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Abstract Depressive severity has been associated with

attenuated neocortical frontal midline theta (Fm-h) power/

evoked activity. Mindfulness-Based Cognitive Therapy

(MBCT) has shown to be a successful novel intervention

for Major Depressive Disorder (MDD), albeit precise

working mechanisms remain elusive. We examined the

hypothesis that MBCT would have modulating effects

upon evoked Fm-h power, in addition to investigating

possible mediation of induced event-related de/synchroni-

sation (ERD/ERS) dynamics. Fifty one patients with a

primary diagnosis of MDD (26 exposed to MBCT vs. 25

wait-list/WL controls) undertook a Go/NoGo task con-

sisting of positive, negative and neutral words, further

stratified into abstract versus trait adjective matrices.

Depressive symptom severity and rumination were also

examined. A pattern of enhanced induced Fm-h synchro-

nisation during the latter 400–800 ms temporal-window

pre-to-post MBCT was observed; the contrary in the WL.

Modulated ERD/ERS dynamics correlated to amelioration

in depressive and rumination symptoms in the MBCT

group. We propose the primary action pathway alluded to a

neural disengagement mechanism enacting upon tonic

neuronal assemblies implicated in emotional and self-

related processing. Due to the complexity and presently

undiscovered complete unified scientific understanding of

neuro-oscillatory-dynamics, and associated clinical inter-

plays; we hypothesise that the electro-cortical and con-

nected clinical working pathways of MBCT in depression

are multi-levelled constituting nonlinear and interdepen-

dent mechanisms, represented by mediated EEG synchro-

nisation dynamics.

Keywords Fm-theta � Major Depressive Disorder

(MDD) � Mindfulness-Based Cognitive Therapy (MBCT) �
Event-related (de-)synchronisation (ERD/ERS) �
Oscillatory EEG � Rumination

Abbreviations

ACC Anterior cingulate cortex

Ag/AgCl Silver/silver-chloride

CBT Cognitive Behavioural Therapy

CD Currently depressed

CDS Cambridge Depersonalization Scale

CMO Commissie Mensgebonden Onderzoek

DMN Default-mode network

DSM-IV-TR Diagnostic and Statistical Manual of

Mental Health Disorders (version IV-TR)

ECT Electroconvulsive therapy

EEG Electroencephalography/

electroencephalographic

EN Emotional numbing

ERD/ERS Event-related (de-)synchronization

ERD Event-related desynchronization

ERP Event-related potential
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ERS Event-related synchronization

FA False alarm (i.e. response to NoGo stimuli)

FFMQ Five Facet Mindfulness Questionnaire

Fm-h Front midline theta

ICA Independent Component Analysis

IDS Inventory of Depressive Symptomatology

ISI Inter-stimulus-interval

MBCT Mindfulness-Based Cognitive Therapy

MDD Major Depressive Disorder

MEG Magnetoencephalography

mOFC Medial orbitofrontal cortex

rACC Rostral ACC

PFC Prefrontal cortex

RCT Randomized controlled trial

RD Remitted depressed

Rm-ANOVA Repeated measures-Analysis of variance

RRS Ruminative Response Scale

SCS Self-Compassion Scale

STAI—S/T State-trait anxiety inventory (state/trait)

TPN Task-positive network

TW Time window: E/L = Early [0–400 ms]/

Late [400–800 ms]

WL Wait-list

Units of measurement

dB Decibel

Hz Hertz

KX Kilo-ohm

ms Millisecond

lV Microvolt

Introduction

Major Depressive Disorder is highly debilitating and often

non-responsive to pharmacological and psychological

interventions (Guilloux et al. 2012). This is further exac-

erbated where absence of full remission following a first

depressive episode increases the probability of recurrent

episodes, ensuing significant burden upon patients’, their

immediate support, and societal and economic resources in

general (McIntyre and O’Donovan 2004). Thus, develop-

ing alternative interventions for patients who appear to be

medication and/or psychotherapy treatment-resistant is

pertinent.

A conjectured EEG biomarker of MDD is Fm-h (4–8 Hz

bandwidth) activity, primarily generated by frontal lobe-

ACC circuits (Ekstrom et al. 2005). Enhanced Fm-h pur-

portedly indicates greater mental effort and sustained

attention (Mitchell et al. 2008), where lower levels may

correlate to greater depression and anxiety severity (Gold

et al. 2013). Corroborating research indicates medication-

related increase in EEG h-power alongside successful

paroxetine (Knott et al. 2002), and nortriptyline (Pizzagalli

et al. 2001) antidepressant treatment, and increased frontal

cortical MEG h-activity following efficacious ECT (Heik-

man et al. 2001). Increased resting h-activity within the

rACC has been reported in responders to citalopram and

reboxetine medications (Mulert et al. 2007), whereby ele-

vated levels theoretically improve the probability of anti-

depressant success via increased synchrony between the

DMN and TPN, associated with cognitive control (Pizza-

galli 2011). Moreover, elevated pre-treatment h current

density within rACC and mOFC regions correlate with

symptom improvement in responders to venlafaxine and

fluoxetine (Korb et al. 2009). Collectively, these findings

implicate heightened h-power in symptom alleviation and

better treatment outcome for MDD.

The development of innovative treatments aside phar-

macological interventions for depression have given rise to

the emergence of Mindfulness-Based Cognitive Therapy

(MBCT), i.e. the combination of CBT and structured

attention training encompassing formal meditative tech-

niques (Segal et al. 2012). Originally conceived for relapse

prevention in recurrent depression (Teasdale et al. 2000;

Ma and Teasdale 2004), MBCT has also been successful

for treatment-resistant (Kenny and Williams 2007), and

current depression (van Aalderen et al. 2012), suicide

vulnerability (Williams et al. 2006), Bipolar Disorder

(Williams et al. 2008), and anxiety (Evans et al. 2008).

However, despite accumulating clinical success, precise

working mechanisms of MBCT remain relatively under-

researched/undefined.

Here, we utilised EEG with the aim to decipher potential

neural working mechanisms of MBCT in the treatment of

recurrent depression. Electroencephalography provides a

multi-dimensional index of brain function, where linear

decompositions of EEG signals, such as evoked oscillatory

activity and event-related potentials (ERPs), provide phase-

locked cortical information associated with populations of

neuronal transients directly manifested via the stimulus/

event. Such uni-dimensional brain measures can mask

underlying and potentially more complex neural dynamics,

such as non-phase-locked EEG, which purportedly reflect

oscillations generated by diverging higher-order synchro-

nous neuronal assemblies not evoked directly by stimuli,

but rather are induced via nonlinear and likely discrete

mechanisms, representing multi-levelled tonic cortical

activity in time–frequency space. We employed non-linear

signal analysis to measure ERD/ERS in the extraction of

both evoked phase-locked and induced non-phase-locked

components. Non-phase-locked ERD/ERS defines cortical

synchrony in terms of: (1) ERD; whereby integrant neu-

ronal assemblies underlying neuronal circuitry function in

a relatively independent way, representing an ‘activated’

system with maximal readiness and potential for cortical
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processing, i.e. ‘cortical excitation’, (2) ERS; reflecting

state deactivation/’inhibition’, or the decreased excitability

of cortical neurons and more stable/coherent synchrony

between neuronal sub-populations, independent from neu-

ronal firing rates which can be higher compared to ERD

(Harris and Thiele 2011).

Hypotheses

(1) MBCT would increase Fm-h evoked power, in line with

extant anti-depressant studies, based on the proposed

mechanisms of MBCT upon attention and emotion regu-

lation (Hölzel et al. 2011); (2) MBCT would mediate

underlying non-phase-locked neuronal h-synchrony. Due to

its novelty, alongside the fact that induced and evoked

activity are not necessarily linearly entangled, no point of

reference/rationale was available to predict a direction in

results, constituting an exploratory element of the study;

(3) We reasoned that reduced Fm-h in depression, where

increased levels correlate with improved symptom severity

and/or treatment response, plausibly underpin sub-optimal

cognitive and attention processing implicated in rumination

(Demeyer et al. 2012). Interestingly, Bipolar Disorder

patients show increased h-power (4–7 Hz) and h/b ratio

activity during a sustained attention task following treat-

ment, suggesting MBCT improves comparatively low

levels of attentional readiness and frontal cortical control

(Howells et al. 2012). In this light, we hypothesised that

increased h-activity pre-to-post MBCT would correlate

with ameliorated depressive severity and rumination.

Methods

Recruitment and sample

Figure 1 outlines the recruitment procedure. We aimed to

recruit approximately n = 25 per group (MBCT vs. WL),

based on A-priori power calculation whereby a minimum of

n = 21 per group was required to achieve 0.80 power to

detect significant difference (a = .05), with an effect size

d = 0.8. Sample demographics, clinical, and task perfor-

mance/behavioural measures, are reported in Table 1.

Included patients had suffered between 1 and 3 previous

depressive episodes. Patients were recruited via the Radboud

University Medical Centre Nijmegen (UMCN) psychiatry

outpatient clinic and associated UMCN Mindfulness Centre

via specialist referrals. Primary diagnosis of MDD was

ascertained according to the DSM-IV-TR by a consultant

psychiatrist. Patients were allocated to experimental group

depending upon when they had applied for their MBCT

course, i.e. patients accepted onto an MBCT course with

8-weeks ? until its onset were allocated to the WL group.

Procedure

MBCT consisted of eight weekly sessions of 2.5 h, one full

silent training day, and daily homework lasting 0.75 h (for

exercise details, see Segal et al. 2012). Training was

administered by health care professionals with longstand-

ing clinical and mindfulness experience, meeting the

teaching criteria of the Dutch Association of Mindfulness

Trainers (www.vmbn.nl). Informed written consent to

participate in an ethically approved (CMO, Arnhem-Nij-

megen) research study was obtained.

Patients undertook an affective Go/No-Go task concom-

itant to EEG recording. The experimental task was structured

in 12 9 100 stimuli blocks [N = 1,200 stimuli], 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

and De Houwer 1994). Each block consisted of 809Go and

209NoGo stimuli (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)]. Between each block standardised instructions were

given onscreen, verified verbally by the experimenter, indi-

cating which word valence to press/not press for, in addition

to: ‘‘There are no right or wrong responses. Please press when

the word is *positive/negative/neutral* to you’’.

Positive and Negative words were further divided into

abstract (e.g. freedom, cruelty) and trait (e.g. ambitious,

unhappy) words. We anticipated MDD patients would be

particularly self-referential concerning negative trait words

compared to negative abstract words for example. Block

presentation and word stimuli within each block were

randomised. Within the overall experiment, 600 different

word stimuli aimed to reduce stimuli habituation/famil-

iarity, alongside random stimulus presentation duration

(500–1,500 ms), and random ISI (800–1,750 ms).

Clinical scales

The following instruments were administered at T1 and T2;

(a) IDS (Rush et al. 1996), gauging depressive symptom

severity; (b) RRS (Nolen-Hoeksema and Morrow 1991)

gauging response patterns towards feelings of sadness/

depression; (c) FFMQ (Baer et al. 2008); (d) SCS (Neff

2003); (e) STAI-S/T (Spielberger et al. 1983); (f) CDS

(Sierra and Berrios 2000). Due to the high co-morbidity of

depersonalisation in depression (20–30 %), we included

this scale to examine potential interplays between the

‘emotional numbing’ (EN) sub-category and the MBCT

process, i.e. attending in the present to emotional

experience.
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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 online reference was used (AFz),

and referenced to the right mastoid offline. Ground electrode

was placed on the forehead. Vertical 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 B10 KX.

Electrical signal was continuously sampled at a digitization

rate of 500 Hz, with a band-pass filter of 0.1–100 Hz.

Initial recruitment: 
N = 102

Refused participation: 
n = 28 

Agreed to participate: 
n = 74 

NO YES 

Inclusion criteria: 
- Primary DSM-IV-TR MDD diagnosis 
- Age range: 21-65 years 

Exclusion criteria: 
- alcohol/substance abuse/dependence 
within last 6 months 
- current or previous co-morbid: Bipolar 
Disorder, psychosis, Obsessive-
Compulsive Disorder (OCD), eating 
disorders, personality disorders, 
neurological disorders (e.g. ADHD, 
ADD, epilepsy), learning difficulties 
-non-native Dutch language ability 
-previous mindfulness practice 

SCREENING PROCEDURE 

Excluded because of 
clinical co-morbidity: 

n = 16 

Excluded due to 
previous mindfulness 

exposure/practise: 
n = 3 

NOT ELIGIBLE 

Included in EEG study: 
N = 55 

Drop outs: 
N = 4 

Complete Final Sample 
N = 51 

WL: 
n = 25 

MBCT: 
n = 26 

ELIGIBLE 

Fig. 1 Recruitment procedure

376 Cogn Neurodyn (2014) 8:373–388

123

http://www.BrainProducts.com


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

Oscillatory EEG analysis was conducted using Brain

Vision Analyzer 2.0.2. Occular artefacts were removed

using ICA (Graimann and Pfurthscheller 2006), and data

were segmented into 1,400 ms epochs [length = -500 to

900 ms relative to stimulus onset]: (1) stimulus-locked

correct NoGo trials (NoGo-T), (2) stimulus-locked correct

Go trials (Go-T). NoGo-T and Go-T data included the

following sub-segmentations: (1) Valence (Positive, Neg-

ative, Neutral), and (2) Object versus Self (abstract words,

trait words). Artifact rejection removed electromyographic

activity and/or amplifier saturation, where voltages

exceeding ±50 lV were discarded. Data were band-pass

filtered (Butterworth zero-phase, 24 dB/octave) into h-

frequency range activity (4–8 Hz).

A series of ERD/ERS analyses were then applied to

extract induced and evoked oscillatory activity. Point-to-

point ‘intertrial variance method’ (formulaic calculations,

see Kalcher and Pfurtscheller 1995) was employed to cal-

culate event-related induced activity by averaging all

epochs and subtracting the average from each individual

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 27.3 (9.4) 19.3 (9.3) p = .02* 25.1 (12.3) 25.3 (13.2) p = .89 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

ZC global 83.7 (25.8) 107.0 (26.5) p < .0001** 81.7 (22.8) 84.0 (23.1) p = .45 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

Bold font indicates statistical significance
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epoch constituting the average, thus extracting phase-

locked activity. ERD/ERS was quantified as percentage

change in average inter-trial variance (A) 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) = -500–0 ms, relative to stimulus-

onset, defined as follows:

ERD=ERS % ¼ AðnÞ�R
� �

=R
� �

� 100

To ascertain whether underlying neuronal states were

predominantly synchronised or desynchronised within the

defined temporal windows of interest following stimulus

presentation, mean induced ERD/ERS % during the E-TW

(0–400 ms) and L-TW (400–800 ms) were subsequently

calculated and used in statistical analyses.

For phase-locked evoked activity; following bandpass

filtering, epoch voltages were squared and subsequently

averaged, and expressed as instantaneous power (lV2).

Mean power for the E-TW (0–400 ms) and L-TW

(400–800 ms) were then calculated.

Statistical analyses

Separate repeated-measures (rm-) ANCOVA (co-variates:

sex, medication status) were conducted for: (1) behavioural

accuracy data, (2) behavioural reaction time (RT) data, (3)

EEG evoked power data, and (4) EEG induced ERD/ERS

dynamics. Rm-ANCOVA examined Time (2 level: pre/T1,

post/T2) 9 Condition (2 level: Go, NoGo) 9 Valence (3

level: Positive, Negative, Neutral) x Group (2 level: MBCT,

WL), for accuracy, and RT behavioural data. Rm-ANCOVA

examined Time (2 level: T1, T2) 9 Time-Window/TW

(2 level: E: 0–400 ms, L: 400–800 ms) 9 Condition (2 level:

Go, NoGo) 9 Valence (3 level: Positive, Negative, Neutral)

9 Group (2 level: MBCT, WL) matrices for mean induced

ERD/ERS % dynamics, and evoked power, measured at the

FCz electrode. Additionally, ERD/ERS and evoked power

were examined (separately) via Time (2 level: T1, T2) 9

TW (2 level: E, L), 9 Condition (2 levels: Go, NoGo) 9

Self/Abstract (2 levels: self/trait words, abstract/objective

words) x Group (2 level: MBCT, WL) rm-ANCOVAs. N.B.

Analyses were conducted in this way so to avoid Type I

errors, due to too small numbers per cell if stratifying the data

by Valence and Self/Abstract substrata within the same rm-

ANCOVA. Greenhouse Geisser corrections were used when

assumptions of sphericity were violated. Where significant

effects/interactions were revealed from the main rm-

ANCOVA/s, follow-up one-way ANOVAs were applied to

increment change from T1-to-T2 (T2–T1), i.e. cortical

change relative to individual baseline, so to disentangle main

effects/interactions.

Results

Due to technical failure, 22 WL and 20 MBCT behavioural

datasets were available for statistical task performance

analysis. Due to practical restraints (e.g. time, patient

fatigue, refusal, partially completed questionnaires), 38 full

questionnaire datasets were collected at both T1 and T2 in

the EEG testing sessions. For ERD/ERS data, we dropped

the dataset for the Neutral condition of one patient who had

too few correct NoGo trials.

Behavioural data

Regarding accuracy scores; as expected main effect of Con-

dition (F(1, 38) = 1,558.493, p\ .0001), was found. There

were no main effects of Group (p = .09), Medication

(p = .44), or Group interactions, indicating no behavioural

task-performance changes related to the MBCT. Regarding

RT; main effect of Condition (F(1, 38) = 27.830, p \ .0001),

and Condition*Group (F(1, 38) = 6.436, p = .02), and Con-

dition*Valence*Group (F(2, 76) = 3.586, p = .04) interac-

tions were apparent. Although, follow up tests indicated any

differences between and within groups were not significant.

Baseline EEG

A series of one-way ANOVAs were applied to baseline (pre/

T1) data for each EEG variable, with Group (MBCT, WL) as

Factor. Significant differences between MBCT vs. WL at

baseline pertained to induced-h only: for (1) Negative NoGo

during the E-TW (F(1, 49) = 12.806, p = .001: [MBCT =

9.69 % ERS vs. WL = -9.99 % ERD]), (2) Self NoGo during

the E-TW (F(1, 49) = 4.956, p = .03: [MBCT = .81 % ERS

vs. WL = -8.43 % ERD]), and (3) Positive NoGo during the

L-TW (F(1, 49) = 5.067, p = .03: [MBCT = 44.03 % ERS

vs. WL = 87.07 % ERS]).

Induced ERD/ERS (%)

Valence

Main effect of TW (F(1, 46) = 12.790, p = .001), showed h-

ERD for the E-TW (0–400 ms), and greater ERS during the

L-TW (400–800 ms), in both groups. Main effect of Condition

(F(1, 46) = 9.519, p = .003), Valence (F(2, 92) = 3.228,

p = .05), and TW*Condition (F(1, 46) = 5.615, p = .022),

TW*Valence (F(2, 92) = 7.956, p = .001), Time*

Valence*Group (F(2, 92) = 4.487, p = .01), and Time*

Condition*Valence*Group (F(2, 92) = 5.459, p = .006),

interactions were found. However, no main effects of Group

(F(1, 46) = .645, p = .43), Sex (F(1, 46) = .997, p = .32),

or Sex interactions were evident, suggesting the uneven sex

distribution had no effect on ERD/ERS activity.
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To better disentangle these findings in light of any

baseline differences, posthoc one-way ANOVAs were

applied to incremental changes from T1-to-T2 (T2–T1) for

each variable, i.e. cortical change relative to individual

baseline. No significant posthoc findings were evident for

Go-T. However, an overall pattern showed increased cor-

tical inhibition for Positive and Neutral stimuli opposed

cortical activation for Negative stimuli during the E-TW

from T1-to-T2, in the MBCT group. The WL group

showed a contrary pattern albeit with smaller degrees of

incremental change. Marked difference from T1-to-T2 was

evident between groups during the L-TW, whereby mean

ERS/cortical inhibition was apparent across valence con-

ditions in the MBCT group, compared to mean ERD/cor-

tical activation in the WL.

Significant incremental changes were exclusive to

induced h-activity for NoGo-T (Fig. 2). Despite variability

in (1) Positive stimuli during the L-TW and (2) Negative

stimuli during E-TW between groups at T1, a significant

incremental change (controlling for individual baseline)

was evident for both: (1) (F(1, 49) = 10.933, p = .002),

showing increased ERS pre-to-post-MBCT [44.03 to

55.81 %], compared to decreased ERS in the WL [87.07

to 51.26 %]; and 2) (F(1, 49) = 5.099, p = .03), indicating

a shift from synchronised to desynchronised cortical

state pre-to-post [9.69 % to -1.83 %] MBCT, compared

to attenuated ERD in the WL [-9.99 % to -3.99 %]

(Fig. 3).

Medication effects (valence)

No main effect of Medication (F(1, 46) = 1.158, p = .288)

was found, although a Time*TW*Condition*Valence*

Medication (F(2, 92) = 3.392, p = .04) interaction was

evident, where posthoc one-way ANOVAs showed signifi-

cant increment change (pre-to-post) for NoGo trials in the

late TW (400–800 ms) to Positive stimuli (F(1, 35) =

6.350, p = .02) in the medicated group only. Follow-up

paired-tests, with a Group*Medication dataset split, showed

these pre-to-post differences were not significant; medicated

patients receiving MBCT showed increased ERS pre-to-post

(t(18) = -.892, p = .38 - [45.8 % to 52.4 %]), as did

non-medicated patients exposed to MBCT (t(6) = -1.407,

p = .21 - [39.3 % to 65.1 %]). The opposite of decreased

ERS from T1-to-T2 was apparent in the WL group,

regardless of medicated (t(16) = 2.252, p = .04 - [99.1 % to

57.8 %]), or non-medicated (t(7) = 4.353, p =.003 - [61.6 %

to 37.3 %]), status. These analyses must be approached with

caution due to the low numbers per cell when stratified by

Group*Medication (i.e. medicated MBCT n = 19, WL n =

17 vs. non-medicated MBCT n = 7, WL n = 8).

Self/trait versus object/abstract

Condition (F(1, 47) = 8.199, p = .006), TW (F(1, 47) =

13.071, p = .001), and TW*Condition (F(1, 47) = 7.114,

p = .01), Time*Group (F(1, 47) = 4.037, p = .05), and

Time*TW*Group (F(1, 47) = 5.481, p = .02) interac-

tions, were evident. No main effects of Group (p = .52),

Medication (p = .23), or Sex (p = .33).

Follow up analyses examining incremental change, to

account for any baseline differences, showed both groups

increased cortical activation between T1-to-T2 for Go-T,

whereby incremental change was greater for Self-related/

trait stimuli in the MBCT group. However, during the

L-TW, oscillatory dynamics in the MBCT group shifted to

greater cortical inhibition, which was not apparent in the

WL (F(1, 49) = 4.647, p = .036), (Fig. 4a, b).

For NoGo-T incremental changes; during the E-TW,

both groups showed a tendency for overall mean ERD/

cortical activation from T1-to-T2 for both conditions, and

to a larger degree for Self-related stimuli in the MBCT

group. Significantly increased ERS/cortical inhibition for

Self stimuli during the L-TW (F(1, 49) = 4.647, p = .036)

was apparent pre-to-post MBCT, compared to attenuated

ERS in the WL (Fig. 5a, b).

Evoked power (l2)

Valence

Main effect of TW (F(1, 46) = 4.446, p = .04), and

TW*Valence (F(1, 46) = 7.505, p = .002), Time*TW*

Condition (F(1, 46) = 4.115, p = .05), Time*Condi-

tion*Valence (F(2, 92) = 4.683, p = .02), interactions were

found. Moreover, a Time*Condition*Valence*Medication

(F(2, 92) = 5.169, p = 01) interaction was found, although

follow-up posthoc tests did not reveal significant differences.

Furthermore, no main effect of Group (F(1, 46) = .229,

p = .64), Medication (p = .633), Sex (p = .97), or Group/

Sex interactions were apparent, demonstrating that MBCT

exposure did not affect evoked h-activity.

Self/trait versus object/abstract

There were no significant findings, specifically main effects

of Group (p = .88), Medication (p = 72), Sex (p = .68),

or Group interactions.

Correlations: clinical data ? h activity

Clinical variables are outlined in Table 1. A Time*Group

(F(1, 34) = 6.329, p = .02) interaction for IDS scores was

evident. Significant correlations between reduced IDS
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scores pre-to-post, and increased ERD induced theta activity

were evident in the MBCT group only. Specifically,

decreased IDS scores correlated with increased ERD

[-4.61 % to -8.49 %] for false alarms (FAs) to NoGo

Neutral stimuli during the E-TW (r(15) = -.543, p = .04);

and increased ERD [1.06 % to -1.08 %] during the E-TW

for FAs to Object stimuli (r(15) = -.583, p = .022).

There was no main effect of Group (p = .45), or

Time*Group (p = .32) interaction for rumination scores.

There was no main effect of medication (p = .95), how-

ever, a Time*Medication interaction (F(1, 34) = 5.340,

p = .03) showed medication elicited a general decrease in

RRS scores pre-to-post compared to non-medicated

patients. Reduced RRS scores pre-to-post MBCT exposure

were associated with a mean shift from ERS to ERD

[.81 % to -.55 %] for FAs to Self stimuli during the E-TW

(r(15) = -.629, p = .01), no correlations were evident for

the WL (Fig. 6). Albeit, due to the baseline differences

between groups for this specific measure, additional to the

incomplete available clinical data, it would be wise to

approach such correlation with caution.

Discussion

To our knowledge, this is the first examination of Fm-h
ERD/ERS cortical dynamics relative to MBCT exposure in

MDD patients. Contrary to expectations, we did not see

enhanced phase-locked evoked oscillatory activity, in line

with absent behavioural performance change. As hypoth-

esised, significant findings pertained to non-phase-locked

induced neural synchrony, for valence-related and object/

self-related matrices during the 400–800 ms post-stimulus

onset temporal-window, suggesting mediation of nonlinear

(task-independent) synchrony related to underlying h-

oscillations. Specifically, MBCT and WL groups showed

diverging directions of induced synchrony; (1) during the

early 0–400 ms temporal-window post-stimulus, whereby

MBCT patients yielded increased pre-to-post desynchro-

nisation for negative material, more evident in NoGo-T

trials compared to Go-T, contrary to an opposite pattern in

the WL group; and (2) the late 400–800 ms temporal-

window was characterised by a large shift in synchroni-

sation, where T1-to-T2 incremental change controlling for

individual baseline variability, revealed synchronisation

significantly increased in the MBCT group suggesting

overall cortical inhibition, with the opposite direction in the

WL group. Modulation in non-linear oscillatory dynamics

also correlated with amelioration in depressive and rumi-

native symptoms. These findings reflect complex and

nonlinear (non-phase-locked) mechanisms of action, whose

potential exploration and discussion will ensue.

Attention allocation shifting

Non-clinical studies have connected enhanced, particularly

frontal, h-ERS with increased executive functioning, such

as optimised working memory and the allocation of

attention to task-specific demands (Doppelmayr et al. 2000;

McEvoy et al. 2001; Missonnier et al. 2006; Deiber et al.

b Fig. 2 ERD/ERS induced activity for NoGo-T positive (above),

negative (middle), and neutral (below) stimuli at T1 (line) and T2

(dot) for MBCT (left) and WL (right) groups [x-axis = full 800 ms

TW; y-axis = desynchronisation (-), synchronisation (?)].

D = latency (ms) and peak (%) of difference in induced activity

from T1 to T2 for E-TW: 0–400 ms (left) and L-TW: 400–800 ms

(right)

Fig. 3 Induced fronto-central ERD/ERS incremental change (T2–T1)

for NoGo-T during E:0–400 ms (above) and L:400–800 ms (below)

epochs
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2007). Moreover, increases in frontal midline theta (Fm-h)

power (increased ERS = increased power), distinct from

the regionally ubiquitous h rhythm associated with low-

level alertness or hypnagogic states (Schachter 1977), have

been reported in high-order cortical allocation during error

processing (Luu et al. 2004; Trujillo and Allen 2007),

language processing (Bastiaansen and Hagoort 2003),

working memory (Bastiaansen and Hagoort 2003; Gevins

et al. 1997; Jensen and Tesche 2002), and increased

attentional control via meditation (Aftanas and Golochei-

kine 2001; Travis and Shear 2010). Related to the latter

point, enhanced Fm-h appears specific to open monitoring

meditation, a distinct meditative technique aiming to

increase reflective, non-reactive, and non-judgemental

moment-to-moment awareness of internal and external

experience (Travis and Shear 2010).

Fig. 4 a ERD/ERS induced activity for Go-T Self-related (above),

and object-related (below), stimuli at T1 (line) and T2 (dot) for

MBCT (left) and WL (right) groups. b Induced fronto-central ERD/

ERS incremental change (T2–T1) for Go-T during E: 0–400 ms

(above) and L: 400–800 ms (below) epochs [x-axis = full 800 ms

TW; y-axis = desynchronisation (-), synchronisation (?)].

D = latency (ms) and peak (%) of difference in induced activity

from T1 to T2 for E-TW: 0–400 ms (left) and L-TW: 400–800 ms

(right)
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Taken together, we can logically premise that the

increase in event-related h-synchrony (ERS) for positive

trials during the task-processing and execution epoch

(0–400 ms) exclusive to the MBCT, reflected the optimised

allocation of attentional resources and higher order cogni-

tion specific to positively valenced material. This mecha-

nistic interpretation has empirical and clinical value for

future hypotheses and inquiry pertaining to mood disorders

underpinned by the over-allocation, or attentional bias, of

negative versus hypo-allocation towards positive, stimuli.

Neural disengagement mechanism

Interconnecting to the postulation above, the late

400–800 ms temporal-window was characterised by a large

shift in significantly increased synchronisation in the

MBCT group suggesting overall cortical inhibition, with

the opposite direction of decreased synchronisation in the

WL group. Decreased h-synchrony, ergo inhibition of

multi-levelled neuronal assemblies, during the latter

400–800 ms in the MBCT group, presents an attentional

disengagement mechanism. We may infer neural disen-

gagement did not occur in the WL patients as mean syn-

chrony dynamics shifted in the opposite direction from T1-

to-T2 representing greater cortical excitation, which was

highest for negative stimuli. Accordingly, attenuated

attention towards negative stimuli alongside reduced inhi-

bition of attention to positive stimuli in patients with a

history of depression has been reported post-MBCT (De

Raedt et al. 2012), which is in line with our neural disen-

gagement and attention allocation shift (section above)

findings and hypothesis here.

The plausibility of a cognitive disengagement mecha-

nism is an important priority in terms of a therapeutic

working pathway of MBCT for MDD considering the

evidence suggesting attentional biases, or inability to dis-

inhibit attention, towards negative material (Foland-Ross

et al. 2013) appear key to the disorder’s aetiology and

maintenance. From our findings, we may surmise that

MCBT facilitated the top-down resynchronisation of

underlying cortical circuitry, i.e. ‘resetting’ of neural syn-

chrony giving rise to a recalibration of cortical state, in

turn, promoting optimal readiness for newly incoming task

demands and processing whilst adaptively disengaging

from previously processed material. Furthermore, the

mediatory effects of MBCT on tonic non-phase-locked Fm-

h plausibly connects to DMN dynamics in MDD. That is,

frontal-h serves as an electrocortical index of DMN activity

(Scheeringa et al. 2008), and increased DMN activity

dominance over the TPN has been linked to higher levels

of maladaptive rumination in depression (Hamilton et al.

2011). In this vein, our results showed a shift in non-phase-

locked Fm-h from ERD to ERS for FAs to Self-related

material correlated with ameliorated rumination.

Induced Fm-h and emotion regulation

Functionally, Fm-h has links to emotion processing, where

its neuroanatomical generation has been sourced to the

ACC (Pizzagalli et al. 2003), a key structure of the limbic

system, alongside interplays with other limbic areas and the

PFC in the top-down control of emotion regulation cir-

cuitry (Etkin et al. 2011). For example, increased Fm-h
correlates with auditory perception of consonant (harmonic

and stable, i.e. likely perceived as beautiful), opposed to

dissonant (disharmonic and unstable, i.e. likely perceived

as chaotic and unsettling) music perception (Sammler et al.

2007), and during musical mood induction eliciting joyful

Fig. 4 continued
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and pleasurable emotional states (Lin et al. 2010).

Enhanced frontal and parietal absolute h have been asso-

ciated with mystical states in long-term Carmelite nuns, i.e.

during experiences of an all-encompassing union with the

‘divine’ or ‘God’ according to the Carmelite order (Beau-

regard and Paquette 2008).

Here, the significant shift in h-ERS (corresponding to

increased h-power) during the latter time window

(400–800 ms) pre-to-post MBCT, thus may have also been

connected with the ensuing amelioration in depressive

symptom severity. For example, an extant study reported

enhanced h-synchronisation during heightened positive

emotional states of ‘bliss’ and increased internalised aware-

ness in meditators (Aftanas and Golocheikine, 2001), indi-

cating a modulatory role on positive mood. Interestingly, an

RCT found increased appraisal and momentary experience of

Fig. 5 a ERD/ERS induced activity for NoGo-T self-related (above),

and object-related (below), stimuli at T1 (line) and T2 (dot) for

MBCT (left) and WL (right) groups. b Induced fronto-central ERD/

ERS incremental change (T2–T1) for NoGo-T during E:0–400 ms

(above) and L:400–800 ms (below) epochs [x-axis = full 800 ms

TW; y-axis = desynchronisation (-), synchronisation (?)].

D = latency (ms) and peak (%) of difference in induced activity

from T1 to T2 for E-TW: 0–400 ms (left) and L-TW: 400–800 ms

(right)

384 Cogn Neurodyn (2014) 8:373–388

123



positive emotions post-intervention in patients with a history

of depression and current residual symptoms (Geschwind

et al. 2011). Further related evidence pertains to low-anxiety

participants exhibiting higher h-ERS to pleasant compared to

threatening images, with the converse observed in high-anx-

iety traits (Aftanas et al. 2003). Whilst depression and anxiety

often share co-morbidity, we stringently screened out anxiety-

disorders from our patient sample, so to ‘purely’ evaluate the

neural mechanisms of MBCT in MDD. Within this context,

enhancement of MBCT-related h-ERS and its likely impli-

cations in mood regulation of our depressed sample appears

empirically and clinically apt.

Overall, significantly altered induced synchrony sug-

gests that the mediating disengagement mechanism of the

MBCT was via higher-order synchrony of neuronal

assemblies associated with non-linear cortical dynamics

associated with non-phase-locked (or ‘background’)

rhythmic oscillations. In this light, h-band activity in gen-

eral may reflect cortical binding properties in the gating of

information processing flow in limbic brain regions via the

facilitation of transmission between differing structures of

the limbic system (Pizzagalli et al. 2003; Vinogradova

1995), pertinent in emotion processing.

Self-related processing

Non-phase-locked induced neural oscillations also appear

to have pivotal multi-levelled involvement in self-related

processing. For example, gamma (35–44 Hz) band desyn-

chronisation during states of dissolution and reconstitution

of a sense of ‘self’ reported during meditation (Lehmann

et al. 2001), midline frontal and left hemispheric beta

(12–24 Hz) synchronisation associated with intentional

Fig. 5 continued

Fig. 6 Scatterplots outlining correlations between rumination (RRS

scores) increment change and ERD/ERS activity for FAs to NoGo

Self trials during the E-TW for MBCT (above) versus WL (below)
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inhibition related to self-control and volition (Walsh et al.

2010), medial frontal h phase resetting correlating to face-

specific visual self-representations (Miyakoshi et al. 2010),

and greater induced h-ERS 700–800 ms post stimulus

during the memory encoding of trait judgements related to

self, compared to a significant other (Mu and Han 2010).

In the latter study (Mu and Han 2010), wavelet analyses

disentangled multiple time–frequency dynamics related to

self-processing. Greater Fm-h ERS significantly correlated

with a self-reference effect during memory retrieval, sug-

gesting that non-phase-locked cortical synchrony is

engaged during self-reflexive cognition, and that differing

oscillatory bandwidths are involved at discrete stages of

self-processing, whereby h-band specifically engages syn-

chronous binding properties enabling the integration of

cognitive and affective factions during self-related pro-

cessing. A related study found enhanced h-power emitted

across the entire scalp when participants were asked to

ruminate over an issue of self-related/personal meaning,

compared to nominal subject matter (Andersen et al. 2009).

We found a correlation between shifting ERS to ERD (or

declining ERS) during the 0–400 ms window and

decreased rumination post-MBCT. Furthermore, increased

ERS (corresponding to increased h-power) was also evi-

dent for FAs to self-related stimuli during the post-pro-

cessing phase of 400–800 ms. This pattern potentially

implies MBCT facilitated self-related task-processing

whilst simultaneously having a regulatory effect particu-

larly to salient errors/false-alarms, serving to disengage

prolonged maladaptive self-related processing. In line with

our earlier purported hypothesis; that increased synchrony

at later processing stages may represent a neural disen-

gagement mechanism; plausibly constitutes the proposed

regulatory system so that self-related processing remained

adaptive.

Monoamine synthesis and h-dynamics

From an overarching neurophysiological perspective,

neural h binding properties admissibly have an intrinsic

relationship with neurotransmission interplays. For

example, norepinephrine reuptake inhibitor antidepressant

medications have shown to increase induced h-synchro-

nisation of the septo-hippocampal system enacting a

mediatory role on various functions pertaining to this

limbic circuitry (Hajós et al. 2003), not replicated with

serotonin reuptake inhibitor pharmacology, suggesting

that the efficacy of both medications have differing

treatment pathways. We may extend that a viable thera-

peutic mechanism of MBCT targets the norepinephrine

system, whereby norepinephrine neurons arise from cell

bodies in the brain stem, the locus coeruleus, and project

to the frontal cortical and limbic structures, enacting key

regulatory roles on primary depressive symptoms (Morey

and Briley 2011). Furthermore, as glutaminergic neurons

activate the locus coeruleus, it is postulated that norad-

renergic deficits in MDD are epiphenomenal to chronic

elevated levels of glutaminergic input into the locus

coeruleus associated with norepinephrine depletion (Paul

and Skolnick 2003), contributing to the manifestation of

depressive symptomatology. Antidepressant pharmacol-

ogy reducing glutaminergic activity show mood stabilis-

ing effects in patients with depression (Krystal et al.

2002). Cortical glutamine concentrations also have a

functional relationship with neocortical h-activity, where

glutaminergic cells modulate h-oscillations and sub-

sequent coherent processing and plasticity across distrib-

uted neural networks during cognitive and behavioural

processing (Gallinat et al. 2006). A pertinent limitation of

this study is the lack of an active control to directly

measure neuroamine changes. Hence, we can only present

inferential conjectures regarding possible modulatory

effects of MBCT on underlying neurotransmission sys-

tems from Fm-h activity changes. Based on the inherent

functional interconnection between neurotransmission and

EEG oscillations, this hypothesis provides the impetus for

future investigations into multi-levelled treatment path-

ways of MBCT, which may impact psychopathologies

differently based on their distinct neuromodulatory sig-

natures. Further important limitations pertain to the lack

of a fully randomised procedure, and importantly, the

incomplete clinical and behavioural data, enforces us to

interpret the presented significant correlations with con-

siderable caution.

Summary

MBCT modulated synchrony and stability of underlying

cortical circuitry related to tonic non-phase-locked Fm-h
oscillations, inferring a non-linear multi-dimensional

action pathway. Specifically, enhanced Fm-h synchronisa-

tion during the latter 400–800 ms epoch plausibly suggests

MBCT facilitated a disengagement mechanism related to

cognitive and emotional processing, serving to functionally

recalibrate underlying neuronal assemblies towards optimal

readiness for new discrete processing devoid of interfer-

ence from previously processed, particularly negative,

material.
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Walsh E, Kühn S, Brass M, Wenke D, Haggard P (2010) EEG

activations during intentional inhibition of voluntary action: an

electrophysiological correlate of self-control? Neuropsychologia

48:619–626

Williams JMG, Duggan DS, Crane C, Fennell MJV (2006) Mindful-

ness-based cognitive therapy for prevention of recurrence of

suicidal behaviour. J Clin Psychol 62:201–210

Williams JMG, Alatiq Y, Crane C, Barnhofer T, Fennell MJV,

Duggan DS, Hepburn S, Goodwin GM (2008) Mindfulness-

based cognitive therapy (MBCT) in bipolar disorder: preliminary

evaluation of immediate effects on between-episode functioning.

J Affect Disord 107:275–279

388 Cogn Neurodyn (2014) 8:373–388

123


	Modulation of induced frontocentral theta (Fm- theta ) event-related (de-)synchronisation dynamics following mindfulness-based cognitive therapy in Major Depressive Disorder
	Abstract
	Introduction
	Hypotheses

	Methods
	Recruitment and sample
	Procedure
	Clinical scales
	Electrophysiological recording
	Event-related (de-)synchronisation (ERD/ERS) analysis
	Statistical analyses

	Results
	Behavioural data
	Baseline EEG
	Induced ERD/ERS (%)
	Valence

	Medication effects (valence)
	Self/trait versus object/abstract
	Evoked power (micro2)
	Valence
	Self/trait versus object/abstract
	Correlations: clinical data + theta activity


	Discussion
	Attention allocation shifting
	Neural disengagement mechanism
	Induced Fm- theta and emotion regulation
	Self-related processing
	Monoamine synthesis and theta -dynamics
	Summary

	Acknowledgments
	References


