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Abstract

Objectives A positive association between trait mindfulness and cognitive reappraisal has previously been found. Using
event-related potentials (ERPs), we investigated the impact of an 8-week MBSR course on early and late stages of emotion
regulation using mindfulness and reappraisal.

Methods Participants were allocated into an 8-week MBSR training group (n = 14 for task reports and self-reports; n=10
for ERPs) or a wait-list control group (n= 15 for task reports and self-reports; n=11 for ERPs). Pre and post the 8-week
training, participants completed an affective picture viewing task and were instructed to regulate their responses to negative
and neutral images using mindfulness, cognitive reappraisal and expressive suppression.

Results At post-test, only the training group showed significant improvements in self-reported trait mindfulness and trait
cognitive reappraisal, together with improvements in the self-reported ability to employ mindfulness and cognitive reap-
praisal during the task. The training group showed decreased 200-280 ms positivity across all three strategies at post-test.
The LPP did not change over time but overall showed more positive mean amplitudes to cognitive appraisal.

Conclusions These findings suggest that MBSR may adaptively modulate early attention deployment to emotional stimuli, but
modulations of later stages of emotion processing may require more extensive mindfulness training. In addition, conscious
employment of mindfulness may require less cognitive effort than cognitive reappraisal.

Keywords MBSR - Mindfulness - Cognitive reappraisal - Emotion regulation - ERP - Neuroscience

There is an ongoing debate about how to best define “emo-
tions” (Izard, 2010). One common model proposed by Gross
and Thompson (2007) defines emotions as the physiologi-
cal, behavioural and subjective responses elicited to goal
relevant stimuli. Emotion regulation is the management of
all aspects of an emotional response (Gross, 1998). Adap-
tive methods of emotion regulation can effectively modulate
the physiological responses to emotions and are linked with
healthy social interactions, occupational achievements and
general well-being (Aldao et al., 2009; Nelis et al., 2011a,
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b). In contrast, maladaptive strategies can exacerbate illness-
related physiological responses to emotions and are associ-
ated with conditions such as depression (Nelis, et al., 2011a,
b).

There are many theories of emotion regulation (Koole,
2009); the process model of emotion regulation (Gross
& John, 2003) is a prominent theory which suggests that
strategies which take effect early in emotional processing
before an emotional response has been fully activated are
called antecedent focused strategies. They are considered
more effective than later, response-focused, strategies as
they are able to modify both the subjective experience of
an emotion and the behavioural response (Gross, 2002;
Gross & John, 2003). The most widely researched ante-
cedent focused strategy is cognitive reappraisal which
has been found to effectively reduce negative emotions by
altering the meaning assigned to a stimulus through the
active reinterpretation of a negative emotional situation
into a positive one (Buhle et al., 2014; Goldin et al., 2008).
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Cognitive reappraisal has been found to be more effective
than expressive suppression (Goldin et al., 2008; Haga
et al., 2009), a response-focused strategy which is imple-
mented after an emotional response has been activated,
which aims to reduce negative affect through inhibiting
the behavioural emotional response (Gross & Thompson,
2007). Studies have found that expressive suppression can
increase negative emotions (Haga et al., 2009; Roberts
et al., 2008), possibly due to the discrepancy between the
experienced emotion and the behavioural response to that
emotion making the individual feel like they are acting in
a disingenuous way (Gross & John, 2003).

Over the last decade, mindfulness has gained attention
as a possible adaptive antecedent focused method of emo-
tion regulation (Goldin & Gross, 2010; Teper et al., 2013).
The well-being conducive effects of mindfulness-based
approaches, mindfulness-based stress reduction (MBSR;
Kabat-Zinn, 1990) and mindfulness-based cognitive therapy
(MBCT; Segal et al., 2002) are relatively well-documented
(e.g. Keng et al., 2011; Parsons et al., 2017). Debate remains
regarding the specific definition of mindfulness (Holzel
et al., 2011); self-regulation of attention and the adoption
of an accepting attitude towards experiences are considered
integral components of mindfulness in the context of secular
mindfulness-based approaches (Bishop et al., 2004). Mind-
fulness is thought to develop the ability to attend to the sen-
sory aspects of stimuli whilst disengaging from the initial
judgements and evaluations which are habitually assigned
during perceptual processing (Shapiro et al., 2006). Through
cultivation of a non-reactive, open and accepting attitude,
one is able to reduce habitual reacting to experiences. This in
turn frees up attentional resources to notice previously unat-
tended aspects of experience which can result in a new per-
spective on them (Bishop et al., 2004; Shapiro et al., 2006).

There is no consensus on whether mindfulness regulates
emotions via the recruitment of similar neural mechanisms
to cognitive reappraisal or whether it is a fundamentally
distinct strategy (Chiesa et al., 2013; Opialla et al., 2015).
The mindful coping model (Garland et al., 2009) suggests
that mindfulness and cognitive reappraisal have distinct but
complementary mechanisms for regulating emotions. Mind-
fulness training is thought to facilitate cognitive reappraisal
through developing a de-centred meta-cognitive awareness
which assists reappraisal processes through initiating a
disengagement from the initial automatic appraisal of the
emotional situation (Garland et al., 2011). Mindfulness may,
therefore, have an earlier impact on emotion processing than
cognitive reappraisal. Mindfulness is thought to impact on
emotion processing during the attention allocation stage of
an emotional response (Goldin & Gross, 2010); according
to the process model of emotion regulation, this is an ear-
lier stage than cognitive change, which cognitive reappraisal
aims to impact (Gross & John, 2003).
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There seems to be overlap in brain areas activated by cog-
nitive reappraisal and mindfulness. Both seem to regulate
emotions through the recruitment of brain regions involved
in top-down regulatory control, such as the medial prefrontal
cortex, to down-regulate activity in the amygdala, which is
involved in generating emotional responses (Goldin et al.,
2008; Taylor et al., 2011). However, mindfulness may acti-
vate different neural mechanisms to those of cognitive reap-
praisal (Chiesa et al., 2013), some studies reported increased
recruitment of bottom-up emotion regulation mechanisms
after mindfulness training where a reduction in amygdala
activity was associated with increased recruitment of brain
regions linked with sensory awareness (Gard et al., 2012;
Goldin & Gross, 2010).

Event-related potentials (ERPs) can provide an assess-
ment of the time course of an emotional response (Hajcak
et al., 2010). Specifically, two ERP components, an early
positivity in the 200-350 ms range and the late positive
potential (LPP), have been shown to distinctively reflect
the early and late stages of emotion processing (Dennis &
Chen, 2007; Hajcak & Olvet, 2008). The early positivity in
the 200-350 ms range, sometimes designated as the P200,
indexes the initial allocation of attention resources during
early stages of stimulus processing including stimulus dis-
crimination, response selection and selective attention (Lutz
et al., 2009; Mercado et al., 2009; Reva et al., 2014).

A study investigating the impact of cognitive reappraisal
on early emotion processing found that whilst a more posi-
tive P200 was elicited when cognitive reappraisal was imple-
mented to enhance a negative emotional response, no P200
modulation was observed when the instructions were to
reduce the negative response (Wu et al., 2013). This sug-
gests that the adaptive regulatory effects of cognitive reap-
praisal may only have an impact on later evaluative stages
of emotional processing. Supporting this interpretation,
Krompinger et al. (2008) also found that whilst the emo-
tional content of stimuli had an impact between 225 and
325 ms after stimulus presentation, the regulatory effects of
cognitive reappraisal did not have an impact until 325 ms.
To date, the impact of MBSR on early emotion processing
has not been studied using ERPs. Given that mindfulness is
thought to foster a disengagement from the automatic reac-
tivity to all stimuli through facilitating the ability to pay
attention to stimuli in a de-centred, open and accepting way
(Shapiro et al., 2006), an attenuation of the early positivity
could occur reflecting an increased ability to disengage from
automatically reacting to stimuli during the earlier stages of
an emotional response.

In contrast, the LPP ERP component indexes conscious
emotion regulation of the later emotional response (Hajcak
et al., 2010; Moser et al., 2009). This slow wave positiv-
ity starts approximately 300 ms after stimulus presentation
and continues for several 1000 ms; it is maximal at central/
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parietal electrodes (Hajcak & Olvet, 2008; Moser et al.,
2010). The LPP is a measure of sustained attention towards
stimuli of an emotional and arousing nature—a more posi-
tive LPP is elicited for emotional and highly arousing stimuli
compared with neutral stimuli (Hajcak et al., 2010; Schupp
et al., 2000). Hajcak and Nieuwenhuis (2006) found that the
LPP elicited for unpleasant stimuli was attenuated when cog-
nitive reappraisal was implemented compared to when emo-
tions were unregulated; this was found in conjunction with a
reduction in self-reported experience of negative emotions.
Zhang et al. (2019b) found an attenuation of the LPP for
emotional stimuli after a brief breath focused mindfulness
meditation in comparison to passive viewing. In addition,
high dispositional mindfulness has been associated with
less positive LPPs to highly arousing negative and positive
stimuli (Brown et al., 2013).

The current study investigated the impact of an MBSR
course on the ability to regulate early and late emotional
responses to negative images during an affective picture
viewing task using three emotion regulation strategies:
cognitive reappraisal, mindfulness and expressive suppres-
sion. MBSR was expected to facilitate the ability to regulate
emotions using mindfulness and cognitive reappraisal given
the documented overlap in top-down regulation pathways
involved for both strategies (Modinos et al., 2010; Opialla
et al., 2015) and correlational evidence on their positive
relationship (Garland et al., 2011). Hence, an increase in
self-reported scores of cognitive reappraisal and mindfulness
compared with wait-list controls at post-test was expected.
We predicted that mindfulness would impact both early and
late stages of emotion processing resulting in an attenuation
of both the early positivity in the 200-350 range and the
LPP. We predicted that the effects of mindfulness on the
early positivity might reflect a change in attentional deploy-
ment resulting from disengagement from the initial auto-
matic appraisals, and thus be non-specific to the valence of
stimuli. We expected decreased LPP amplitudes to negative
stimuli in comparison to neutral stimuli which could reflect
targeted conscious deployment of mindfulness as an emotion
regulation strategy to reduce negative emotional responses.
In contrast, for cognitive reappraisal, a reduction in the emo-
tional reactions to negative images was expected only during
the later stages of emotion processing, resulting in an attenu-
ation of the LPP for negative stimuli. It was also predicted
that the LPP elicited during the mindfulness condition would
be less positive compared with cognitive reappraisal given
that it may take effect earlier in emotion processing, and
strategies which take effect earlier in emotion processing
are associated with less cognitive effort (Sheppes & Gross,
2011). For wait-list controls, no modulations of the early
positivity and LPP for the three emotion regulation strategies
were expected over time. Finally, we predicted that the most
positive LPP would be for expressive suppression given that

this strategy is ineffective at reducing physiological arousal
to negative stimuli (Goldin et al., 2008; Gross & John, 2003)
and no LPP modulations were found during expressive sup-
pression previously (Murata et al., 2013).

Method
Participants

Thirty-five participants were recruited from the local com-
munity through advertisements. All participants had normal
or corrected to normal vision and reported having no pre-
vious mindfulness experience and no recent psychiatric or
neurological problems. The participants were assigned to
either an MBSR training group or a wait-list control group
based on their availability; twenty participants were assigned
to an MBSR training group (13 women, M =25.5 years,
19-36 years). Data from six participants in the training
group was excluded from the analysis due to incomple-
tion of the MBSR course. The remaining 14 participants
in the MBSR training group (nine women, M =27.3 years,
21-36 years), except for one man, were right-handed accord-
ing to the Edinburgh Handedness Inventory (Oldfield, 1971).
Fifteen participants were assigned to the control group (nine
women, M =24.1 years, 19-36 years), all were right-handed.
For the 29 participants included in questionnaire analysis,
2 X2 chi-square and independent #-tests did not reveal any
significant differences in handedness, gender or age (all
ps>0.05). Due to excessive artefacts in the EEG recording,
data from four training group and four control group par-
ticipants was excluded from the ERP analysis, and after this
exclusion, there were still no significant differences in age,
handedness or gender between groups (p > 0.05). Bangor
University Ethics Committee approved the study prior to
its start and all participants gave informed consent before
participating. In recompense for participation in the study,
training group participants received a free §-week MBSR
course and control group participants received either a 2-day
intensive introduction to MBSR or a payment of £30.

Procedures

The study followed a non-randomised pre-post design with a
control group. The training group received an MBSR course
delivered by an MBSR trained counselling psychologist who
had previously taught 30 mindfulness courses over a 6-year
period. The course consisted of eight weekly 2.5-h group
sessions and formal and informal individual home practice.
For the formal practice, participants were asked to complete
45 min of guided meditations a day following meditation
CDs. The informal practice involved applying the mindful-
ness principles whilst performing activities of daily living
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such as walking and showering. The control group received a
2-day intensive MBSR course after completion of the study.

Participants were tested before and after the 8 weeks of
MBSR, and the control group was tested during the same
time periods. At the beginning of the first testing session,
participants provided written informed consent. The remain-
ing procedures were identical for all sessions. Participants
first completed self-report measures; following this, the par-
ticipants washed their hair and were seated in a comfortable
chair 1 m from the computer screen. A 64-channel electro
cap was fitted and participants were verbally instructed to
reduce movement artefacts by remaining still and focusing
on the computer screen during the recording.

For the affective picture viewing task, a total of 105 nega-
tive images (M valence=3.13, M arousal =5.52) and 105
neutral images (M valence=5.12, M arousal =3.30) from the
International Affective Picture System (IAPS; Lang et al.,
2008) were selected. The IAPS images consisted of colour
photographs of people, animals and natural landscapes. Neg-
ative and neutral images were rated as significantly different
from each other in valence and arousal (p <0.001). The neg-
ative images were significantly less arousing than the highly
arousing images category of images used in the Brown et al.
(2013) study (p <0.05) as we chose images which we felt
were more applicable to everyday experiences. The negative
and neutral images were randomly distributed across three
experimental blocks, 70 images (35 negative, 35 neutral)
were presented in each block and images were not repeated
to prevent habituation effects. The number of animals, peo-
ple and natural scenes was evenly distributed across the three
blocks and randomised within the blocks to reduce order
effects. Independent #-tests revealed no significant difference
for valence and arousal between the three blocks (p > 0.05).
Each block lasted 6 min with a 5-min gap between blocks.
The order of the three blocks was randomised and counter-
balanced across participants and conditions.

In the affective picture viewing task, three experimental
blocks were presented, and for each block, participants were
instructed to employ one of the three emotion regulation
strategies—mindfulness, cognitive reappraisal or expressive
suppression—to regulate their emotional responses. Expres-
sive suppression, a response focused strategy, was included
as a maladaptive emotion regulation strategy condition to
compare with mindfulness and reappraisal as adaptive strate-
gies. The instructions for the strategies were as follows: in
the mindfulness condition, participants were told to attend
to the images or their experiences without analysis or judge-
ment; cognitive reappraisal involved participants reinterpret-
ing the images or the experiences to feel better; and expres-
sive suppression involved suppression of the expression of
an emotional response. In each experimental trial, a fixation
cross appeared on the screen for 300 ms first, followed by a
gap of 200 ms, after which an image appeared on the screen
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for 1000 ms. After the image was presented, there was a gap
of 3000 ms to allow participants to employ the instructed
emotion regulation strategy. During this gap, a reminder
appeared on the screen that said either “suppress”, “reap-
praise” or “be mindful” to remind the participant to use the
correct strategy. Only one emotion regulation strategy was
employed in each of the three blocks. The order in which
emotion regulation strategies were employed was counter-
balanced across participants to control for possible order and
item-specific effects.

A manipulation check in the form of a self-report was
administered after each block to record whether participants
were employing the emotion regulation strategies correctly.
Participants were asked to rate how well they thought they
employed each strategy on a 7-point Likert scale ranging
from 1 (not very well) to 7 (very well). They were also
asked to describe how each strategy was employed. After
completion of both testing sessions, participants were fully
debriefed.

Measures

The Emotion Regulation Questionnaire (ERQ; Gross &
John, 2003) measured habitual use of cognitive reappraisal
and expressive suppression. This questionnaire consists of
10 items, six items measure cognitive reappraisal and four
items measure expressive suppression assessed on a 7-point
Likert scale ranging from 1 (strongly disagree) to 7 (strongly
agree). This ERQ has acceptable internal reliability for reap-
praisal (a=0.79) and suppression (¢ =0.73) in adults (Gross
& John, 2003).

The Five Facets of Mindfulness Questionnaire (FFMQ);
Baer et al., 2006) measures self-reported mindfulness and
consists of 39 items; eight items for each of for observing,
describing, acting with awareness and nonjudging of inner
experience facets, and seven items for nonreactivity to inner
experience. The items are evaluated on a 5-point Likert scale
ranging from 1 (never or very rarely true) to 5 (very often
or always true). This self-report measure has been success-
fully used to assess changes in mindfulness over an 8-week
MBSR course with healthy adults (Robins et al., 2012) and
has acceptable a ranging from 0.72 to 0.92 (Baer et al.,
2008).

Data Analyses

The EEG signal was recorded at a rate of 1 kHz using Neu-
roscan SynAmps 1 amplifiers from 64 Ag/AgCl electrodes
referenced to Cz and placed according to the international
10-20 system. Two electrodes were placed above and below
the left eye to record eye movements and all electrode
impedances were kept below 7 kQ. During data acquisition,
the EEG signal was bandpass filtered online between 0.01
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and 200 Hz. Movement artefacts were removed manually
during visual inspection of the recording and then the signal
was digitally filtered offline using a 30 Hz low pass zero
phase shift filter with a 48-dB/Oct slope. An ocular artefact
correction algorithm was applied to regress out eye blinks,
followed by epoching of the EEG data into 1.1 s sections
starting 100 ms prior to stimulus onset and ending 1000 ms
after. ERPs were time-locked to the onset of the images.
Pre-stimulus activity was used for baseline correction to
the stimulus epochs which were subsequently averaged for
each of the three conditions and each participant, then re-
referenced to the global field power reference. Finally, grand
averages for each condition and group at pre-test and post-
test were generated.

Results

Changes in Self-reports of Mindfulness
and Cognitive Reappraisal After MBSR

The results from the FFMQ and ERQ were analysed for all
participants (training group n= 14, control group n=15),
see Table 1. Eta-squared (172) was calculated as an estimate
of effect size and follow-up two-tailed paired samples z-tests
were conducted on significant interactions with Cohens d
providing a measure of effect size. At post-testing, missing

data was found in the FFMQ for two participants and in the
task self-report for one participant. Little’s test revealed that
the data was missing at random (all ps> 0.05) and missing
values were calculated using the expectation maximisation
algorithm. No extreme outliers (> 3 X interquartile range)
were found in the data; however, moderate outliers were
identified (> 1.5 X interquartile range), statistical analysis
was run with inclusion and exclusion of outliers and when
results did not significantly change outliers were kept in the
data set to add power to the small sample size. When outli-
ers did produce a marginal effect, results were reported with
and without outliers.

Reliability of the FFMQ was acceptable (alpha coeffi-
cients range from 0.84 to 0.93). At pre-test, independent
sample ¢-tests revealed that the control group had signifi-
cantly higher scores on the acting with awareness subscale
compared with the training group (#(27) = —2.87, p=0.008,
d= —1.06); no significant group differences were found for
the other FFMQ subscales (all ps> 0.05). A 2 (group, train-
ing, control) X 2 (time, pre-test, post-test) mixed factorial
analysis of variance (ANOVA) was conducted on the total
FFMQ scores and on each subscale. Significant main effects
of time were found for total FFMQ scores (F(1, 27)=6.79,
p=0.015, »>=0.14) and the subscale of observing (F(1,
27)=9.33, p=0.005, »>=0.18), scores significantly
increased over time. For nonreactivity to inner experience, a
significant main effect of time revealed that scores decreased

Table 1 A summary of the

o Pre-test Post-test

means and standard deviations

for the total FFMQ scores, Group M SD M SD

FFMQ subscales and ERQ

subscales at pre-test and post- Training group Total FEFMQ 117.07 1842  134.12% 15.75

test for the training and control (n=14) FFMQ subscales

groups Observing 25.43 621  30.45%* 5.41
Describing 25.64 5.02 28.22 4.76
Acting with awareness ~ 20.57 5.85 24.33% 4.90
Nonjudging 25.57 6.51 28.57 6.88
Nonreactivity 19.86 4.99 22.54 3.77
ERQ subscales
Cognitive reappraisal 28.79 4.15 32.21% 4.25
Expressive suppression  15.93 5.77 13.64 4.24

Control group Total FFMQ 125.47 1247 12253 16.80
(n=15) FFMQ subscales

Observing 24.60 553 23.93 7.06
Describing 25.87 5.83 25.07 7.46
Acting with awareness ~ 26.53 5.34 23.93* 5.93
Nonjudging 27.47 6.31 28.00 7.98
Non-reacting 21.00 3.36 21.60 3.14
ERQ subscales
Cognitive reappraisal 29.20 5.49 28.27 4.82
Expressive suppression  15.67 4.78 15.00 3.53

* Significant p <.05, ** significant p <.001
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over time (F(1,27)=7.49, p=0.011, 172 =0.20). No signifi-
cant main effect of group was found for total FFMQ or any
other subscales FFMQ subscales (all ps > 0.05). Significant
group X time interactions were found for total FFMQ scores
(F(1, 27)=13.61, p=0.001, 7*=0.29) and the two sub-
scales of observing (F(1,27)=15.91, p<0.001, 172 =0.30),
and acting with awareness (F(1, 27)=23.71, p<0.001,
n*=0.46). As expected, total FEMQ scores significantly
increased for the training group after the MBSR course
(#(13)=—3.50, p=0.004, d= —0.93) along with scores for
observing (t(13)= —4.79, p<0.001, d= —1.28), and act-
ing with awareness (#(13)= —3.61, p=0.003, d= —0.96).
For the control group, no significant changes in total FFMQ
scores (#(14)=1.13, p=0.28, d=0.29) or scores for observ-
ing were found over time (#(14)=0.69, p=0.50, d=0.18).
Control group scores for acting with awareness significantly
decreased over time (#(14) =3.24, p=0.006, d=0.84), see
supplementary materials.

Internal reliability for the cognitive reappraisal (¢ =0.74)
and expressive suppression subscales (a=0.82) of the ERQ
was acceptable. Independent sample t-tests revealed no sig-
nificant group differences for scores of cognitive reappraisal
and suppression at pre-test (all ps>0.05). A 2 (time, pre-
test, post-test) X 2 (group, training, control) mixed factorial
ANOVAs were conducted on each subscale. No significant
main effects of group or time were found (all ps> 0.05).
However, a significant time X group interaction was found for
cognitive reappraisal (F(1,27)=6.74, p=0.015, =0.19).
Scores significantly increased for the training group after
MBSR training (#(13)= —2.95, p=0.011, d= —0.79); for
the control group, no significant differences were found
over time (#(14)=0.77, p=0.45, d=0.20). No significant
time X group interaction was found for expressive suppres-
sion over time (all ps> 0.05), see supplementary materials.
The distribution for the cognitive reappraisal subscale at
post-test was slightly skewed, a Wilcoxon signed ranks test
was conducted on the longitudinal data and the results con-
firmed the parametric analysis. Also, after removal of an
outlier, the time X group interaction for cognitive reappraisal
became marginal (F(1, 25)=35.57, p=0.056, ;72 =0.13);
however, follow-up -tests confirmed the finding that cogni-
tive reappraisal scores increased for the training group over
time (#(11)= —2.93, p=0.043, d=0.66).

A self-report form was administered during the task
to check whether the strategies were employed correctly.
The ratings from this self-report measure were not nor-
mally distributed and were therefore analysed using non-
parametric tests. A Kruskal-Wallis test was performed on
pre-test to see whether there were initial group differences.
There was a significant group difference on cognitive reap-
praisal (*(1)=7.18, p=0.007) with the control group hav-
ing an initially higher reported ability to employ cognitive
reappraisal. No significant pre-test differences were found
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between groups for the other strategies (all ps > 0.05). Wil-
coxon signed ranks tests were performed on the data to see
how participant’s use of the strategies changed over time.
For the training group, there was a significant improvement
in the ability to employ mindfulness (Z= —2.83, p=0.005,
r= —0.53) and cognitive reappraisal (Z= —2.03, p=0.042,
r=0.38) over time. The ability to employ suppression did
not improve over time. For the control group, there was no
significant improvement in the ability to employ any of the
emotion regulation strategies (all ps> 0.05). After removal
of an outlier, the control group showed a significant decrease
in cognitive reappraisal (Z= —2.42, p=0.015, r= —0.46),
see supplementary materials.

It revealed that four training group participants and eight
control group participants included in the ERP analysis
did not correctly employ expressive suppression at either
pre-test or post-test). Examples of the descriptions of how
expressive suppression was implemented included treating
the picture as an object, thinking the picture is not real or
staged, the use of distraction by thinking of a song, relating
the image to similar experiences and clearing the mind. The
employment of the mindfulness and reappraisal strategies
seemed to match the instruction provided. Examples of how
cognitive reappraisal was implemented included changing
the context of the picture so it was more positive such as
thinking it was not real or finding ways to make the picture
happier, such as seeing a sad man and thinking of giving
him a hug. Examples of the descriptions given when imple-
menting mindfulness included tuning into bodily sensations,
experiencing emotion without analysing it or experiencing
the emotion and then letting it go.

Changes in 200-280 ms Positivity After MBSR

The ERP analysis was conducted for 21 participants (train-
ing group n =10, control group n=11). Due to a high level
of artefacts on electrode PO4 for one participant at pre-
test, this electrode was taken out of the analysis for this
participant and replaced with values calculated using the
expectation maximisation algorithm. Greenhouse—Geisser
correction was applied when the assumption of sphericity
was violated in the data analyses. The 5? was calculated as
an estimate of effect size, and significant main effects were
followed up with pairwise comparisons. Two-tailed paired
sample ¢-tests were conducted on significant interactions
with Cohens d providing a measure of effect size.

The grand mean global field power over the scalp was
used to define the time interval for the mean amplitudes of
the early positive component where the peaks were maxi-
mal; the time window was between 200 and 280 ms. The
signal was maximal at the PO4 and a cluster of parietal elec-
trodes with maximum signal—P1, P3, P4 and PO4—were
selected for analysis based on visual inspection of the peak
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waveforms. The early positivity component was classified
as the mean amplitude between 200 and 280 ms averaged
across these electrodes.

Baseline differences for the 200-280 ms amplitude were
explored in a 2 (group, training, control) X 2 (valence, nega-
tive, neutral) X 3 (condition, mindfulness, reappraisal, sup-
pression) mixed factorial ANOVA. No significant main
effects of valence, condition or group were found (all
ps>0.05). There was a significant valence X condition inter-
action (F(2, 38)=4.78, p=0.014, 172=0.04). For cognitive
reappraisal, negative stimuli elicited a significantly more
positive 200-280 ms component compared with neutral
stimuli at baseline (#(20)=3.09, p=0.006, d=0.67). No
other significant interactions were found (all ps> 0.05).

Longitudinal effects were investigated by conducting
a 2 (group) X 2 (time) X 2 (valence) X 3 (condition) mixed
factorial ANOVA. No main effects of time, valence, con-
dition or group were significant (all ps > 0.05). However,
there was a significant time X group interaction (F(I,
19)=8.92, p=0.008, I72 =0.0.18); for the training group,
the 200-280 ms component mean amplitude became sig-
nificantly less positive over time across negative and neu-
tral stimuli for the mindfulness, cognitive reappraisal and
expressive suppression conditions (#(9) =2.97, p=0.015,
d=0.95). No significant change in 200280 ms component
mean amplitude was observed for the control group over

Q
T

time (#(10)= —1.51, p=0.16, d= —0.45) (see Figs. 1 and
2).

Differences in LPP Between Cognitive Reappraisal
and Mindfulness

The LPP was maximal in the interval between 340 and
700 ms and parietal electrodes CPZ, P2 and PZ were
selected for analysis based on visual inspection of the peak
grand average ERP waveforms; the LPP was maximal at
electrode P2. Greenhouse—Geisser correction was applied
when the assumption of sphericity was violated. The LPP
was classified as the mean amplitude between 340 and
700 ms averaged across these electrodes.

To check for pre-existing differences between groups
and to assess whether neutral and negative stimuli
together with the three emotion regulation conditions pro-
duced the expected differences, a 2 (valence, neutral, neg-
ative) X 3 (condition, mindfulness; cognitive reappraisal,
suppression) X 2 (group, training, control) was conducted
on pre-test data. There was a significant main effect of
valence (F(1, 19)=20.11, p<0.001, 5>=0.14), with
negative images eliciting a significantly more positive
LPP then neutral images. There was a significant main
effect of condition (F(2, 38)=3.46, p=0.042, 172 =0.09);
pairwise comparisons revealed that the LPP elicited for
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Fig.1 The 200-280 ms component mean amplitude elicited for neg-
atively valenced stimuli at maximal electrode PO4 for the mindful-
ness training group (n=9 due to missing data on this electrode for
one participant) at (a) pre-training and (c) post-training; and con-

trol group (n=11) at (d) pre-training and (e) post-training. ¢ shows
a graph with the difference between pre and post amplitude for each
condition and f shows the legend for the ERP graphs
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Fig.2 The 200-280 ms component mean amplitude (200-280 ms)
elicited for neutrally valenced stimuli at electrode PO4 for the mind-
fulness training group (n=9 due to missing data on this electrode for
one participant) at (a) pre-training and (b) post-training; and con-

cognitive reappraisal was more positive then the LPP
elicited for suppression (p =0.023). No significant group
differences were found (p > 0.05). No other main effects
or interactions were significant (all ps > 0.05).

To assess longitudinal effects, a 2 (group) X 2 (time) X 2
(valence) X 3 (condition) mixed factorial ANOVAs were
conducted. There was a significant main effect of valence
(F(1,19)=38.85, p<0.001, 172 =0.08); the LPP was more
positive for negative stimuli. There was a significant main
effect of condition (F(2,38)=8.29, p=0.001, 5>=0.08.)
and pairwise comparisons revealed that cognitive reap-
praisal was more positive then mindfulness (p =0.011)
and suppression (p =0.001), but no difference between
mindfulness and suppression was observed. There was
also a significant valence X condition X group interaction
(F(2,38)=3.51, p=0.04, n>=0.01); for both groups,
there was a higher LPP for negative stimuli in the mind-
fulness and suppression condition; for the training group,
there was no significant difference between mindfulness
and cognitive reappraisal (p =0.255). There were no other
significant main effects of time or group and no signifi-
cant interactions (all ps > 0.05) (see Fig. 3 and 4).
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trol group (n=11) at (d) pre-training and (e) post-training. ¢ shows
a graph with the difference between pre and post amplitude for each
condition and f shows the legend for the ERP graphs

Discussion

The aim of this study was to further the understanding
of how 8 weeks of MBSR training modulates the neu-
rocognitive mechanisms underlying the emotion regula-
tion strategies of mindfulness, cognitive reappraisal and
expressive suppression. The focus was on the 200-280 ms
positivity and LPP component to assess the impact of
these strategies on the early and late stages of emotion
processing. The self-report findings showed improve-
ments in trait mindfulness for the training group after
the mindfulness training together with improvements
in the habitual use of cognitive reappraisal. A signifi-
cant improvement in the training group’s self-reported
ability to employ both mindfulness and cognitive reap-
praisal during the emotion regulation task was also found
after the MBSR training. As expected, no changes in the
habitual use of expressive suppression or the self-reported
ability to use expressive suppression during the task were
found in the training group. For the control group, no
changes in self-reports of mindfulness, cognitive reap-
praisal or expressive suppression were observed except
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for the mindfulness facet of acting with awareness which
was found to decrease over time.

With regard to modulations of the 200-280 ms compo-
nent, an attenuation was observed for the training group after
the MBSR course and this was found for both negative and
neutral stimuli, whilst the 200-280 ms component mean
amplitude for the control group did not change over time.
This 200-280 ms component attenuation was found across
all three emotion regulation strategies after MBSR training
and not solely during the implementation of the mindfulness
strategy. Finally, the LPP findings revealed that for negative
and neutral stimuli, the amplitude elicited for cognitive reap-
praisal was significantly more positive than the LPP elicited
during the mindfulness and expressive suppression condi-
tions; however, no group differences in the amplitude of the
LPP were observed at the baseline or across time.

The self-report findings indicate that mindfulness train-
ing improves both state mindfulness, which is the ability to
attend to stimuli in a mindful way at a specific time point
(Brown & Ryan, 2003) (as reflected by the self-report find-
ings on how the strategies were applied in the experimental
task) and trait mindfulness, a stable dispositional level of
mindfulness which is present in daily life (Tang et al., 2015)
(based on the FFMQ questionnaire). Similar self-reported
improvements in state and trait cognitive reappraisal were
also found after mindfulness training in our study. These
findings are consistent with the assertions of the mindful
coping model which suggests that mindfulness training
improves the ability to implement cognitive reappraisal
(Garland et al., 2009). Mindfulness training is thought to
foster a perspective that emotions are brief passing states
which can be accepted and then let go of. This may facili-
tate the disengagement from habitual appraisals and negative
rumination and facilitate new appraisals of the experience
(Garland et al., 2015).

Importantly, the attenuation of the 200-280 ms compo-
nent for negative stimuli suggests that 8 weeks of MBSR
training can impact upon the early stages of emotion pro-
cessing and reduce the biased processing of negative stim-
uli. These ERP results support findings from behavioural
studies which have found that a brief state of mindfulness
can decrease the negativity bias (Kiken & Shook, 2011)
and 7 weeks of mindfulness training can improve the abil-
ity to inhibit the interference from emotional stimuli during
cognitive processing (Ortner et al., 2007). An attenuation
of the 200-280 ms component was also found for neutral
stimuli after MBSR training. Positive components arising
in the same time-range may reflect the initial automatic
stages of attention resource allocation during early percep-
tual processing (Huang & Luo, 2006; Stewart et al., 2010).
MBSR training may therefore improve attention deploy-
ment efficiency and reduce the automatic mobilisation of
attention resources towards all stimuli, possibly as the result
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of a reduction in the attention directed towards cognitive
evaluative processes. This explanation is in line with pre-
vious findings that the P200 is less positive during breath
focused episodes compared with mind wandering (a state
where attention is directed towards thoughts and cognitive
elaborations) (Braboszcz & Delorme, 2011). The increased
ability to attend to all stimuli in an open and non-elaborative
way may make mindfulness a particularly effective emotion
regulation strategy as it can act early in emotion processing
and reduce the initial reactivity to emotional stimuli through
changing the way stimuli are perceptually processed.

The finding that the 200-280 ms component attenuation
was observed across all three emotion regulation strategies
after MBSR training was unexpected and seemingly at odds
with previous research which has found that cognitive reap-
praisal and expressive suppression take effect during later
stages of emotion processing. Whilst cognitive reappraisal
is an antecedent-focused strategy, its impact on emotion
processing does not take effect until after the time window
of the 200-280 ms component (Krompinger et al., 2008;
Paul et al., 2013), with one study documenting the effects
of cognitive reappraisal only 700 ms after stimulus onset
(Paul et al., 2013). The self-report results from the task also
suggested that participants were implementing cognitive
reappraisal successfully during the task. One possibility
is that the consistent decreases in 200-280 ms component
amplitudes across conditions resulted from a trait change
in the way stimuli were initially attended to after mindful-
ness training which generalised across the implementation
of all emotion regulation strategies. This may influence the
subjective conscious perception of implementing adaptive
cognitive emotion regulation at later stages reflected in our
study in the self-reported improvements in cognitive reap-
praisal observed after the mindfulness training.

The attenuation of the early positivity between 200 and
280 ms for expressive suppression would seem inconsistent
with literature which suggests that suppression is a response
focused strategy affecting the later stages of emotion pro-
cessing (Gross & John, 2003). The self-report data revealed
that some participants used distraction rather than expressive
suppression during the suppression condition in the task.
Distraction is an antecedent focused strategy which has an
impact during the early stages of an emotional response
(Paul et al., 2013). In addition, no self-reported improve-
ments in expressive suppression were observed after mind-
fulness training in our study. It is, therefore, unlikely that the
200-280 ms component modulation we observed was due to
the implementation of expressive suppression.

It was also hypothesised that an attenuation of the LPP
would be observed after MBSR training for both cogni-
tive reappraisal and mindfulness compared with expres-
sive suppression; and of particular interest were possible
differences between these two strategies. The LPP is a
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measure of physiological arousal (Hajcak et al., 2010) and
has been found to provide a sensitive marker of the impact
of all three emotion regulation strategies on emotion pro-
cessing (Eddy et al., 2015; Hajcak & Nieuwenhuis, 2006;
Murata et al., 2013). However, previous studies did not
directly compare the impact of these three strategies on the
LPP amplitude. A more positive LPP was elicited for cog-
nitive reappraisal compared with the mindfulness strategy
for both negative and neutral stimuli; mindfulness seems
therefore to reduce the physiological arousal to emotions
more successfully than cognitive reappraisal. Whilst both
strategies have been found to effectively reduce the experi-
ence of negative affect after a mood induction task, cognitive
reappraisal was associated with higher cognitive costs, as
indexed by an increase in interference effects on a Stroop
task (Keng et al., 2013, 2017). These differences in cogni-
tive costs could occur because cognitive reappraisal involves
elaborating upon negative experiences in order to change
them into positive experiences (Chambers et al., 2009; Farb
et al., 2012). Mindfulness, on the other hand, involves guid-
ing attention towards experiences in the present moment,
including unpleasant ones, and disengaging from cognitive
elaborations which can take the focus of attention away from
the present moment (Farb et al., 2012). The LPP finding is
in line with suggestions that mindfulness might be a more
adaptive emotion regulation strategy than cognitive reap-
praisal in some circumstances (Chambers et al., 2009; Farb
et al., 2012).

The difference between the LPP elicited for cognitive
reappraisal and mindfulness for negative stimuli was, how-
ever, observed for both groups and contrary to expectations
the MBSR training did not have a modulatory effect on
the amplitude of the LPP. Previously, a negative correla-
tion between the scores of acting with awareness and the
amplitude of the LPP has been found when studying the
impact of dispositional mindfulness on the amplitude of
the LPP (Brown et al., 2013) and meditators with at least
5 years of experience were found to elicit an attenuated
LPP for negative stimuli compared with non-meditators
(Sobolewski et al., 2011). In contrast, no modulation of the
LPP to negative images was found after a brief induction of
mindfulness (Eddy et al., 2015). The lack of compatibility
in the results could be due to differences in the emotional
pictures used—this current study was interested in study-
ing how MBSR training modulates the response to natural-
istic emotional images, and therefore, images of relatively
low emotional arousal were used. Brown et al. (2013) used
stimuli which were of a significantly more highly arousing
nature. Therefore, it is possible that the more controlled
modulation reflected by the LPP is needed only for strongly
arousing stimuli and more naturalistic modulation of eve-
ryday unpleasant experiences occurs via earlier bottom-up
processes as reflected by the 200-280 ms component shift in

our study. In addition, previous studies which have found an
effect of mindfulness on the LPP have either used individu-
als with high levels of dispositional mindfulness or expe-
rienced Buddhist meditators with at least 5 years of expe-
rience (Brown et al., 2013; Sobolewski et al., 2011). The
participants in these studies would have had more developed
meditation skills and so would have been able to regulate
negative emotions in a different, and presumably more effec-
tive, way compared with the participants in the current study
could after 8 weeks of mindfulness training. It is possible
that this component is not a sensitive enough measure to
reflect differences in emotion regulation after shorter mind-
fulness training and with more naturalistic, rather than more
extreme emotional stimuli.

The LPP elicited for expressive suppression was less posi-
tive compared to cognitive reappraisal and no amplitude dif-
ferences were observed between expressive suppression and
mindfulness. An attenuation of the LPP has previously been
found when participants were instructed to prepare to sup-
press the intensity of their emotional responses prior to stim-
ulus onset (Moser et al., 2006), but these findings were dif-
ferent to our instructions which were more response focused
and involved suppressing the expression of the emotional
response. This therefore suggests that the way the instruc-
tions were interpreted could have impacted on the LPP find-
ings. Findings from the manipulation check suggest that
when instructed to employ expressive suppression, a con-
siderable number of participants actually employed a range
of other emotion regulation strategies, mostly distraction.
Whilst both distraction and cognitive reappraisal have been
found to modulate the LPP, distraction takes effect earlier in
emotion processing than cognitive reappraisal (Paul et al.,
2013; Sheppes & Gross, 2011), and has been associated with
less cognitive effort than cognitive reappraisal (Sheppes
et al., 2009). Whilst in the long term, distraction may not be
an effective strategy for regulating emotions (Thiruchselvam
et al., 2011); in the short term, it could effectively reduce
the physiological arousal to emotions (Kanske et al., 2010;
Sheppes & Gross, 2011).

We chose to use a block design for our emotion regulation
task to increase the likelihood that participants were cor-
rectly implementing the emotion regulation strategies rather
than combining multiple emotion regulation strategies or
having difficulties in switching between different strategies
(and the ERPs reflecting the switch cost) (Krompinger et al.,
2008; Thiruchselvam et al., 2011; Zhang et al., 2019a). How-
ever, it is possible that this task design could have contrib-
uted to the higher LPP amplitudes for cognitive reappraisal
in comparison to the other conditions. The cognitive reap-
praisal instructions may have increased cognitive demand as
they required participants to attend to each image, evaluate it
and then reinterpret it. In comparison, for the other two strat-
egies, participants could have applied the same regulation
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approach regardless of the image content. This might have
amplified the cognitive demand differences across the strate-
gies in comparison to studies (Moser et al., 2009; Paul et al.,
2013; Schonfelder et al., 2014) where the strategy instruc-
tions were randomised throughout the task.

Limitations and Future Directions

One of the limitations of the current study was that the
attendance on the MBSR course and the number of hours
of independent meditation practice carried out were much
lower for the training group than expected. Most of the par-
ticipants were students and therefore some missed training
sessions either because they clashed with semester breaks
or with course deadlines. Also, due to the low level of return
on the time spent in practice self-report, the hours of medita-
tion practice could not be analysed. It is for future studies
to examine whether the amount of time spent in meditation
practice has an effect on the electrophysiological correlates
of emotion regulation. In addition, the sample size in our
study was smaller than intended; this was partly due to arte-
facts in the EEG signal and partly due to non-completion of
mindfulness training.

With regard to the experimental task, future studies
could include an attend to images condition to control for
trait baseline differences in habitual use of emotion regula-
tion strategies in participants, and also explore interactions
between these strategies and the effects of mindfulness train-
ing. This would require a larger participant sample due to
variability of strategies participants may habitually employ.

This study evaluated changes in the time-course of emo-
tion regulation after MBSR training using event-related
potential indexes of early and late emotion processing
recorded during employment of mindfulness, cognitive reap-
praisal and expressive suppression. Surprisingly, we have
found evidence of early modulation of emotional responses
during all three emotion regulation strategies. This suggests
that MBSR training possibly resulted in the development of
a trait-like adaptive modulation of early bottom-up emotion
processes before more conscious modulation was applied.
We have not found evidence of any of the three strategies
impacting on later stages of emotion regulation differentially
after mindfulness training. Overall, our findings suggest
that mindful emotion regulation might be associated with
a unique pattern of effective early regulation of emotional
responses. This has implications for further research and
for mindfulness training in groups which cannot effectively
implement more conscious-controlled emotion regulation
strategies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12671-021-01692-8.
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