p = .77 p = .56

FFMQ non-judge 22.3 (8.0) 26.7 (5.3) p = .03* 24.1 (6.8) 24.2 (6.6) p = .94 p = .45

FFMQ non-reaction 19.0 (5.2) 22.9 (4.3) p = .01* 18.0 (4.7) 18.0 (4.5) p = .87 p = .49

FFMQ awareness 21.5 (5.8) 24.7 (6.1) p = .09 23.9 (5.2) 24.3 (5.5) p = .55 p = .20

SC global ▲ ▲ ▲ ▲ ▲ ▲ p = .81

STAI T 47.0 (3.4) 46.0 (5.0) p = .32 46.9 (4.6) 46.4 (4.7) p = .55 p = .93

STAI S 43.8 (5.7) 43.6 (3.9) p = .81 41.6 (3.8) 41.3 (3.1) p = .76 p = .15

CDS G 41.4 (26.0) 36.9 (29.3) p = .37 39.1 (45.8) 42.5 (43.7) p = .29 p = .83

CDS EN 11.1 (8.2) 8.4 (7.9) p = .11 11.8 (14.5) 12.6 (13.1) p = .55 p = .82

Behavioural measures

Correct-NoGo ALL 13.6 (3.0) 13.9 (2.6) p = .59 13.6 (2.9) 13.9 (3.3) p = .39 p = .94

Correct-Go ALL 70.0 (8.4) 71.9 (4.3) p = .12 71.8 (4.6) 72.3 (4.8) p = .77 p = .16

Correct-NoGo POS 14.2 (3.6) 14.6 (3.0) p = .59 13.9 (3.1) 14.3 (3.3) p = .33 p = .81

Correct-Go POS 69.2 (9.8) 72.2 (4.4) p = .23 72.1 (4.6) 71.9 (4.9) p = .60 p = .20

Correct-NoGo NEG 13.9 (3.4) 14.0 (2.8) p = .84 14.0 (3.2) 14.1 (3.4) p = .82 p = .88

Correct-Go NEG 69.0 (10.0) 73.0 (6.3) p = .10 73.1 (5.3) 73.1 (6.6) p = .94 p = .08

Correct-NoGo NEU 12.7 (2.8) 13.0 (2.8) p = .56 12.9 (3.0) 13.4 (3.5) p = .27 p = .74

Correct-Go NEU 68.7 (8.1) 71.0 (5.8) p = .19 70.3 (6.7) 72.0 (6.3) p = .27 p = .48

Correct hits (Go) RT

ALL 579.7 (75.5) 587.6 (88.5) p = .50 565.6 (68.4) 553.8 (60.0) p = .37 p = .51

POS 582.5 (83.2) 589.9 (84.3) p = .66 562.1 (64.6) 559.7 (61.5) p = .79 p = .36

NEG 592.1 (85.8) 601.9 (103.8) p = .51 571.1 (69.1) 560.8 (54.9) p = .55 p = .36

NEU 564.5 (67.2) 570.9 (83.4) p = .52 563.5 (79.1) 541.0 (70.7) p = .15 p = .96

* CD currently depressed, RD remitted depressed, IDS Inventory of Depressive Symptomatology, RRS Ruminative Response Scale, FFMQ Five

facet Mindfulness Questionnaire, SC Self-Compassion Scale; STAI State-Trait Anxiety Inventory [T = Trait/S = State], CDS Cambridge

Depersonalization Scale [EN = Emotional Numbing], RT reaction time

▲ = see Table 2
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Whilst it is surmised that α-activity serves an inhibitory role
across corticalprocessingsystems;e.g. the ‘inactivation’of task-

irrelevant corticalmechanisms (for a review, seeKlimesch et al.

2007); evidence also suggestsα-synchrony represents top-down
functioning related to attention and consciousness, akin to cor-

tical binding properties within the fronto-parietal ‘global

neuronalworkspace’ (PalvaandPalva2007), i.e. highly intricate

parallel distributed systems of specialised processors constitut-

ing neural networks (Dehaene et al. 2011). Furthermore, sub-

stratifying α-synchronisation/ERS from α-desynchronisation/
ERD, the former has been connected to top-down complex

information processing, whilst the latter to bottom-up homeo-

static processing (Benedek et al. 2011; Klimesch et al. 2007),

and increased cortical excitability (Pfurtscheller and Andrew

1999).As such,α-synchronisation hasmulti-levelled properties,

whereby our findings presented here suggest rather than blunt-

ing, or inhibiting, hyper-active negativity networks, MBCT

enacted excitatory effects upon intermediate neural properties

targeting hypoactive positive emotion processing systems.

Increased experiences of positive emotion in patients with a

history of depression and residual symptoms after MBCT-

exposure (Geschwind et al. 2011) are in line with this theori-

sation. However, a separate study looking at attention biases in

MDD reported a dual-direction outcome following MBCT; i.e.

attenuation to negative stimuli, alongside dis-inhibition of

positive stimuli (De Raedt et al. 2012). Further empirically

rigorous-controlled studies are required to disentangle whether

MBCT targets unidirectional or bidirectional clinical action

pathways in MDD, tenably regulated by discrete underlying

cortical dynamics. For example,we report elsewhere findings of

fronto-midline theta (θ) exerting adisengagementmechanism in

the processing of, particularly affectively valenced, incoming

material (Schoenberg and Speckens 2014).

MBCT and γ-activity

Unlike α-band, no MBCT-related changes were apparent in

non-phase-locked induced γ-ERD/ERS. Rather, the two

Table 2 Clinical scale scores for MBCT versus WL groups and correlations between increment changes (T1–T2) in clinical and ERD/ERS

evoked and induced measures

Clinical variable MBCT X (σ) WL X (σ) Correlations with ERD/ERS activity at Pz in

MBCT group▲ [ANOVA between—group

effects/interactions]Pre Post Comparison Pre Post Comparison

IDS 27.3 (9) 19.3 (2) p = .02* 25.1

(12)

25.3

(13)

p = .89 ↓ α-ERD/NG-T/P/E: p = .003*

↓ α-ERD/NG-T/P/L: p = .001**

↓γ-ERD/NG-T/N/L: p = .03*

↑γ-power/Go-T/N/E: p = .004**

↓γ-power/Go-T/n/E: p = .04*

↓γ-power/Go-T/N/L: p = .008**

↑γ-power/NG-T/P/E: p = .04*

↓γ-power/NG-T/P/L: p = .05*

[Time x Group: p = .02*]

SC Scale☼

Global score 83.7

(26)

107.0

(27)

p\ .0001** 81.7

(29)

84.0

(23)

p = .45 ↓α-ERD/NG-T/N/E: p = .05*

↑α-ERD/NG-T/N/L: p = .04*

↓α-ERD/NG-T/P/L: p = .03*

[Time: p = .001**

Time x Group: p = .001**]

SC subscales

Self-Kindness 13.3 (6) 17.3 (6) p = .001** 13.9 (5) 13.5 (5) p = .65 *No correlations were run for subscales

Self-Judgement 19.3 (6) 14.9 (5) p = .001** 18.1 (5) 17.8 (5) p = .61

Common Humanity 14.5 (5) 17.9 (5) p = .006** 13.6 (5) 13.3 (5) p = .72

Isolation 18.8 (6) 15.1 (5) p = .005** 18.5 (5) 17.1 (6) p = .07 [Time: p = .001**

Time x Group: p = .001**

Subscale: p = .03*]

Mindfulness 16.7 (5) 19.5 (5) p = .009** 14.1 (5) 15.2 (5) p = .10

Over-identification 18.5 (6) 13.6 (6) p = .003** 18.9 (5) 19.0 (5) p = .94

▲, no significant correlations between clinical changes and EEG dynamics were evident in the WL group. Nor any significant correlations at FCz

☼, Self-Compassion Scale (Neff 2003)
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groups diverged regarding γ-power for positive Go trials

both frontally and parietally, and negative NoGo conditions

for parietal power during the task processing window of 0–

400 ms post-stimulus exposure. These measures were

characterised by attenuated γ-power post-MBCT, com-

pared to power enhancement in the WL. Furthermore,

blunted MBCT-related power versus power increase in the

WL was also apparent during the 400–800 ms temporal

window for positive Go, positive NoGo, and negative

NoGo conditions. Interestingly, of these diverging mea-

sures, only attenuated parietal γ-power (reflecting increased
cortical activity) during the latter window (400–800 ms)

for positive and negative NoGo conditions correlated with

amelioration in depressive symptomatology.

From a clinical perspective, enhanced γ-power
(decreased neuronal excitability) has been reported in first-

episode depression compared to non-depressed controls

(Strelets et al. 2007), suggesting that in our sample, the

MBCT had a down-regulating effect upon abundant γ-
power. Strelets et al.’s study also found considerably

reduced γ-coherence, reflecting degraded integration of

intra- and inter-hemispheric network activity, unlike that of

controls. We found no MBCT-related changes in γ-coher-
ence, implying that MBCT-related clinical improvement

was not necessarily facilitated via increased γ-related
connectivity between neuronal subpopulations, but

increased localised cortical excitability of germane pro-

cessing regions related to mood regulation. For example,

induced γ-synchrony has been assigned an operational

function in the activation of globalised cortical networks

(Fries 2009), where specifically event-related induced γ
represents computational operations within the cerebral

cortex for the processing of incoming signals (Müller

2000). Conversely, parietal γ-power has been implicated in

emotion processing and the cognitive reappraisal of emo-

tional stimuli (Kang et al. 2012). A primary hypothesised

working mechanism of mindfulness is the facilitation of

shifting cognitive “sets”, or ‘decentering’, so to promote

positive emotion and strategic coping via the positive re-

appraisal of potentially stressful/unpleasant input (Garland

et al. 2009). Our findings of altered γ-power, particularly to

errors towards negatively valenced material alongside

attenuation in symptom severity are in line with this con-

jecture, providing a plausible neurophysiological substrate

of this re-appraisal mechanism via adaptive MBCT-regu-

lated γ-power.

Inter- versus intra-hemispheric coherence

Increased left-intra-hemispheric coherence (F3–P3) was

specific to the MBCT group, compared to right-hemi-

spheric coherence (F4–P4) in the WL. These findings

suggest MBCT enhanced fronto-parietal connectivity

within the left-hemisphere, where left frontal hypoactivity

is a consistent finding in MDD (Ohta et al. 2008; Rogers

et al. 1998 (review); Bajulaiye and Alexopoulos 1994).

Moreover, enhanced long-range fronto-parietal coherence

was exclusive to the α-band, whereby increased α-coher-
ence has been linked to fluid complex higher-order

functions, such as central executive control (Sauseng et al.

2005: also specific to the fronto-parietal network), obser-

vational learning (van der Helden et al. 2010), creativity

(Orme-Johnson and Haynes 1981), and transcendental

experience (Dillbeck and Bronson 1981). Furthermore, α-
synchrony across distant fronto-parietal projections regu-

lates the integration of information within the ‘adaptive

control network’; a top-down system implemented in the

moment-to-moment control and allocation of sensory

resources and specialised processing (Sadaghiani et al.

2012). Related findings show enhanced right-intra-hemi-

spheric coherence over fronto-temporal low frequency

bands, i.e. delta and theta frequencies have been connected

to poorer treatment response to anti-depressant medication

(Lee et al. 2011). Therefore, it is reasonable to surmise that

enhanced left-hemispheric α-coherence possibly served as

an ‘enabling mechanism’ towards the cohesive imple-

mentation of conjoining action pathways.

Limitations

First, wait-list control lacks rigour, meaning we cannot rule

out the possibility of general psychological intervention

effects pertaining to the presented findings. Future inves-

tigations may include active controls to consolidate the

evidence-base, particularly CBT-only comparison,

enabling us to decipher between mindfulness and psycho-

therapeutic pathways. Second, this was not a fully

randomised controlled study. Third, a larger patient sample

size would contribute greater empirical strength to this

report and the ensuing presented hypotheses. Whilst this

may be counter-balanced considering the high sensitivity

of EEG measures, it does not extend to the questionnaire

data (particularly when factoring the incomplete clinical

variables), enforcing us to approach any correlational

relationships with great caution. Fourth, the female/male

ratio was not equal, although Sex did not show as a sig-

nificant confound in statistical analyses. Fifth, medication-

free patients in both groups throughout the trial would have

been optimal, although an unrealistic option considering a

substantial part of patients with recurrent depression ben-

efit from pharmacological treatments. Fortunately,

medicated and non-medicated patients were equally dis-

persed between groups, and post hoc analyses did not show

medication status as a significant confound. Last but not

least, the sample included current and remitted depressed
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patients, likely engendering differing baseline EEG mea-

sures for the two groups. Although, the purpose of the

study was to examine relative EEG modulation connected

to MBCT. Furthermore, current versus remitted patients

were equally dispersed between groups, and Patient Status

was not found a significant co-variate, nor had any sig-

nificant interactions with Time (i.e. pre-to-post/treatment

effects).

Summary

The present findings allude to manifold electro-cortical

substrates of MBCT, constituting linear and non-linear

mechanisms of action. Elevated α-band coherence within

the left fronto-parietal network plausibly served as an ini-

tial ‘potentiation’ gateway for conjoining emotion related

subsystems. In parallel, modulations upon α and γ power,

further mediated by α-desynchronisation dynamics, min-

istered an ‘excitatory’ mechanism upon properties involved

in the regulation and execution of positive mood and re-

appraisal. Concurrently, a ‘unifying’ mechanism targeted

the cortical-subcortical midline system overseeing adaptive

self-processing; largely disrupted during current and

residual depressive pathology; subsequently promoting

subtle and abstract self-represented processing networks

towards compassionate and positively-accepting experien-

tial states. Despite our methodological constraints, the

present observations provide direction for future lines of

enquiry into the discernibly multifarious neural mecha-

nisms of MBCT that seemingly enact via inter-dependent

multi-dimensional pathways.
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