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MBSR vs aerobic exercise in social anxiety:
fMRI of emotion regulation of negative self-beliefs
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Mindfulness-based stress reduction (MBSR) is thought to reduce emotional reactivity and enhance emotion regulation in patients with social anxiety
disorder (SAD). The goal of this study was to examine the neural correlates of deploying attention to regulate responses to negative self-beliefs using
functional magnetic resonance imaging. Participants were 56 patients with generalized SAD in a randomized controlled trial who were assigned to
MBSR or a comparison aerobic exercise (AE) stress reduction program. Compared to AE, MBSR yielded greater (i) reductions in negative emotion when
implementing regulation and (ii) increases in attention-related parietal cortical regions. Meditation practice was associated with decreases in negative
emotion and social anxiety symptom severity, and increases in attention-related parietal cortex neural responses when implementing attention
regulation of negative self-beliefs. Changes in attention regulation during MBSR may be an important psychological factor that helps to explain how

mindfulness meditation training benefits patients with anxiety disorders.
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INTRODUCTION

Mindfulness meditation is a form of mental training that has existed
for more than two and a half millennia in the East and has recently
become integrated into Western health care approaches (Chiesa and
Serretti, 2011). Mindfulness-Based Stress Reduction (MBSR;
Kabat-Zinn, 1990), the format of mindfulness training that has
received the most empirical investigation, has been shown to reduce
symptoms of stress, depression and anxiety (Hofmann et al, 2010).
MBSR has been applied as an alternative clinical intervention for a
variety of psychological [e.g. anxiety and depression disorders (Allen
et al., 2006; Carmody, 2009; Chiesa and Serretti, 2009)] and chronic
medical problems (Merkes, 2010).

Recently, researchers have begun to examine the mechanisms of
action underlying MBSR. One candidate mechanism is emotion regu-
lation, a key feature of mood and anxiety disorders and a popular
target of many psychosocial clinical interventions (Campbell-Sills
and Barlow, 2007). Recent studies have found that emotion regulation
may (i) be related to dispositional mindfulness (Modinos et al., 2010)
and (ii) enhanced with MBSR (Goldin and Gross, 2010). In the present
study, we used functional magnetic resonance imaging (fMRI) to in-
vestigate changes in the neural bases of emotion regulation in a ran-
domized controlled trial (RCT) of MBSR and aerobic exercise (AE) for
adults diagnosed with generalized social anxiety disorder (SAD).

Mechanisms underlying MBSR

MBSR is associated with decreases in the habitual tendency to emo-
tionally react to and ruminate about transitory thoughts and physical
sensations (Teasdale et al., 2000; Ramel et al., 2004), stress, depression
and anxiety symptoms (Segal et al., 2002; Evans et al., 2008; Chiesa and
Serretti, 2009) and distorted self-view (Goldin et al., 2009c). MBSR is
also associated with increases in behavioral self-regulation (Lykins and
Baer, 2009), volitional orienting of attention (Jha et al, 2007) and
emotion regulation (Goldin and Gross, 2010; Modinos et al., 2010).
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There are a variety of emotion regulation strategies (Gross, 2007)
with distinct neural circuitry and temporal features (Goldin et al.,
2008). However, little is known about how MBSR influences emotion
regulation abilities (Chambers et al., 2009). Preliminary evidence sug-
gests that MBSR may influence the ability to exert cognitive control
over negative rumination (Ramel et al., 2004), self-referential processes
(Goldin et al., 2009¢) and attention allocation and regulation (Slagter
et al., 2008). Importantly, MBSR may be related to greater ability to
disengage attention from aversive emotional stimuli (Lutz et al., 2008);
thereby reducing emotional reactivity and enhancing the ability to
implement emotion regulation strategies.

MBSR and SAD

One clinical context for examining the effects of MBSR on emotion
regulation is SAD. SAD is a common, chronic and insidious psychiatric
condition characterized by intense fear of evaluation and avoidance of
social or performance situations (Stein and Stein, 2008). SAD involves
a distorted attentional focus on internal cues (e.g. negative thoughts
and self-imagery) and external cues (e.g. other’s facial expressions)
during social situations (Schultz and Heimberg, 2008), which main-
tains social anxiety symptoms by interfering with natural habituation
processes that lead to corrective learning (Heimberg and Becker, 2002).

Studies of patients with SAD have reported abnormal attentional
processes consisting of early hypervigilance followed by attentional
avoidance (i.e. reduced visual processing) of social threat (Mueller
et al., 2008). Imaging studies with patients with SAD have begun to
identify specific neural patterns related to these abnormal attentional
processes. Findings include hyperactivity in brain regions related to
immediate emotional reactivity (amygdala, insula) (Stein et al,
2007) and insufficient recruitment of brain networks implicated in
cognitive reappraisal [dorsolateral prefrontal cortex (dIPFC), dorsome-
dial prefrontal cortex (dmPFC), dorsal anterior cingulate cortex
(dACC)] and attention regulation [posterior cingulate (PC)/precu-
neus, inferior parietal lobe (IPL), supramarginal gyrus] when
modulating responses to social threat (Goldin et al., 2009b) and nega-
tive self-beliefs (Goldin et al., 2009a).

Although effective cognitive-behavioral and pharmacological treat-
ments have been developed for adults (Heimberg and Becker, 2002),
investigating alternative approaches to help 30-40% of the patients
who do not respond to traditional interventions is warranted
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(Stein and Stein, 2008). Preliminary evidence suggests that MBSR may
be helpful for patients with SAD. MBSR has been found to improve
mood, functionality and quality of life in patients with SAD (Koszycki
et al., 2007). MBSR-related changes in self-referential processing and
attention regulation have also been observed in patients with SAD
(Goldin et al, 2009¢; Goldin and Gross, 2010). More specifically,
during attention regulation, increased recruitment of posterior (par-
ietal and occipital) cortical attention-related brain regions from pre- to
post-MBSR was related to decreased anxiety in patients with SAD
(Goldin and Gross, 2010). While these initial studies are promising,
little is known about how MBSR impacts emotion regulation, how it
influences the neural bases of emotion regulation and how it compares
in the context of an RCT to other alternative and effective interven-
tions that have been shown to reduce stress and anxiety such as AE.

The present study

The goal of the present study was to investigate the differential effects
of MBSR vs AE (an alternative stress reduction intervention) in the
context of an RCT on the neural bases of emotion regulation of nega-
tive self-beliefs in patients with generalized SAD. To do this, we ob-
tained behavioral and neural measures of emotion regulation during
an fMRI experiment in patients with generalized SAD at baseline and
again after being randomly assigned to MBSR or AE.

We chose AE as an alternative intervention for several reasons. Like
MBSR, AE has been shown to improve both physical and mental health
(Penedo and Dahn, 2005), especially symptoms of stress, depression
and anxiety (Petruzzello et al., 1991; Stich, 1998; Strohle, 2009) in
clinical samples of mixed anxiety (e.g. Merom et al., 2007), panic dis-
order (e.g. Broocks et al., 1998; Dratcu, 2001) and generalized anxiety
disorder (e.g. Steptoe et al., 1989; McEntee and Halgin, 1999). Similar
to MBSR, it is a low-cost intervention that is readily available in the
community. Furthermore, as implemented in this study, individual
and group practice for both MBSR and AE were easy to match and
control. In patients with SAD, the effects of AE on the neural bases of
emotion regulation have not been examined or compared to MBSR in
an RCT.

Compared to AE, we expected MBSR to be associated with greater
(i) reduction of negative emotion and (ii) recruitment of posterior
cortical attention-related brain regions during attention regulation.
In the MBSR group, we expected meditation practice to be associated
with decreased negative emotion and increased brain responses in
attention-related posterior cortical regions from baseline to
post-MBSR.

METHODS
Participants

Participants were patients seeking treatment for SAD and who met
DSM-IV (Association, 1994) criteria for primary generalized SAD
based on the Anxiety Disorders Interview Schedule for the
DSM-IV-Lifetime version (DiNardo et al., 1994). Of the 316 individ-
uals assessed for eligibility, 260 were excluded due to not meeting study
criteria (173), other reasons (66) or declined to participate (21). The
remaining 56 participants were randomly assigned to either MBSR
(n=31) or AE (n=25) (Figure 1). Groups did not differ in gender,
age, ethnicity or education (Table 1). Complete fMRI assessments at
both baseline and post-intervention were available for 23 MBSR and
19 AE participants.

Participants passed an MRI safety screen and were excluded if they
had current pharmacotherapy or psychotherapy, history of medical
disorders or head trauma, or current psychiatric disorders other than
SAD, generalized anxiety disorder, major depressive disorder, obsessive
compulsive disorder, agoraphobia without a history of panic attacks or
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specific phobia. Participants were excluded if they had previously
completed an MBSR course or if they had a regular meditation practice
or AE regime (defined for our purposes as three or more times per
week, for >2 months).

In MBSR participants, current Axis I comorbidity included 10 with
generalized anxiety disorder, 5 with major depressive disorder, 3 with
specific phobia, 2 with dysthymia, 2 with panic disorder, 1 with agora-
phobia and 1 with obsessive-compulsive disorder. Past Axis I
comorbidity included nine with major depressive disorder, three
with eating disorders, one with panic disorder and one with dysthymia.
Fifteen participants reported past, non-cognitive—behavioral psycho-
therapy and seven reported past pharmacotherapy.

In AE participants, current Axis I comorbidity included eight with
generalized anxiety disorder, six with major depressive disorder, three
with dysthymia, two with specific phobia, two with panic disorder and
two with agoraphobia, Past Axis I comorbidity included two with
major depressive disorder, one with substance abuse, one with eating
disorder, 1 with obsessive—compulsive disorder and one with panic
disorder. Nine participants reported past, non-cognitive behavioral
psychotherapy and five reported past pharmacotherapy.

Procedure

All participants were recruited through web-based community listings
and referrals from mental health providers. Participants were told on
the phone that the study involved random assignment to two stress
reduction programs. After passing a telephone screening, potential
participants were administered the ADIS-IV-L (Di Nardo et al,
1994) by a clinical psychologist (P.G. or M.Z.). We enrolled patients
with a principal diagnosis of generalized SAD (operationalized as
moderate or higher severity (>4 on a scale of 0-8) on the
ADIS-IV-L (i) Clinician’s Severity Rating for SAD and (ii) social fear
for five or more distinct social or performance situations in the SAD
section. All participants provided informed consent in accordance with
Stanford University Human Subjects Committee rules.

Participants were randomly assigned to 8 weeks of either MBSR or
AE using Efron’s biased coin randomization procedure (Efron, 1971),
which entails higher probability of allocation to the under-represented
treatment group throughout the duration of the clinical trial.
Randomization was done only after all baseline assessments (including
fMRI) were completed.

Participants were administered self-report clinical and well-being
measures (Jazaieri et al, 2012) and fMRI scanning assessments
before and after MBSR and AE.

Interventions
Mindfulness-based stress reduction

We administered the standard MBSR program consisting of eight,
weekly 2.5h group classes, a 1-day meditation retreat and daily
home practice. Participants were trained in formal meditation (i.e.
breath-focus, body scan, open monitoring), informal practice and
Hatha yoga. Daily logs were collected each week to measure group
and individual meditation and yoga practice. Participants attended
MBSR courses offered by seven different teachers in eight health care
settings throughout the San Francisco Bay Area. MBSR instructors had
15.7 years (SD=4.1 years, range = 10-20 years) of MBSR teaching
experience. MBSR was offered at no-cost.

Aerobic exercise

We provided at no cost 2-month gym memberships to participants
randomized to AE. To match the individual and group components of
MSBR, participants in the AE intervention were required to complete
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Assessed for eligibility (n=316)

—

Excluded (n=260)
+ Not meeting inclusion criteria (n=173)
¢ Other reasons (n=66)

[ Enrollment

] ¢ Declined to participate (n=21)

Randomized (n=56)

e 31 MBSR
e 25AE
( . )
l L Allocation ] l

Allocated to MBSR intervention (n=31)
+ Received intervention (n=26)

+ Did not receive allocated intervention (n=5)
Reasons: 1 attended 4 classes and was
uncomfortable with the class, 1 attended 2
classes and thought group format was too
intense, 1 attended 1 class and did not like the
content, 1 attended O classes and wanted to do
something else for treatment, 1 attended O
classes because could no longer make class
time

Allocated to AE intervention (n=25)

+ Received intervention (n=23)

+ Did not receive allocated intervention (n=2)
Reasons: 1 wanted to but too anxious to get to
gym, 1 could not find time to get to the gym as
it was too far away

Follow-Up J

+ Lost to follow-up (n=3)
Reasons: 1 too busy, 1 could not complete
assessments in allotted time, 1 not willing to
do fMRI again

+ Lost to follow-up (n=4)
Reasons: 1 too busy, 1 could not complete
assessments in allotted time, 1 not willing to
complete, 1 no response

Analysis ]

Analyzed (n=23)
+ Excluded from analysis (n=0)

Fig. 1 Consolidated standards of reporting trials (CONSORTs) diagram for a RCT of MBSR vs AE.

at least two individual AE sessions and one group AE session (other
than meditation or yoga) each week during the 8-week intervention.

Experimental task

A version of this task focused on cognitive reappraisal has been pub-
lished (Goldin et al., 2009a). The version used here implemented a
meta-cognitive attention regulation cued with a single word ‘observe’.
The task consisted of five situations. The first was an
experimenter-composed neutral situation about washing a car that
was used to obtain baseline emotion ratings and fMRI BOLD signals
for reading neutral statements. Then, four participant-generated auto-
biographical social anxiety situations characterized by social anxiety,
humiliation and embarrassment were presented. For each situation,
participants composed a paragraph describing the events, thoughts
and feelings and five negative self-beliefs (NSBs) (e.g. I am incompe-
tent; others think I am not normal). Participants indicated their age at
the time of each situation and provided ratings, on a scales of 1 (not at
all) to 9 (very much), of the vividness of the memory, their experience
of shame at the time of the situation, as well as current shame,
disturbance, avoidance and frequency of talking about the situation.

Analyzed (n=19)
+ Excluded from analysis (n=0)

Five situations were presented in a single run lasting 15 min and 27s.
The sequence of instructions for the five situations was fixed: neutral,
react NSB, regulate NSB, react NSB and regulate NSB. Each situation
consisted of (i) an instruction to ‘react’ or ‘observe’ (6s), (ii) 16 sen-
tences (3s each) in white font against a black background describing
the situation, (iii) 10 NSBs (9 s each) embedded in the unfolding story
in uppercase letters that flashed nine times (850 ms on and 150 ms off)
and (iv) a negative emotion rating after each NSB (3 s) from 1 =not at
all to 3=moderately to 5= extremely negative (Figure 2). Negative
self-beliefs were flashed to maintain attention and appeared in white
font for neutral and react trials and green for reappraisal trials. The
task was programmed in Eprime (Psychology Software Tools, Inc) with
a button response pad positioned in the participant’s right hand inside
the magnet. Participants were trained prior to the baseline scan to react
to NSBs by reflecting on how the NSB represents something that is true
about the participant. Observing NSBs consisted of cultivating a pre-
sent moment, meta-cognitive attentional perspective that focused on
just noticing any thought, memory, emotion or sensation as it ap-
peared and dissolved of its own accord without grasping at or rejecting
any experience of body or mind.
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Table 1 Demographic characteristics for patients randomized to MBSR or AE

MBSR n =31 AE n=125 t-test or x>

19 (61.3) 10 (40)
3287 £8.83 32.88 £7.97

¥ =288
t=042
=043

Females, n (%)
Age (M £ SD) (years)
Ethnicity, n (%)
Caucasian 13 (41.9) 10 (40)
Asian 14 (45.2) 11 (44)
Hispanic 39.7) 1(4)
Multiracial 1(3.2) 3(12)
Education (M = 5D) (years) 16.40 4= 2.00 16.84 1= 2.64
Current axis-1 comorbidity
Generalized anxiety disorder
Major depressive disorder
Dysthymia
Specific phobia
Panic disorder
Agoraphobia
Obsessive—compulsive disorder
Past axis-1 comorbidity
Major depressive disorder
Dysthymia
Panic disorder
Obsessive—compulsive disorder
Substance abuse
Eating disorder
Past psychotherapy
Past pharmacotherapy

t=034
¥ =088

=1

[ I VU RN ey
O N NN W O o

¥ =149

“«x

¥ =184
¥ =156

~N—_,wo o = = o
O = =m0 o N

Note. MBSR = Mindfulness-Based Stress Reduction, AE = aerobic exercise.

Image acquisition

Imaging was performed on a General Electric 3-T Signa magnet with a
T2*-weighted gradient echo spiral-in/out pulse sequence (Glover and
Law, 2001) and a custom-built quadrature ‘dome’ elliptical bird cage
head-coil (GE Healthcare, Milwaukee, WI, USA). Head movement was
minimized using a bite-bar and foam padding. Across a single func-
tional run, 618 functional volumes were obtained from 22 sequential
axial slices (repetition time=1500ms, echo time=30ms, flip
angle =60°, field of view =22 cm, matrix = 64 x 64, single-shot, reso-
lution = 3.438 mm? x 4.5mm; voxel volume=53.2 mm3). 3D
high-resolution anatomical scans were acquired using fast spin-echo
spoiled gradient recall (0.8594% x 1.5mm; field of view=22cm,
frequency encoding =256).

fMRI data preprocessing

Analysis of functional neuroimages (AFNI) software (Cox, 1996) was
used for preprocessing and statistical analysis. The functional run was
subjected to preprocessing steps to maximize signal-to-noise contrast.
This included an analysis of potential outliers, volume registration to a
base image, motion correction, 4mm’ isotropic Gaussian spatial
smoothing, masking non-brain voxels, high-pass filtering (.011 Hz),
linear detrending and conversion into BOLD signal percentage
change in each voxel. No volumes demonstrated motion in the x, y
or z directions in excess of £0.8 mm. There was no evidence of
stimulus-correlated motion, as assessed by correlations between
condition-specific reference functions and x, y, z motion correction
parameters (all P’s >0.48).

fMRI statistical analysis

Multiple-regression was implemented with AFNI 3dDeconvolve and
included baseline parameters to remove mean, linear and quadratic
trends and motion-related variance in the BOLD signal. Regressors
for the react NSBs, regulate NSBs and read neutral statements were
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Instruction: REACT or OBSERVE

S = Sentence = 3s each

NSB = 9s Negative Self-Belief +
3s Negative Emotion Rating

Fig. 2 Structure of one autobiographical social situation block with 10 trials embedded.

convolved with the gamma variate model (Cohen, 1997) of the hemo-
dynamic response function. Functional MRI BOLD signal intensity was
computed as percentage of signal change [(MR signal per voxel per
time point/mean MR signal in that voxel for the entire functional
run) x 100].

Individual brain maps were converted to Talairach atlas space
(Talairach and Tournoux, 1988) and second-level group statistical
parametric maps were produced according to a random-effects
model. To investigate interaction effects, a 2 Group (MBSR, AE) x 2
Time (pre, post) repeated-measures ANOVA (3dANOVA3 in AFNI)
was implemented for regulate vs react NSBs. Follow-up t-tests
examined within- and between-group effects.

To correct for multiple comparisons, we used 3dFWHMXx to calcu-
late the intrinsic smoothness of the noise (i.e. residual in the BOLD
signal time series) for each subject. We then computed the group mean
FWHM (5.44151) and entered this value into 3dClustSim with a gray
matter mask generated by 3dAutomask. For a voxel-wise P=0.004, 7.0
original size voxels (3.44 x 3.44 x 4.5mm) are required to achieve a
cluster-wise P-value of P=0.05.

To examine the association of practice (meditation in MBSR and
exercise in AE) and whole-brain BOLD responses for the contrast of
regulate vs react NSB, we used AFNI 3dRegAna with the same thresh-
olding procedure noted above.

RESULTS

Preliminary analyses

Of the 31 participants, 5(16%) dropped from MSBR, and of the 25, 2
(8%) participants dropped during AE, a non-significant difference, x*
(1, N=56)=0.84, P=0.36. Between-group t-tests showed that the
average amount of practice time each week in the MBSR (M =212,
SD=104 min) and AE (M =196, SD=_86 min) groups did not differ
[#(45) = 0.60, P> 0.55].

Below, we report the differential effects of MBSR vs AE on negative
emotion ratings and neural responses when reacting to and regulating
negative self-beliefs. Within MBSR and AE groups, separately, we
report the association of practice (meditation or AE) with negative
emotion ratings during emotion regulation and with thresholded
whole-brain responses for the contrast of regulate vs react NSBs. The
effects of MBSR and AE on clinical and well-being measures in patients
with SAD is reported elsewhere (Jazaieri et al., 2012).

Emotional reactivity
Negative emotion

A 2 Group (MBSR, AE) x 2 Time (baseline, post) repeated-measures
ANOVA for the negative emotion ratings yielded no interaction of
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group by time for negative emotion when reacting to NSBs
[F(2,37)=1.24, P>0.27]. There was a main effect of time
[F(2,37) =24.48, P<0.001, partial 1° (n,) =0.40] and no effect of
group [F(2,37) =0.80, P=0.38] (Figure 3). To rule out story effects,
a paired f-test showed that there were no differential negative emotion
responses to NSBs in all 56 participants during baseline react situation
1 vs 2 [#(55) = 1.45, P=0.15].

Neural responses

A 2 Group (MBSR, AE) x 2 Time (baseline, post) repeated-measures
ANOVA on BOLD responses for the contrast of react NSBs vs neutral
statements resulted in interactions of group by time in one region:
right ventrolateral PFC (Table 2). This effect was characterized by
baseline to post-intervention BOLD response decrease for MBSR [%
BOLD change = —0.07 %; t(22) =2.90, P=0.008] and increase for AE
[% BOLD change =0.06%; #(18) =4.01, P=0.001] groups. This sug-
gests that both groups had a similar pattern of change in brain re-
sponses with only one brain dissociation in the prefrontal cortex.

4.0
@ Neut M React O Regulate

3.5

2.5

2.0

NEGATIVE EMOTION

1.5 1

MBSR MBSR AE AE
BASELINE POST BASELINE POST

Fig. 3 The effect of MBSR and AE on negative emotion ratings when reading neutral statements,
reacting and regulating negative self-beliefs. *P < 0.05, **P < 0.005. Error bars = standard error of
the mean.

Table 2 BOLD Responses for interaction of Group (MBSR, AE) x Time (pre, post) for react
negative self-beliefs vs read neutral statements and regulate vs react negative self-beliefs

Brain regions (Cluster #) BA X y z7 Vol (mm®)  F-value
React NSBs > read neutral
R ventrolateral prefrontal cortex 10 21 45 5 529 15.8
Read neutral > react NSBs none
Regulate > react NSBs
Parietal lobes
R SPL 3 7 24 -2 53 426 8.2
RIPL2 40 52 —58 50 479 105
RIPLS 40 58 —41 46 372 137
Occipital lobes
L lingual gyrus 4 18 -21 —68 =2 372 9.3
Cerebellum
Culmen 1 0 =37 =9 745 8.0
React > regulate NSBs none
“Talairach coordinates for voxel with peak BOLD % signal change.
F>766, voxel P<0.004, minimum cluster volume threshold >372mm’ (7 vox-

els x 3.438 mm? x 4.5 mm), cluster-wise P < 0.05.
BA =Brodmann Area, BOLD =blood oxygen dependent, L=Ieft, NSBs = negative self-beliefs,
R =right, Vol = volume. The Cluster # after each brain region refers to Figure 5.
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Emotion regulation
Negative emotion

To assess the effect of MBSR vs AE on emotion regulation of NSBs, we
conducted 2 Group (MBSR, AE)x2 Time (baseline, post)
repeated-measures ANOVA on percent reduction of negative emotion
when regulating NSBs. This analysis yielded an interaction of group by
time [F(2,37)=4.99, P=0.03, n; =0.12], a main effect of group
[F(1,37) =4.10, P=0.05, n; =0.10] and no effect of time (P>0.25).
Follow-up #-tests revealed a significant increase in percent reduction of
negative emotion from baseline to post-training for MBSR
[#(20) =2.13, P<0.05, r]; =0.19], but not AE [#17) =0.98, P>0.34]
(Figure 3). To rule out story effects, a paired t-test showed that there
were no differential negative emotion responses to NSBs in all 56
participants during baseline regulate situation 1 vs 2 [#(55)=0.89,
P=0.37].

Among MBSR participants, total meditation practice was associated
with greater percent reduction of negative emotion when implement-
ing emotion regulation at post-MBSR [r(22) =0.48, P=0.02]. Among
AE participants, there was no association of AE practice with percent
reduction of negative emotion during emotion regulation (P> 0.69).

Neural responses

A 2 Group (MBSR, AE) x 2 Time (baseline, post) repeated-measures
ANOVA on whole-brain BOLD responses for the contrast of regulate
vs react NSBs yielded five significant interactions, including right su-
perior parietal lobule (SPL), two regions within the right IPL, left
lingual gyrus and cerebellar culmen (Table 2 and Figure 5).
Follow-up t-tests in these interaction brain regions revealed baseline
to post-MBSR BOLD response decreases in right posterior superior
temporal gyrus (STG), and bilateral lingual gyrus, and increases in
left TPL, right anterior IPL, right posterior IPL and right SPL. From
baseline to post-AE, paired t-tests showed BOLD response decreases in
right SPL and bilateral IPL and increases in right lingual gyrus.

Among MBSR participants, total amount of meditation practice was
associated with increased BOLD responses during regulate (vs react
NSBs) after MBSR training in MPFC, left IPL, left middle occipital
gyrus) (Table 3). There were no associations between meditation prac-
tice and react (vs regulate NSBs). Among AE participants, there were
no associations between amount of AE and BOLD responses for regu-
late vs react NSBs or react vs regulate NSBs (all P’s >0.10).

DISCUSSION

The goal of this study was to investigate how mindfulness meditation
and AE stress reduction training programs differentially influence be-
havioral and neural outcomes in the context of emotion regulation.

0.
Z
S 59
£5 -10-
.
==
OE -151 T
28 0
= N
2E AN
o 2N
I'EJ -30 T

MBSR MBSR AE AE
BASELINE POST BASELINE  POST

Fig. 4 Percent reduction in negative emotion during emotion regulation of negative self-beliefs at
baseline and post-MBSR and AE. Interaction of Group by Time: F(2,37) =4.99, P =0.03, 1, =012
Error bars = standard error of the mean. *P < 0.05
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0 4
-0.03

-0.06

% SIGNAL CHANGE

-0.09
-0.12

-0.15 T

-0.18

Fig. 5 BOLD responses for interaction of Group (MBSR, AE) x Time (Pre, Post) for regulate vs react negative self-beliefs contrast. Percent signal change = Change in BOLD signal from pre- to post-intervention.
Interaction of Group by Time: F(2,40) > 7.66, P =0.004, Error bars = standard error of the mean. 1= Culmen, 2 =Right IPL, 3 =Right SPL, 4 = Left Lingual Gyrus, 5= Right IPL.

Table 3 Association between total amount of meditation and whole-brain BOLD signal
for observe vs react NSBs at post-MBSR in 23 patients with SAD

a

Brain regions BA Xyz Vol (mm®)  tvalue R

Observe > react
Frontal lobes

L medial prefrontal cortex 6 —10 —1050 729 3.95 043
Parietal lobes

LIPL 40 —52 —37.39 1000 4.89 0.53
Occipital lobes

L Middle occipital gyrus 19/31 —28 —68 22 891 4.10 0.44

React > observe—none

“Talairach coordinates for voxel with peak t-value.

t-value threshold > 3.14, voxel P<0.005, minimum duster volume threshold >372mm’ (7
voxels x 4.5mmx 3.438 mm?), cluster P<0.05. BA = Brodmann area, x, y, z="Talairach and
Tournoux coordinates, R’ = variance explained.

The target was present moment focused meta-cognitive attention regu-
lation in patients with generalized SAD when they interacted with their
own negative self-beliefs embedded in autobiographical social anxiety
related situations.

Emotional reactivity
MBSR and AE resulted in equivalent reduction of self-reported nega-
tive emotional reactivity to NSBs. This converges with a prior study
showing MBSR-related reduction in negative emotional reactivity to
NSBs in patients with SAD (Goldin and Gross, 2010). This is the first
study to demonstrate that AE reduces emotional reactivity to NSBs in
patients with SAD.

The contrast of react NSBs vs read neutral statements yielded an
interaction in the right ventrolateral PFC, characterized by baseline to

post-intervention BOLD signal decrease for MBSR and increase for AE.
Right ventrolateral PFC has been implicated in cognitive control
processes including cognitive reappraisal of emotion (Ochsner and
Gross, 2005), response inhibition (Aron et al., 2004) and expressive
suppression (Goldin et al., 2008). This pattern of brain activity changes
may be related to lesser automatic cognitive control of emotion
experience while reacting to NSBs in MBSR.

Emotion regulation

MBSR, but not AE, resulted in a significant reduction in negative
emotion to NSBs when implementing the attentional emotion regula-
tion strategy deployed in the experimental task. This converges with
prior findings of MBSR-related reduction in negative emotion when
implementing breath-focused attention regulation of NSBs in patients
with SAD (Goldin and Gross, 2010). The attention regulation strategy
used here is a meta-cognitive attentional focus referred to as ‘open
monitoring’ or ‘receptive awareness in various contemplative trad-
itions. The degree of reduction in negative emotional reactivity with
attentional emotion regulation at post-MBSR is similar to what has
been reported during cognitive reappraisal of NSBs in patients with
SAD (Goldin et al., 2009a). This suggests that distinct emotion regu-
lation strategies are effective in patients with SAD.

Practice dose effects were observed for MBSR, but not AE.
Meditation practice during MBSR was associated with lesser negative
emotion during regulation of NSBs. The set of mindfulness meditation
skills taught in MBSR may impact core features of SAD, namely, social
fear, behavioral avoidance and exaggerated emotional reactivity by
promoting a more flexible and adaptive attentional engagement with
core negative self-beliefs. This is likely a result of the extensive training
in recognizing habitual patterns of thinking and interpreting in con-
junction with flexible implementation of meta-cognitive attention
regulation. The absence of a practice effect in the AE group suggests
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that improvement in clinical and well-being measures with AE in
patients with SAD (Jazaieri et al., 2012) is likely related to mechanisms
other than meta-cognitive attention regulation, such as reduction in
autonomic reactivity or anxiety sensitivity. However, this has yet to be
investigated in the context of SAD.

Brain responses from the contrast of regulate vs react NSBs provide
evidence for the role of posterior parietal attention-related brain
regions in elucidating how MBSR trains attention processes in patients
with SAD. The brain response interactions revealed a dissociation
characterized by MBSR increases and AE decreases in three posterior
parietal attention-related brain regions: right anterior IPL, right pos-
terior IPL and right SPL. These brain regions have been implicated in
attentional alerting to a stimulus (Fan et al., 2005). Enhanced recruit-
ment of these brain regions following MBSR may reflect greater atten-
tional engagement (rather than avoidance or distraction) with the
emotional probe. MBSR-related increased activation in similar parietal
cortex regions has been reported with breath-focused attention vs
distraction in patients with SAD (Goldin and Gross, 2010).

Of note, similar to the pattern with self-reported negative emotion,
there were practice dose effects on brain responses for MBSR, but not AE,
specifically for the observe emotion regulation condition. Greater
amount of meditation practice was related to greater BOLD responses
for regulate vs react NSBs in brain regions implicated in cognitive
(MPFC) and visual attention (IPL, middle occipital gyrus). This pattern
of association suggests that MBSR enhancement of psychological flexi-
bility may depend on the amount of meditation practice and functional
integration of somatic-attention—cognitive control brain systems.

Implications

While MBSR has been shown to reduce symptoms of stress, anxiety
and depression, this RCT of MBSR vs AE provides evidence that
changes in attention regulation may be related to well-established
beneficial effects of mindfulness meditation. Specifically, MBSR, but
not AE, was associated with increased ability to downregulate negative
emotional reactivity to their own NSBs during the observe condition
during which participants were attempting to implement one type of
meta-cognitive attention regulation. Importantly, this indicates that
specific emotion regulation strategies with distinct neural architectures
can be effective in the same clinical sample. For example, increases in
cognitive reappraisal, which involves logical reasoning, linguistic
processing and modification of meaning, has been shown to mediate
reduction of SAD symptoms (Goldin et al, 2012). This study shows
that a meta-cognitive attention regulation strategy, which does not rely
on logical reasoning, linguistic processing and modification of mean-
ing, may also be effective in SAD patients.

Limitations

The current study is limited to inferences about a single emotion regu-
lation strategy, (present moment, meta-cognitive attention regulation)
for only one type of SAD-related emotional probe (NSBs). A direct
comparison of multiple emotion regulation strategies for different
anxiety-inducing probes will be important to consider in future
studies. This study used a fixed order of only four autobiographical
situations. Future studies may benefit from using a random sequence
of many more types of autobiographical life situations.

In the present study, the AE active comparison training was useful
for matching both individual and group practice components of
MBSR. However, given that MBSR provides multiple tools for learning
the skill of mindfulness, it may be helpful to add an active training
program that also teaches a new non-meditative mental skill, for ex-
ample, visualization as a tool for enhancing memory ability. Future
studies will also benefit from adding a waitlist control group.
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While this study investigated brain changes before and after MBSR,
to address the issue of optimal treatment matching, future analyses
should determine if behavioral and neural signals during emotion
regulation at baseline can predict who will maximally benefit from
MBSR or AE (i.e. moderator analysis). To better understand how
MBSR and AE work, an analysis of underlying mechanisms might
investigate whether changes in BOLD responses from baseline to
post-intervention predict longer term clinical status (i.e. mediator
analysis). Specifically, future studies may consider investigating
whether and how changes in emotion regulation strategy during treat-
ment are related to clinical outcomes.
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