4/11/26, 6:23 PM Evaluation of Cognitive Behavioral Therapy vs Mindfulness Meditation in Brain Changes During Reappraisal and Acceptance Amon...

Home | JAMA Psychiatry | Vol. 78, No. 10

Original Investigation

Evaluation of Cognitive Behavioral Therapy vs
Mindfulness Meditation in Brain Changes During
Reappraisal and Acceptance Among Patients With Social
Anxiety Disorder

A Randomized Clinical Trial

Philippe R. Goldin, PhD1; Matthew Thurston, I\/ISZ; Santiago Allende, MS3; et al

¥ Author Affiliations | Article Information

1University of California, Davis

2University of Southern California, Los Angeles
3pGSP-Stanford PsyD Consortium, Palo Alto, California
4Stanford University, Stanford, California

>Temple University, Philadelphia, Pennsylvania

¢  Cite [ C ) Permissions |~ Metrics (Bl ) Comments

JAMA Psychiatry

Published Online: July 21, 2021
2021;78;(10):1134-1142.
doi:10.1001/jamapsychiatry.2021.1862

== RFIATFD ARTICIFS [CAl FIGLIRFS  .|. SLIPPI FMENTAI CONTENT
o— B D
8= <
Sections PDF Share

https://jamanetwork.com/journals/jamapsychiatry/fullarticle/2782159 1/22


https://jamanetwork.com/searchresults?author=Philippe+R.+Goldin&q=Philippe+R.+Goldin
https://jamanetwork.com/searchresults?author=Philippe+R.+Goldin&q=Philippe+R.+Goldin
https://jamanetwork.com/searchresults?author=Philippe+R.+Goldin&q=Philippe+R.+Goldin
https://jamanetwork.com/searchresults?author=Matthew+Thurston&q=Matthew+Thurston
https://jamanetwork.com/searchresults?author=Matthew+Thurston&q=Matthew+Thurston
https://jamanetwork.com/searchresults?author=Matthew+Thurston&q=Matthew+Thurston
https://jamanetwork.com/searchresults?author=Santiago+Allende&q=Santiago+Allende
https://jamanetwork.com/searchresults?author=Santiago+Allende&q=Santiago+Allende
https://jamanetwork.com/searchresults?author=Santiago+Allende&q=Santiago+Allende
javascript:;
https://jamanetwork.com/
https://jamanetwork.com/journals/jamapsychiatry/
https://jamanetwork.com/journals/jamapsychiatry/issue/78/10
javascript:;
javascript:;
http://s100.copyright.com/AppDispatchServlet?publisherName=AMA&publication=2168-622X&title=Evaluation+of+Cognitive+Behavioral+Therapy+vs+Mindfulness+Meditation+in+Brain+Changes+During+Reappraisal+and+Acceptance+Among+Patients+With+Social+Anxiety+Disorder%3a+A+Randomized+Clinical+Trial&publicationDate=2021-10-01&volumeNum=78&issueNum=10&author=Goldin%2c+Philippe+R.%3b+Thurston%2c+Matthew&startPage=1134&endPage=1142&contentId=10.1001%2fjamapsychiatry.2021.1862&oa=&orderBeanReset=True
javascript:;
javascript:;
javascript:;

4/11/26, 6:23 PM Evaluation of Cognitive Behavioral Therapy vs Mindfulness Meditation in Brain Changes During Reappraisal and Acceptance Amon...

Key Points

Question Do cognitive behavioral group therapy (CBGT) and mindfulness-based stress reduction (MBSR)
produce distinct brain and behavioral effects during cognitive reappraisal and acceptance regulation in
adults with social anxiety disorder?

Findings In this randomized clinical trial including 108 adult participants diagnosed with social anxiety dis-
order, CBGT and MBSR yielded overlapping and distinct cortical responses in a priori-defined regions of in-
terest for reappraisal and acceptance regulation. Changes in blood oxygen level-dependent functional
magnetic resonance imaging during reappraisal and acceptance were associated with reduced social anxi-
ety symptoms 1 year post-CBGT but not 1 year post-MBSR.

Meaning CBGT and MBSR may reduce clinical symptoms in patients with social anxiety disorder via en-

hancing reappraisal and acceptance emotion-regulation brain circuitry.

Abstract

Importance Cognitive behavioral group therapy (CBGT) and mindfulness-based stress reduction (MBSR)
are thought to help patients with social anxiety disorder (SAD) via distinct emotion-regulation mecha-
nisms. However, no study has compared the effects of CBGT and MBSR on brain and negative emotion indi-

cators of cognitive reappraisal and acceptance in patients with SAD.

Objective To investigate the effects of CBGT and MBSR on reappraisal and acceptance in patients with SAD
and to test whether treatment-associated brain changes are associated with social anxiety symptoms 1

year posttreatment.

Design, Setting, and Participants In this randomized clinical trial, a total of 108 unmedicated adults diag-
nosed with generalized SAD were randomly assigned to 12 weeks of CBGT, MBSR, or waitlist. The final
sample included 31 patients receiving CBGT, 32 patients receiving MBSR, and 32 waitlist patients. Data
were collected at the psychology department at Stanford University from September 2012 to December
2014. Data were analyzed from February 2019 to December 2020.

Interventions CBGT and MBSR.

Main Outcomes and Measures Changes in self-reported negative emotion and functional magnetic reso-
nance imaging (fMRI) blood oxygen level-dependent (BOLD) signal within an a priori-defined brain search
region mask derived from a meta-analysis of cognitive reappraisal and attention regulation 1 year
posttreatment.
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ulation and to satisfy the requirements of the National Institutes of Health. From the categories provided
by the National Institutes of Health, 47 participants selected White (43.5%), 42 selected Asian (38.9%) 10
selected Latinx (9.3%), 1 selected Black (1%), 1 selected Native American (1%), and 7 selected more than 1
race (6.5%). CBGT and MBSR were associated with a significant decrease in negative emotion (partial n2
range, 0.38 to 0.53) with no significant between-group differences when reacting (8, -0.04; SE, 0.09;
95% Cl, -0.11 to 0.08; tg>=-0.37; P=.71), reappraising (B, —0.15; SE, 0.09; 95% Cl, -0.32 to 0.03; tg; =
-1.67; P=.10), or accepting (B, -0.05; SE, 0.08; 95% Cl, -0.20 to 0.11; tg>=-0.59; P=.56). There was a
significant increase in BOLD percentage signal change in cognitive and attention-regulation regions when
reappraising (CBGT=0.031; MBSR=0.037) and accepting (CBGT=0.012; MBSR =0.077) negative self-be-
liefs. CBGT and MBSR did not differ in decreased negative emotion and increased reappraisal and accep-
tance BOLD responses. Reappraisal-associated MBSR (vs CBGT) negative emotions and CBGT (vs MBSR)
brain responses were associated with social anxiety symptoms 1 year posttreatment.

Conclusions and Relevance The results of this study suggest that CBGT and MBSR may be effective treat-
ments with long-term benefits for patients with SAD that recruit cognitive and attention-regulation brain
networks. Despite contrasting models of therapeutic change, CBT and MBSR may both enhance reappraisal

and acceptance emotion regulation strategies.

Trial Registration ClinicalTrials.gov Identifier: NCTO2036658

Introduction

Social anxiety disorder (SAD) is a common psychiatric disorder with lifetime prevalence of 12.1%.' SAD in-
volves considerable impairment in social, educational, and occupational functioning, as well as poor qual-
ity of life.2"* Because it is frequently unrecognized and untreated, SAD incurs a serious societal burden.®’
Cognitive behavioral group therapy (CBGT), a criterion-standard intervention for SAD,8 trains patients to
implement cognitive restructuring of maladaptive beliefs and interpretations in the context of within-ses-
sion and in vivo exposures to feared situations. The effectiveness of CBGT is associated with fear-inhibitory
learning, a form of implicit emotion regulation, and with learning cognitive reappraisal of unhelpful re-
sponses to specific situations.?’

Research has also demonstrated the efficacy of mindfulness-based stress reduction (MBSR)'? in treating
SAD.'3 MBSR trains individuals to increase present-moment awareness, curiosity, and an experiential
(rather than avoidance) approach via a variety of mindfulness exercises and meditations. Acceptance is a
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of mindfulness and has been shown to predict decreased relapse rates over 24 months in adults with re-
mitted depression.'?

Investigations of therapeutic mechanisms in CBGT and MBSR thus far have relied primarily on self-report

measures, and have shown equivalent decreases in cognitive distortions and rumination, and increases in

reappraisal frequency and self-efficacy, mindfulness skills, and attention focusing and shifting.

Comparisons of CBGT and MBSR have demonstrated decreased frequency of subtle avoidance behaviors

during CBGT but not during MBSR'3 as one point of difference in mechanism. However, more fine-grained

analyses of weekly changes during treatment for SAD suggest that, although both CBGT and MBSR pro-
duced similar trajectories of social anxiety symptom reduction, CBGT produced greater increases in disput-
ing anxious thoughts and feelings and reappraisal success, while MBSR produced greater acceptance of
anxiety and acceptance success.'® Thus, there is some evidence for specificity from self-report measures.

However, directly probing SAD-associated brain functioning may provide a more direct assessment of ther-

apeutic mechanisms.

Evidence suggests that both CBT and MBSR for SAD increase recruitment of emotion regulatory brain re-
gions. CBT has been shown to increase activity in the reappraisal-associated dorsolateral, ventrolateral,
and medial prefrontal cortical regions.17 For MBSR, attentional deployment of observing present-moment
experience (referred to as open monitoring) has been shown to downregulate emotional reactivity to idio-
graphic negative self-beliefs and to increase activity in attention-associated brain regions.18'20 However,
because no studies, to our knowledge, have directly compared the effects of CBT and MBSR on emotion-
regulation brain substrates, there is currently limited understanding about the common and specific effects

on frontoparietal brain regions associated with reappraisal and acceptance in patients with SAD.

We tested for common and specific effects of CBGT and MBSR on brain activity during two forms of emo-
tion regulation (reappraisal and acceptance) in adults with SAD. We used a validated autobiographical so-
cial situation emotion-regulation task'” 2123 to examine changes in self-reported negative emotion and
functional magnetic resonance imaging (fMRI) blood oxygen level-dependent (BOLD) signal when partici-
pants were cued to react, reappraise, or accept idiographic negative self-beliefs embedded in autobio-
graphical social situations pre- and post-CBT, pre- and post-MBSR, and for individuals in the waitlist (WL)
control group. We focused our analysis within an a priori-defined brain search region mask (Figure 1) de-

rived from meta-analyses of cognitive reappraisal and attention regulation.24-26

7] view Large ], Download

Figure 1. A Priori-Defined Brain Search Region Mask Derived From Meta-analyses of Cognitive
Reappraisal and Attention Regulation
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Hypothesis 1: We expected that, compared with WL, treatment (CBGT and MBSR) would result in de-

creased negative emotion and increased BOLD signal in frontoparietal regions implicated in reappraisal
and acceptance based on our prior study in healthy adults.?3

Hypothesis 2: We expected some degree of specificity in the match between treatment and regulation
strategy. For CBGT vs MBSR, we expected greater decreases in negative emotion and greater increases
in fMRI BOLD signal in frontoparietal brain regions during reappraisal. For MBSR vs CBGT, we expected
greater decreases in negative emotion and greater increases in BOLD signal in frontoparietal brain re-
gions during acceptance.

Hypothesis 3: We expected treatment-mechanism specificity—that is, an interaction of CBGT vs MBSR by
negative emotion and brain responses—to be associated with social anxiety symptoms 1 year posttreat-

ment, with stronger association for CBGT during reappraisal and for MBSR during acceptance.
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Participants

The trial protocol can be found in Supplement 1, and the statistical analysis plan can be found in
Supplement 2; these have been described in detail elsewhere.?” A total of 108 unmedicated patients were
enrolled who met DSM-/V28 criteria for a principal diagnosis of generalized SAD, scored greater than 60 on
the Liebowitz Social Anxiety Scale—Self-report,29 met MRI eligibility, and had no evidence of thought disor-
der or bipolar disorder (see Goldin et al'3; eMethods in Supplement 3). Patients were randomly assigned in
cohorts of 6 to CBGT (n=36), MBSR (n=36), or WL (n=36) groups. A random number generator deter-
mined the sequence of 6 groups per 3 arms of the randomized clinical trial. Individuals in the WL group
were rerandomized to CBGT or MBSR, but only their pre-WL and post-WL data were analyzed here. After
dropout from CBGT (n=2), MBSR (n=3), and WL (n=1), and exclusion of incomplete neuroimaging data (n
=7), the final sample included 31 individuals in the CBGT group, 32 individuals in the MBSR group, and 32
individuals in the WL group (see Goldin et al'3; eFigure 1in Supplement 3). Participants provided written
informed consent as approved by the Stanford University Institutional Review Board. The study followed
the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline. The study design, search

region, and data analytic strategy were preregistered at Open Science Framework.2’

Procedure

Patients were recruited through referrals and web listings. Baseline assessments were completed before
random assignment. Patients completed fMRI and self-report measures at baseline and posttreatment or
post-WL, and self-report measures 1 year posttreatment. Research assistants who collected brain and be-

havioral data were blind to group assignment.

Clinical Assessment

Diagnostic interviews were conducted at baseline using the Anxiety Disorders Interview Schedule for the
DSM-IV-Lifetime Version.30 To assess interrater reliability, we had PhD-level clinical psychologists and doc-
toral students review a random selection of 20% of the interviews. There was 100% agreement with the
original principal diagnosis of SAD (k=1.0). We measured SAD symptoms with the Liebowitz Social Anxiety

Scale-Self-Report at baseline, immediately posttreatment, and 1 year posttreatment.

fMRI Task Assessment

We used a previously?3 validated version of the autobiographical social situation emotion-regulation task
to assess negative emotion and fMRI BOLD signal during react, reappraise, and accept conditions in re-
sponse to idiosyncratic negative self-beliefs embedded in participant-generated autobiographical negative
social situations (eFigure 2 in Supplement 3). The fMRI task consisted of 3 runs, each consisting of 1 neutral

and 2 negative stories. Each negative story was presented with 8 one-line sentences followed by a fixed
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observe (6 trials). See the eMethods in Supplement 3 for a description of the instructions, fMRI task, train-

ing, image acquisition, preprocessing, and data analysis approach.

Treatments

CBGT was delivered by PhD-level clinical psychologists using a protocol consisting of twelve 2.5-hour
sessions.3! We gave patients a CBT workbook32 to supplement the treatment protocol, which included
psychoeducation and orientation to CBGT; cognitive restructuring training; within-session and between-
session exposure to feared social situations; and relapse prevention and termination.

MBSR'2 was delivered by an MS-level expert MBSR instructor trained at the University of Massachusetts
Center for Mindfulness. The standard protocol was modified to convert the 1-day meditation retreat into 4
additional weekly group sessions between the standard class 6 and 7. This resulted in 12 weekly 2.5-hour
sessions to match CBGT dose and duration. We gave patients an MBSR workbook33 to support ongoing
meditation practice.

Using a criterion of 9 of 12 sessions attended for treatment completion status, 33 patients (92%) com-
pleted CBGT and 33 patients (92%) completed MBSR. Mean (SD) number of sessions attended for CBGT
(10.47 [1.56]) and MBSR (10.37 [2.09]) did not differ (t71=0.22; P=.82). Adherence-to-protocol ratings
conducted in real time in each session indicated that CBGT therapists and the MBSR instructor were in pro-
tocol with no between-group differences.

Statistical Analysis

For negative emotion ratings, we implemented intention-to-treat linear mixed models with the nlme pack-
age in RStudio version 1.3.1093 and R version 4.0.2 (the R Foundation) with random intercepts to address
group by time interaction in hypotheses 1 and 2. For brain responses, we defined an a priori brain search re-
gion mask (Figure 1) with an automated meta-analytic tool2* with the search terms cognitive reappraisal

l25

and attention regulation, as well as a meta-analysis of reappraisal> and a meta-analysis of meditation.2® To

identify interaction activation clusters for hypotheses 1 and 2, we used the threshold-free cluster

enhancement3*

method that combines spatial extent and height of BOLD signal, together with voxel-
based correction using the corrp package in FSL version 6.0 (FMRIB Software Library) across patients with
complete time 1 and 2 data. All brain results were corrected for multiple comparisons at P<.05, familywise

error corrected, and all tests were 2-tailed (eMethods in Supplement 3).

For hypothesis 3, we implemented multiple linear regression to test if post-CBGT vs post-MBSR negative
emotion ratings or brain responses (mean within-patient 8 coefficients within the search region) when
reappraising or accepting (after controlling for baseline emotion or brain responses) were associated with
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Results

Of the 108 included patients, 60 (56%) were female. The mean (SD) age was 32.7 (8.0) years. Self-re-
ported race and ethnicity data were collected to inform the generalizability of the study to the wider pop-
ulation and to satisfy the requirements of the National Institutes of Health. From the categories provided
by the National Institutes of Health, 47 participants selected White (43.5%), 42 selected Asian (38.9%) 10
selected Latinx (9.3%), 1 selected Black (1%), 1 selected Native American (1%), and 7 selected more than 1
race (6.5%).

Baseline Preliminary Analyses

As reported previously,'® CBGT, MBSR, and WL groups did not differ significantly in demographic and clini-
cal characteristics (eTables 1 and 2 in Supplement 3). CBGT and MBSR were associated with a similar reduc-
tion of social anxiety symptoms from baseline to immediately posttreatment and 1 year posttreatment
(eFigure 3 in Supplement 3) with treatment-specific weekly changes in frequency of disputing (CBGT
greater than MBSR) and of acceptance (MBSR greater than CBGT) of anxious thoughts and feelings (eFig-
ure 4 in Supplement 3).

Hypothesis 1: Treatment vs WL

Linear mixed models found that, compared with WL, CBGT and MBSR demonstrated greater pretreatment
to posttreatment decreases in negative emotion when reacting (8, —0.28; SE, 0.05; 95% Cl, -0.39 to
-0.17; tg=-5.12; P<.001), reappraising (8, -0.28; SE, 0.05; 95% Cl, -0.37 to -0.19; tg;=-6.08; P<.001),

and accepting (B, —0.29; SE, 0.05; 95% CI, -0.39 to -0.19; tg,=-5.64; P<.001).

The threshold-free cluster enhancement method identified significant interaction in BOLD signal during re-
acting, accepting, and reappraising negative self-beliefs (vs reading neutral statements) between groups
(treatment vs WL) from pretreatment to posttreatment via familywise error rate corrected (P<.05) (Figure
2). When reacting, there was an interaction of group by time characterized by greater increases in brain re-
sponses from pretreatment to posttreatment vs WL in dorsomedial prefrontal cortex (DMPFC) and dorsal
anterior cingulate cortex (dACC). When reappraising, there was an interaction of group by time character-
ized by greater brain activation pretreatment to posttreatment vs WL in DMPFC, dACC, left dorsolateral
prefrontal cortex (DLPFC), left ventrolateral prefrontal cortex (VLPFC), left supramarginal gyrus, left pos-
terior superior temporal gyrus, and thalamus. When accepting, there was an interaction of group by time,
characterized by greater brain responses pretreatment to posttreatment vs WL in left DLPFC, DMPFC,
dACC, and thalamus.
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MBSR-Specific Blood Oxygen Level-Dependent (BOLD) Signal Changes
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N o T
CBGT MEBESR WL
Partialn? = 0.02 0.01 0.01

Error bars indicate standard errors.

Hypothesis 2: CBGT vs MBSR

Linear mixed models revealed that CBGT and MBSR yielded similar reductions in negative emotion (partial
n? range, 0.38 to 0.53) with no significant between-group differences (Table 1) when reacting (B, -0.04;
SE, 0.09; 95% Cl, -0.11 to 0.08; tgy=-0.37; P=.71), reappraising (B, —0.15; SE, 0.09; 95% Cl, -0.32 to
0.03; tg>=-1.67; P=.10), or accepting (8,-0.05; SE, 0.08; 95% Cl, -0.20 to 0.11; tg>=-0.59; P=.56).

7] View Large |, Download

Table 1. Self-reported Negative Emotion Ratings for Individuals in the Cognitive Behavioral Group
Therapy (CBGT) Group, the Mindfulness-Based Stress Reduction (MBSR) Group, and the Waitlist (WL)
Group
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Table 1. Self-reported Negative Emotion Ratings for Individuals in the Cognitive Behavioral Group Therapy
(CBGT) Group, the Mindfulness-Based Stress Reduction (MBSR) Group, and the Waitlist (WL) Group

Mean (SD)
Variable CBGT (n = 31) MBSR (n = 32) WL (n = 32)
Reaction
Pretreatment 4.04 (0.54) 3.89(0.55) 3.91(0.86)
Posttreatment 3.17 (0.72) 2.98 (0.85) 3.84(0.89)
F test 34.10 31.71 0.65
Pvalue .001 .001 43
Partial n? 0.53 0.51 0.02
Acceptance
Pretreatment 2.99(0.55) 2.95(0.62) 2.75(0.74)
Posttreatment 2.45(0.58) 2.10(0.56) 2.92(0.80)
F test 21.30 60.85 32.11
Pvalue .001 .001 .16
Partialn’ 0.38 0.64 0.04
Reappraisal
Pretreatment 2.82(0.54) 2.65 (0.65) 2.59(0.68)
Posttreatment 2.23(0.55) 1.96 (0.47) 2.78(0.76)
F test 34.03 38.38 3.03
Pvalue .001 <.001 .09
Partial n? 0.49 0.52 0.09

CBGT and MBSR were each associated with increased BOLD percentage signal when reacting (CBGT, 0.012;

MBSR, 0.019; P>.28), reappraising (CBGT, 0.031; MBSR, 0.037; P>.28), or accepting (CBGT, 0.012; MBSR,
0.077; P>.28), with no significant between-group differences in the brain regions identified above.

Hypothesis 3: Social Anxiety Symptoms 1 Year Posttreatment

For reappraisal, as shown in Table 2, regression revealed an interaction of group by posttreatment negative

emotion with social anxiety symptoms 1 year posttreatment. Posttreatment negative emotion was associ-

ated with social anxiety 1 year post-MBSR (R2, 0.13; t, 2.25; P=.03; B, 0.79; SE, 0.35; 95% Cl, 0.07 to 1.51),
but not post-CBGT (t, 1.65; P=.11). For acceptance, regression yielded no interaction of group by posttreat-

ment negative emotion with social anxiety symptoms 1 year posttreatment, with no significant association

Nnnct-MRQR (+ 1 27. P= 22\ nr nnct-CRET (+ D N. b= NK)
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Table 2. Linear Regression of Cognitive Behavioral Group Therapy (CBGT)-Associated Changes vs
Mindfulness-Based Stress Reduction (MBSR)-Associated Changes in Negative Emotion Ratings and
Functional Magnetic Resonance Imaging (fMRI) Blood Oxygen Level-Dependent (BOLD) Signal
Associated With Severity of Social Anxiety Symptoms 1 Year Posttreatment (N=61)

Table 2. Linear Regression of Cognitive Behavioral Group Therapy (CBGT)-Associated Changes vs Mindfulness-Based Stress Reduction
(MBSR)-Associated Changes in Negative Emotion Ratings and Functional Magnetic Resonance Imaging (FMRI) Blood Oxygen Level-Dependent
(BOLD) Signal Associated With Severity of Social Anxiety Symptoms 1Year Posttreatment (N = 61)

Measure R? Fosz Pvalue B (SE; 95%CI)* t P value
Negative emotion rating
Reappraisal
Pretreatment 0.06 (0.22; -0.38 to 0.50) 0.29 78
Posttreatment 18 3.03 03 0.63(0.24;0.15 to 1.11) 261 01
CBGT vs MBSR 0.85 (0.48; -0.11 to 1.82) 1.77 08
CBGT vs MBSR = posttreatment -0.49 (0.22; -0.94 to -0.04) 2.18 .03
Acceptance
Pretreatment =0.09 (0.23; -0.55 t0 0.37) 0.40 69
Posttreatment A1 1.77 15 0.52 (0.22; 0.08 to 0.96) 2.37 02
CBGT vs MESR 0.29 (0.49; -0.68 to 1.27) 0.60 .55
CBGT vs MBSR = posttreatment -0.20 (0.21; -0.62 to 0.21) 0.99 .33
fMRI BOLD Signal
Reappraisal
Pretreatment 0.67 (0.81; -0.96 to 2.30) 0.82 42
Posttreatment 12 1.81 14 0.87 (0.84; -0.80 to 2.55) 1.04 .30
CBGT vs MBSR -0.34 (0.17; -0.67 to -0.01) 2.06 045
CBGT vs MBSR = posttreatment 1.93(0.83; 0.26 to 3.60) 2.31 02
Acceptance
Pretreatment 0.32(0.87; -1.43 to 2.07) 0.37 g2
Posttreatment 09 1.34 27 1.36(0.88; -0.41 10 3.13) 1.54 13
CBGT vs MBSR =0.17 (0.16; =0.49 to 0.14) 1.10 28
CBGT vs MBSR = posttreatment 1.11 (0.88; -0.66 to 2.87) 1.26 21
* Unstandardized 3 weight.

For reappraisal, regression revealed an interaction of group by posttreatment brain responses with social
anxiety symptoms 1 year posttreatment. Posttreatment brain responses were associated with social anxiety
1 year post-CBGT (R2,0.17; t, 2.55; P=.02; B, 2.79; SE, 1.10; 95% ClI, 0.55 to 5.04), but not post-MBSR (t,
0.91; P=.37). For acceptance, regression showed no interaction of group by posttreatment brain responses
with social anxiety symptoms 1 year posttreatment. Posttreatment brain responses were associated with
social anxiety 1year post-CBGT (R, 0.15; t, 2.25; P=.03; B, 2.58; SE, 1.15; 95% Cl, 0.23 to 4.94), but not
post-MBSR (t. 0.093: P=.93). Usina clinicallv sianificant improvement to identifv responders vs nonre-
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Discussion

In this randomized clinical trial, we investigated the effects of CBGT and MBSR on self-reported negative
emotion and brain responses in adults with SAD while they attempted to reappraise and accept patient-
specific negative self-beliefs embedded in autobiographical social situations. Our goals were to examine
treatment-specific mechanisms and to test whether brain changes were associated with clinical symptoms
at 1 year posttreatment.

Effects of CBT and MBSR on Negative Emotion and Brain Responses

Results for treatment (CBT and MBSR) vs WL provided support for hypothesis 1. Compared with WL, treat-
ment decreased negative emotion and increased recruitment of regulation-associated brain regions (PFC,
parietal cortex, and caudate nucleus) during reappraisal and acceptance.

The direct contrast of CBGT vs MBSR found no evidence for the hypothesis 2 association between treat-
ment mechanism specificity in negative emotion and brain responses during reappraisal and acceptance.
Prior studies using the autobiographical social situation emotion regulation fMRI task have found similar
reductions in negative emotion when reacting and reappraising negative self-beliefs following CBT for
SAD' and when implementing breath-focused and meta-cognitive attention regulation following MBSR
for SAD.'9:22 while not specifically cued to do so, patients were likely to use newly strengthened emotion-

regulation skills during the react condition to decrease reactivity to negative self-beliefs.

CBGT and MBSR resulted in similar increases in brain activation during reappraisal and acceptance in the
medial, dorsomedial, dorsolateral, and ventrolateral PFC; superior parietal and lateral occipital regions;
and the caudate nucleus. These results converge with previously detected brain patterns in nonanxious
healthy adults using the same autobiographical social situation emotion-regulation fMRI task?3 in execu-
tive attention control during acceptance of sad images,36 and in perspective shifting and effortful atten-
tion during decentering from stressful events.3” Clinical fMRI studies have reported similar increased PFC
activation in patients with generalized anxiety disorder during acceptance of worry3® and MBSR-associated
increases in PFC-parietal circuits in patients with SAD during meta-cognitive observing and acceptance of
negative self-beliefs.22 The limited data presented thus far suggest that acceptance-associated emotion-
regulation strategies may produce brain responses that overlap with well-documented reappraisal brain

networks.2>

One interpretation of the overlapping brain activation is that acceptance recruits many of the neuropsy-
chological subcomponents that support reappraisal,25'39 such as cognitive control (DMPFC, DLPFC, and
VLPFC), inhibitory control (right DLPFC and VLPFC), working memory (DMPFC and DLPFC), perspective
taking (DLPFC), and monitoring and attentional control (superior parietal, MPFC, and DLPFC), but with
i= <
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creased reappraisal and mindfulness skills, including acceptance, and the brain results in this study may re-
flect greater recruitment of a core domain-general cognitive control network that supports implementa-
tion of both emotion-regulation strategies.

Long-term Clinical Outcome

Only the treatment-specific changes during reappraisal were significantly associated with reduced social
anxiety symptoms 1 year posttreatment, specifically MBSR (vs CBGT) decreases in negative emotion and
CBGT (vs MBSR) increases in fMRI BOLD signal. MBSR-associated enhancement of reappraisal abilities has
been previously reported.*' fMRI studies of pretreatment brain predictors have reported that lesser rostral

4243 inverse

anterior cingulate cortex and lesser left DLPFC activity during reappraisal of negative images,
connectivity between amygdala and right VLPFC during affect labeling,*# greater occipitotemporal activa-
tion to angry vs neutral faces,*> and dorsal ACC activation*® during self-referential criticism are associated
with response to CBT for SAD. One fMRI study found individual pre-CBT to post-CBT for SAD brain activity
increases in right prefrontal cortex, right middle occipital gyrus, and decreases in left posterior superior

temporal gyrus during reappraisal of social criticism were associated with 24% of the unique variance in

CBT-associated reductions in social anxiety symptoms.!! Our study replicates the finding of CBT-associated
increased PFC-parietal brain activity with reduction of social anxiety 1 year post-CBT and further identifies

that these results are specific to reappraisal (vs acceptance) and to CBT (vs MBSR).

The clinical implications of our study findings are that CBT and MBSR may strengthen overlapping skills,
including refining awareness of thought content and emotions, learning to diminish overlearned reactive
avoidant tendencies and instead choose adaptive coping strategies, and weakening the salience of nega-
tive self-beliefs (by challenging or reframing them, or by experiencing them as transient mental events).
Another inference is that, despite conceptual differences, CBT and MBSR might rely on common core emo-

tion-regulation processes to produce therapeutic improvement in people experiencing anxiety disorders.*’

Limitations and Directions for Future Research

Our study had limitations. Future studies could examine a wider range of emotion-regulation strategies
(eg, situation modification, expressive suppression) and meditation skills (eg, nonelaboration of thoughts),
as well as extinction of emotional reactivity as an implicit emotion-regulation mechanism associated with
in vivo exposures. Although CBGT-associated reappraisal and acceptance brain changes were associated
with decreased social anxiety symptoms 1 year posttreatment, this finding may be associated with numer-
ous other factors. Because we used an a priori search region mask, we did not detect brain changes previ-
ously reported following MBSR, such as amygdala48 and somatosensory regions.49 To strengthen the reli-
ability and generalizability of our results, future studies would benefit from examining a larger sample of

patients with different mood and anxiety disorders, as well as examining changes in autonomic physiologi-
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Conclusions

The results of this study suggest that CBGT and MBSR may be effective treatments with long-term benefits
for patients with SAD that recruit cognitive and attention-regulation brain networks. Despite contrasting
models of therapeutic change, CBT and MBSR may both enhance reappraisal and acceptance emotion regu-

lation strategies.
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