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Abstract

Cognitive behavioral therapy (CBT) is the leading psychotherapeutic treatment for body dysmorphic disorder (BDD), yet
not all patients improve. To address the treatment response gap, CBT may be augmented with cognitive enhancers such as
p-cycloserine (DCS). DCS-augmented behavior therapy has been tested with mixed results in related disorders. To initially
test whether DCS may augment CBT for BDD, we conducted the first preliminary efficacy trial of DCS versus placebo-
augmented CBT for BDD, via a randomized, double-blind study. We analyzed data using mixed-effects models in a modified
intent-to-treat sample (N=26). Over 10 weeks of treatment, primary (BDD severity) and secondary (insight, depression)
outcomes improved significantly across both conditions, but there were no significant group differences in response. Explora-
tory analysis revealed that BDD-related distress, specifically, reduced significantly more in the DCS condition compared to
placebo. This is the first study testing DCS-augmented CBT for BDD. Implications, limitations, and future directions are

discussed.
Trial registry: ClinicalTrials.gov Identifier NCT00842309
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Introduction

Body dysmorphic disorder (BDD) is a common and severe
psychiatric illness, with lifetime prevalence rates ranging
from 1.7 to 2.9% (Buhlmann et al. 2010; Koran et al. 2008;
Rief et al. 2006; Schieber et al. 2015). BDD involves an
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excessive preoccupation with one or more imagined or exag-
gerated flaws in one’s physical appearance (American Psy-
chiatric Association [APA] 2013). Appearance preoccupa-
tions are accompanied by time-consuming rituals performed
to conceal, fix, or reduce distress related to appearance
concerns (APA 2013). Reflecting its core features of obses-
sions and compulsions, BDD is classified as an obsessive
compulsive related disorder in the Diagnostic and Statisti-
cal Manual-Fifth Edition (DSM-5) (APA 2013). BDD also
shares key similarities with social anxiety disorder (SAD), as
both illnesses involve a fear of negative evaluation by others
(Fang and Hofmann 2010).

Cognitive behavioral therapy (CBT) is a leading empir-
ically-supported treatment for BDD (Veale et al. 2014;
Wilhelm et al. 2014). CBT for BDD typically ranges from
12 to 22 sessions and involves psychoeducation, cogni-
tive restructuring, mindfulness, attentional retraining,
and a primary emphasis on exposure with ritual preven-
tion (Veale and Neziroglu 2010; Wilhelm et al. 2013).
While effective for most BDD patients, not all patients
improve with CBT for BDD, and a substantial proportion
are left with significant residual symptoms (Veale et al.
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2014; Wilhelm et al. 2014). This gap in treatment response
underscores the utility of investigating ways to augment
CBT for BDD.

One potential method of augmenting CBT is with a
pharmacologic agent that may enhance extinction learning,
such as p-cycloserine (DCS). DCS is a partial N-methyl-
p-aspartic acid (NMDA) receptor agonist which acts on
the glutamate system (Davis and Myers 2002). It has been
proposed that DCS may enhance fear-based extinction
learning in the context of exposure therapy (Mataix-Cols
et al. 2017). The effects of DCS on fear-based extinc-
tion learning were first demonstrated in animal studies;
enhanced extinction learning was observed among rats that
were given DCS with extinction training compared to rats
that were not given DCS with extinction training (Walker
et al. 2002).

In light of promising results in animal models, research-
ers have examined the benefits of using DCS to aug-
ment anxiety or fear extinction in exposure therapy for
both SAD (Guastella et al. 2008; Hofmann et al. 2006,
2013) and OCD (Andersson et al. 2015; de Leeuw et al.
2017; Farrell et al. 2013; Kushner et al. 2007; Mataix-
Cols et al. 2014; Storch et al. 2007, 2010, 2016; Wilhelm
et al. 2008). Whereas results from individual trials were
mixed, a large meta-analysis of DCS-augmented behavior
therapy shows that overall, DCS significantly augments
BT in SAD, but not OCD, trials (Mataix-Cols et al. 2017).
Moreover, whereas some individual studies documented
a faster response to behavior therapy augmented by DCS
compared to placebo (e.g., Hofmann et al. 2013; Chasson
et al. 2010), meta-analysis results did not find an advan-
tage of DCS over placebo at mid-treatment (Mataix-Cols
et al. 2017).

In light of the mixed findings in related disorders, pre-
liminary efficacy research in BDD is needed to begin to
determine whether DCS may be useful in augmenting CBT
for BDD. To this end, the present study was the first test
of DCS-augmented behavior therapy for BDD. In a rand-
omized, double-blind, controlled trial, we aimed to compare
the preliminary efficacy of DCS- versus placebo-augmen-
tation on primary (BDD symptom severity) and second-
ary (BDD-related insight, depression severity) outcomes
over 10 sessions of CBT in adults with BDD (N=26). We
also aimed to examine whether those receiving DCS would
respond to CBT more quickly, reflected by a greater number
of responders at mid-treatment (week 6) among participants
in the DCS condition compared to those in the placebo con-
dition. Lastly, given that DCS is hypothesized to enhance
fear (or distress)-based extinction learning, specifically, we
explored the possibility that DCS-augmentation might spe-
cifically impact BDD-related distress, examined separately
from other BDD symptoms (e.g., obsessions, rituals), at
mid-treatment, post-treatment, and follow-up.
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Methods
Participants

Participants included in modified intent-to-treat (ITT)
analyses were 26 adults with a primary DSM-IV diagno-
sis of BDD, who were randomly assigned to receive either
CBT plus DCS (n=12) or CBT plus placebo (n=14), and
who completed at least one treatment session in their ran-
domized condition (i.e., session 3). See Fig. 1 for a CON-
SORT diagram depicting participant enrollment and study
flow. To be eligible, participants had to be at least 18 years
old and score > 24 on the Yale-Brown Obsessive Com-
pulsive Scale Modified for BDD (BDD-YBOCS) (Phillips
et al. 1997). Participants were excluded if they were preg-
nant or breastfeeding, were taking medications that could
interfere with DCS or lower the seizure threshold (e.g.,
clozapine; pethidine), tested positive for non-prescribed
drugs of abuse, had a history of seizures or other serious
medical illnesses, or had comorbid alcohol dependence,
psychosis, bipolar disorder, borderline personality disor-
der, developmental disorder, or an organic mental disorder.
Participants were also excluded if they had current active
suicidal or homicidal intent, were in current psychother-
apy, or had not benefited from ten or more prior CBT ses-
sions. Participants taking psychotropic medications were
required to be on a stable dose for at least 2 months before
enrolling in the study, and medications were required to
remain stable throughout study treatment and follow-up.
Baseline demographic characteristics are described in
Table 1, and comorbid secondary psychiatric diagnoses
and medication status are reported in Table 2.

Procedures

Participants were recruited through the Massachusetts
General Hospital Obsessive Compulsive Disorder (OCD)
and Related Disorders Program and learned about the
opportunity to participate through calling the program’s
research or clinic phone lines. Following a full explana-
tion of study procedures, written informed consent was
obtained from all participants. Study clinicians trained
in assessing and providing CBT for BDD conducted all
assessments and treatment. Study clinicians included
licensed psychologists, postdoctoral fellows in clinical
psychology, pre-doctoral clinical psychology interns, and
Masters-level clinical psychology doctoral students. Study
clinicians met weekly for supervision with a licensed psy-
chologist specializing in CBT for BDD. All study proce-
dures were approved by the Massachusetts General Hos-
pital institutional review board.
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Assessments

To establish eligibility, participants completed an initial
diagnostic screening assessment with the trained study
clinician, which also included a urine drug screen to test
for opiates, phencyclidine, barbiturates, benzodiazepines,
cocaine, amphetamines, methamphetamine, and mari-
juana, a pregnancy test for females, and a medical screen-
ing by a study physician to evaluate whether use of DCS
was medically appropriate. Following the initial screening
visit, assessments were administered weekly (BDD sever-
ity, depression) or every 2 weeks (BDD-related insight) at
therapy sessions, post-treatment, and 1-month follow-up by
the study clinician. Participants also completed self-report
measures, including an assessment of depression severity.

Cognitive Behavioral Therapy

Following the screening assessment, eligible participants
completed a 90-min pre-treatment psychoeducation and

treatment planning visit. The study clinician explained the
cognitive behavioral model of BDD, helped the participant
to develop an individualized cognitive behavioral model
of his or her BDD symptoms, and explained the treatment
approach and rationale. The therapist and participant also
developed an exposure hierarchy. Subsequently, participants
completed 10 weekly 60-min CBT sessions. Sessions 1 and
2 focused on cognitive interventions—no DCS or placebo
pills were administered prior to these sessions. Sessions
3 through 10 focused on exposure with ritual prevention,
including incorporation of mirror retraining work, preceded
by study medication.

Medication Augmentation

The research pharmacy at Massachusetts General Hospital
maintained the double-blind design, by assigning partici-
pants to a treatment condition (CBT augmented with either
100 mg DCS or placebo) and dispensing study medications.
Participants were randomly allocated to a condition at a
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Table 1 Baseline demographic characteristics of the sample by treatment assignment

p-Cycloserine (n=12) Placebo (n=14) X p-value
M (SD) M (SD)
Age 23.92 (5.74) 29.07 (11.04) 1.41 0.17
Age of BDD onset 14.83 (3.69) 19.21 (12.57) 1.12 0.27
n (%) n (%)
Race 0.05% 0.99
American Indian/Alaska native 1(8.3) -
White 11 (91.7) 11 (78.6)
Black or African American - 1(7.1)
More than one race - 1(7.1)
Unknown or not reported - 1(7.1)
Ethnicity 0.02* 0.89
Hispanic or Latino 1(8.3) 2(14.3)
Sex 3.76* 0.052
Female 5(41.6) 12 (85.7)
Marital status 0.05% 0.98
Divorced 1(8.3) -
Married 2 (16.7) 3(21.4)
Single 9 (75.0) 11 (78.6)
Employment 1.62° 0.81
Working full-time 3(25.0) 4 (28.6)
Working part-time 2 (16.7) 3(214)
Student 4 (33.3) 1(7.1)
Unemployed 3(25.0) 4 (28.6)
Other - 2(14.3)
Education 0.29* 0.96
College 3(25.0) 6(42.9)
High school 4(33.3) 5(35.7)
Other 2 (16.7) 1(7.1)
Post-graduate 3(25.0) 2(14.3)

#Yates Chi square correction for continuity used for cell values <5

50/50 ratio, without stratifying by demographic or clinical
characteristics. The research coordinator administered the
study medication to participants 1 h before each exposure
session (sessions 3—10). Participants were instructed to
refrain from consuming alcohol 12 h prior to and 24 h after
receiving the study medication. Immediately before admin-
istering the study medication to participants, the research
coordinator administered a saliva test to confirm the absence
of alcohol in saliva.

Measures
Diagnostic Assessment
The Structured Clinical Interview for DSM-1V (SCID-I-RV)

(First et al. 2002) was administered by the clinician at the
screening visit, to evaluate diagnostic eligibility criteria. The
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SCID-I-RV is the gold-standard, semi-structured clinician-
administered diagnostic assessment for major DSM-IV psy-
chiatric illnesses. (First et al. 2002).

Primary Outcome

The Yale-Brown Obsessive Compulsive Scale modified for
BDD (BDD-YBOCS) (Phillips et al. 1997), a gold-standard
clinician-administered assessment of past-week BDD sever-
ity, was the primary outcome measure. The BDD-YBOCS
is semi-structured and has strong psychometric properties
including test-retest and inter-rater reliability, sensitivity
to change, and internal consistency (Phillips et al. 2014).
In the present sample, internal consistency at baseline was
adequate (Cronbach’s alpha=0.68). The BDD-YBOCS has
12 items, with total scores that range from 0 to 48; higher
scores reflect greater BDD symptom severity.
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Table 2 Clinical charailcteristics p-Cycloserine Placebo (n=14) X2 p-value
of the sample. at baseline by (n=12)
treatment assignment
n (%) n (%)
At least 1 comorbid diagnosis 8 (66.7) 10 (71.4) 0.027 0.87
Common comorbidities®
Major depressive disorder 4(33.3) 3(21.4) 0.06° 0.81
Dysthymia 2(16.7) 1(7.1) 0.02° 0.89
Obsessive compulsive disorder 1(8.3) 3(21.4) 0.14° 0.71
Medication
Taking psychotropics at baseline® 3(25.0) 9 (64.3) 2.59% 0.11
Stimulants - 2(14.3) 0.39° 0.53
Benzodiazepines 1(8.3) 2(14.3) 0.02° 0.89
SSRIs 3(25.0) 8 (57.1) 1.58° 0.21

SSRIs selective serotonin reuptake inhibitors

2Only lists disorders which have >10% prevalence in either treatment arm. Additionally, the following
DSM-IV comorbid diagnoses were also present in the sample (< 10%): social anxiety disorder, specific
phobia, posttraumatic stress disorder, generalized anxiety disorder, chronic tic disorder, panic disorder,
bulimia nervosa, binge eating disorder

®Yates Chi square correction for continuity used for cell values <5

“Some subjects reported more than one class of medication at baseline

Secondary Outcomes

We measured BDD-related insight with the gold-standard
Brown Assessment of Beliefs Scale (BABS) (Eisen et al.
1998). The BABS is a seven-item clinician-administered
semi-structured interview. Scores range from 0 to 24, with
higher scores corresponding with poorer insight (i.e., belief
that one’s appearance concerns are due to a true physical
defect, as opposed to BDD). A total score of > 18 plus a4 on
the item measuring conviction indicates delusionality. The
BABS has strong inter-rater reliability, test—retest reliability,
internal consistency, and construct validity (Phillips et al.
2013). In the present study, internal consistency was strong
at baseline (Cronbach’s alpha=0.82).

We measured depression severity with the self-report
Beck Depression Inventory-II (Beck et al. 1996). The total
score, calculated by summing the 21 items, ranges from 0
to 63. Higher scores indicate more severe depression symp-
toms, with scores > 20 indicating moderate to severe depres-
sion. The BDI-II is widely-used and well-validated, and in
the present study it demonstrated strong internal consistency
at baseline (Cronbach’s alpha=0.94).

Exploratory Outcome

Distress associated with BDD-related thoughts or actions
was measured with the BDD-YBOCS items 3 (“Distress
associated with thoughts about body-defect”) and 8 (“Dis-
tress associated with activities related to body defect”),

which were each rated on 5-point Likert scales ranging
from 0, indicating no distress, to 4, indicating extreme
distress. The two items were averaged for analysis.

Statistical Analyses

We used SAS software Version 9.4 to conduct analyses
(SAS Institute, 2016). We first visually inspected variables
for normality. Using ¢-tests for continuous variables and
Chi square tests for categorical variables, we examined
group differences in baseline demographic and clinical
characteristics, and we examined differences among par-
ticipants who did or did not complete the 1-month follow-
up assessment. Primary modified ITT analyses included all
participants who attended at least one post-randomization
exposure therapy visit (i.e., session 3 onward) in their
assigned treatment condition. We followed up modified
ITT analyses using last observation carried forward, which
yielded the same pattern of results and are therefore not
presented. If participants had <20% items missing on a
given scale, scale scores were calculated using person-
mean imputation; this affected 1.2%, 0%, and 3.3% of the
available BDD-YBOCS, BABS, and BDI-II scales, respec-
tively. Hedges’g (1981) was used as the measure of all
effect sizes. Hedge’s g uses the pooled standard deviation
weighted for sample size, to account for different sample
sizes between groups (Hedges and Olkin 1985). As this
was a pilot study with a small sample, no adjustments were
made for multiple comparisons.
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Group Differences in Treatment Response

To examine group differences in treatment response, we
conducted three mixed-model repeated-measures analyses
for the three dependent variables, respectively: (1) BDD
severity (BDD-YBOCS), (2) BDD-related insight (BABS),
and (3) depression severity (BDI-II) (Gueorguieva and
Krystal 2004). Condition (DCS, placebo), time (screen-
ing, treatment planning, therapy sessions [sessions 1-10
for BDD Y-BOCS and BDI-II; sessions 2, 4, 6, 8, 10 for
BABS], post-treatment, 1-month follow-up), and con-
dition-by-time interaction terms were included as fixed
effects, and repeated measures of participants were mod-
eled with a heterogeneous Toeplitz covariance structure.
Of note, all available time points for each outcome (i.e.,
up to 14 for BDD-YBOCS and BDI-II, up to 9 for BABS)
were included in mixed models, to increase power. Over-
all therapy effect (not treatment-specific) was evaluated
with a specific contrast of linear change in symptom sever-
ity estimates from screening through post-treatment. To
evaluate whether symptom changes varied by treatment
condition, we used specific contrasts to evaluate whether
linear change slopes in symptom severity from week 2
(last visit before DCS-augmentation) to post-treatment or
1-month follow-up differed between treatment conditions.
We also report simple treatment differences at mid-treat-
ment (week 6), post-treatment, and 1-month follow-up for
each outcome.

To parallel our primary mixed-effect analyses, we also
examined differences in responder status by condition at
post-treatment and 1-month follow up, using Chi-squares.
Responder status was defined as a>30% reduction in
BDD-YBOCS score (Phillips et al. 2014).

Early Response

To examine whether those in DCS-augmented CBT met
treatment responder status earlier than those in placebo-
augmented CBT, we examined differences in responder
status at week 6 (mid-exposure treatment) using Chi
square.

Treatment Effect on Subjective Distress

Finally, to examine whether participants in the DCS-aug-
mented CBT treatment reported greater changes in distress
associated with BDD-related thoughts or actions compared
to those in placebo-augmented CBT, we used repeated meas-
ures mixed models analogous to the model described for
the total BDD-YBOCS scores, using the average of BDD-
YBOCS items 3 and 8 as the outcome.
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Results
Preliminary Results

No serious adverse events were reported in either condi-
tion. Variables appeared normally distributed. No signifi-
cant differences were observed in demographic character-
istics, comorbidity, or medication status between groups at
baseline (see Tables 1, 2). No significant differences were
observed at baseline in demographic or clinical character-
istics between those who did versus did not complete the
1-month follow-up assessment (ps >.05).

Overall Therapy Effects

There was a significant overall effect of time (screening to
post-treatment) for each of the three outcome measures. Spe-
cifically, BDD severity [estimated mean change [95% CI];
—-9.90[-11.52, —8.28], t (df=49.1)=-12.27; p<0.001],
insight [-5.12 [—6.34, —3.90], ¢ (df=43.1)=—8.48;
p <0.001], and depression [—-5.04 [-7.12, —2.96], ¢
(df=33.4)=-4.93; p<0.001] each improved significantly
with large effects across 10 weeks of treatment (Table 3).

Group Differences in Treatment Response

To test our primary hypotheses, we examined treatment dif-
ferences in the linear change slopes in clinical outcomes
from week 2 (the last session before DCS augmentation)
to post-treatment and 1-month follow-up. We were unable
to detect any statistically significant treatment differences
in BDD symptom severity (Fig. 2), insight, or depression
severity up until either post-treatment (estimated slope dif-
ference [95%CI]; BDD-YBOCS: —1.41 [-5.12, 2.30], ¢
(df=38.7)=-0.77, p=0.447; BABS: —1.24 [-3.88, 1.40],
t (df=41.0)=-0.95, p=0.349; BDI-II: —1.74 [-5.97,
2.50], ¢ (df=40.3)=—0.83, p=0.412) or 1-month follow-up
(estimated slope difference [95%CI]; BDD-YBOCS: —1.90
[—5.84,2.05], t (df=36.2)=—0.98, p=0.336; BABS: 0.07
[—2.91,3.04], t (df =26.1)=0.05, p=0.964; BDI-II: —2.29
[—6.44, 1.86], r (df=38.1)=—1.12, p=0.271). Indeed, a
visual inspection of BDD-YBOCS scores by treatment con-
dition (Fig. 2) and a comparison of group means at various
time points throughout the treatment period (Table 3) dem-
onstrates that the two groups’ responses closely tracked one
another throughout the treatment.

To parallel the mixed model test of our primary out-
come, we also examined group differences in responder
status at post-treatment and 1-month follow-up. Chi square
analyses revealed no group differences in responder status
at post-treatment (Yates correction X?=0.10, p=0.75) or
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Table 3 Baseline, mid-treatment, and post-treatment scores

Outcome Placebo Active Between group effect Between group statistics®
Mean (SD) Mean (SD) size [95% CIJ*

BDD-YBOCS
Screening 30.36 (4.45) 31.75 (5.03) 0.28 [-0.49, 1.06] F(1,19.5)=0.35, p=0.56
Week 2° 27.64 (6.81) 30.08 (4.89) 0.39 [-0.39, 1.17] F(1,27.4)=1.17,p=0.29
Mid-treatment 20.85 (8.91) 21.75 (5.34) 0.12 [-0.67, 0.90] F(1,27.6)=0.33, p=0.57
Post-treatment 18.77 (10.03) 19.64 (6.80) 0.10 [-0.71, 0.90] F(1,25.4)=0.06, p=0.80
1-month follow-up 17.70 (9.17) 19.45 (6.25) 0.22 [-0.64, 1.08] F(1,23.6)<0.01, p=0.98

Within-tx effect size week 0 to post-tx®¢
Within-tx effect size week 2 to post-tx*¢

BABS
Screening
Week 2¢
Mid-treatment
Post-treatment
1-month follow-up

Within-tx effect size week 0 to post-tx®¢

Within-tx effect size week 2 to post-tx™9

BDI-II
Screening
Week 2¢
Mid-treatment
Post-treatment

1-month follow-up

Within-tx effect size week 0 to post-tx®¢

Within-tx effect size week 2 to post-tx*¢

BDD-YBOCS distress items
Screening
Week 2¢
Mid tx
Post tx
1-month follow-up

Within-tx effect size week 0 to post-tx®¢

Within-tx effect size week 2 to post-tx*¢

—1.47[-2.32,-0.62]
—-1.01 [-1.81,-0.21]

13.14 (5.64)

12.00 (5.94)

9.69 (5.06)

8.69 (6.98)

7.70 (5.83)

—0.68 [ 1.46, 0.09]
—0.50 [ 1.26, 0.27]

20.08 (13.14)
15.58 (12.08)

15.42 (12.77)

15.70 (12.75)

11.15 (12.48)
—0.33[—1.12, 0.46]
0.01 [-0.78, 0.79]

2.43 (0.55)
2.32 (0.75)

1.81 (0.75)

1.73 (0.86)

1.70 (1.06)
—0.95[—1.74, —0.15]
—0.71 [~ 1.49, 0.07]

-1.97[-2.96, -0.97]
—1.71 [-2.67, —0.76]

13.92 (3.63)

13.42 (4.98)

9.42 (3.80)

7.91 (4.21)

10.0 (5.39)

—1.48 [—2.40, —0.56]
—1.15[-2.03, —0.26]

22.55 (13.92)
17.33 (11.75)
13.37 (11.22)
11.27 (11.65)
11.45 (10.47)
—0.85[—1.72, 0.03]
—0.50 [~ 1.33, 0.33]

2.92 (0.36)
2.79 (0.54)
2.13 (0.68)
1.82 (0.68)
1.82 (0.68)
—1.98 [-2.97, —0.98]
—1.53 [=2.46, —0.60]

0.16 [-0.62, 0.93]
0.25[-0.52,1.02]
—0.06 [-0.84,0.73]
—0.13 [-0.93, 0.68]
0.39 [-0.47, 1.26]

0.18 [—0.63, 0.98]
0.14 [-0.64, 0.93]
—0.16 [-0.97, 0.64]
—0.35[=1.17, 0.48]
0.03 [—0.89, 0.94]

1.00 [0.19, 1.82]

0.69 [-0.11, 1.48]
0.43 [-0.36, 1.23]
0.11[-0.69,0.91]
0.13[-0.73,0.99]

F(1,22.5)=0.13, p=0.73
F(1,24.0)=0.43, p=0.52
F(1,25.9)<0.01, p=0.99
F(1,23.7)=0.02, p=0.88
F(1, 18.7)=0.77, p=0.39

F(1,21.7)=0.04, p=0.84
F(1,22.7)=0.12, p=0.73
F(1,24.2)=0.04, p=0.84
F(1,23.3)=0.43, p=0.52
F(1,21.5)=031, p=0.58

F(1,22.5)=5.08, p=0.03
F(1,27.0)=331, p=0.08
F(1,26.2)=2.16, p=0.15
F(1,26.2)=0.15, p=0.70
F(1,22.0)=0.06, p=0.81

BDD-YBOCS Yale-Brown Obsessive Compulsive Scale Modified for BDD, BABS Brown Assessment of Beliefs Scale, BDI-II Beck Depression
Inventory-II, #x treatment

*Effect sizes were calculated as Hedge’s g [95% CI]
bF-tests and p-values reported are based on model-based post-hoc group differences at each time-point indicated
‘DCS-augmentation started at week 3; week 2 is the last week without DCS augmentation

4Both the overall effect of treatment from screening to the end-of-treatment and the effect size from the start of DCS-augmentation (after week
2) to the end-of-treatment are presented to enable the comparison of overall treatment effects and treatment effects partially due to DCS-augmen-
tation

1-month follow-up (Yates correction X?=0.02, p=0.90).
Seven (58.33%) participants in the DCS condition and
eight (66.7%) participants in the placebo condition were
treatment responders at post-treatment.

Early Response

Chi square analysis revealed no group differences in
responder status at mid-treatment (Yates correction
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Fig.2 BDD Y-BOCS scores 35
by treatment condition from —m-CBT plus D-Cycloserine
baseline through 1-month
follow-up. BDD-YBOCS Yale- 30 CBT plus Placebo
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X?=0.04, p=0.84), suggesting that DCS-augmentation Discussion

did not yield early treatment response compared to pla-
cebo-augmented CBT for BDD. Examination of effect
sizes and differences in symptom scores likewise indi-
cated that no clinically meaningful differences emerged
in BDD severity between groups at mid-treatment (see
Table 3). Moreover, visual inspection of BDD-YBOCS
scores by condition over time suggest that both treatment
conditions responded to CBT at a similar rate (see Fig. 2).

Treatment Effect on Subjective Distress

Subjective distress associated with BDD-related thoughts
and activities decreased throughout the treatment period,
and the changes in distress associated with BDD-related
activities differed by treatment condition. Compared to
participants in the placebo treatment, participants in the
DCS-augmentation arm experienced greater decreases
in distress associated with BDD-related thoughts and
activities from week 2 (the last week before DCS aug-
mentation) to post-treatment (estimated slope difference
[95%CI]: —0.36 [—0.71, — 0.004], ¢t (df =35.4) =—2.05,
p=0.047) and to follow-up (—0.42 [-0.83, —0.01], ¢
(df=31.3)=-2.11, p=0.043). From week 2 to mid-
treatment (week 6), we were not able to detect any differ-
ence in the treatment change slopes (—0.17 [-0.51, 0.17],
t (df=79.7)=-1.00, p=0.319).

@ Springer

To the best of our knowledge, this study is the first to
test whether DCS augments response to CBT for BDD.
In light of mixed results in DCS-augmentation trials for
related disorders (Mataix-Cols et al. 2017), it is difficult
to draw inferences from the extant literature. Therefore,
we aimed to conduct the first preliminary efficacy trial
in BDD. Using a randomized, double-blind, placebo-con-
trolled design, results preliminarily suggest that overall,
DCS does not enhance BDD treatment effectiveness above
placebo. This result was consistent when examining BDD
severity, BDD-related insight, and depression severity as
outcomes, and when we followed up mixed-effects analy-
ses with examination of group differences in responder
status at post-treatment and 1-month follow-up. Moreo-
ver, this study extends that evidence to a novel clinical
use case. Very small between-group effects at mid-point
and examination of BDD-YBOCS scores by condition over
time also suggest that DCS did not yield early response
to CBT for BDD, compared to placebo. This finding is
consistent with meta-analysis results from DCS trials con-
ducted in anxiety disorders and OCD (Mataix-Cols et al.
2017).

It is possible that null primary and secondary results in
the present trial are attributable to the outcomes examined.
DCS is a cognitive enhancer hypothesized to augment
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fear-based extinction learning. To this end, most prior tri-
als have examined DCS augmentation of behavior therapy
for anxiety-related outcomes. It is possible that extinc-
tion learning mechanisms are less relevant when overall
BDD severity, depression, and BDD-related insight are
the treatment targets. Consistent with this hypothesis, it
is notable that the only significant finding in the present
study emerged with regard to our exploratory analysis
examining the effect of DCS- versus placebo-augmented
CBT on BDD-related distress, specifically. Results showed
that BDD-related distress reduced significantly more in the
DCS arm, compared to the placebo arm. Future trials that
seek to extend DCS research in BDD should further exam-
ine distress or anxiety-based outcomes as a primary target.

In light of the mixed findings across DCS augmentation
trials, researchers have more recently begun to consider
potential moderators of the effect of DCS on response to
behavior therapy (Otto et al. 2016; Hofmann et al. 2015;
Hofmann 2016). Andersson and colleagues (2015) found
that SSRI medication status moderated the effect of DCS on
response to behavior therapy, such that those taking SSRI
medications demonstrated an impaired response to treatment
in the DCS (but not placebo) condition compared to those
who were not taking SSRI medications (Andersson et al.
2015). As a result, a recent editorial called for examina-
tion of SSRI use as a moderator in DCS trials (Hofmann
2016). On the other hand, meta-analysis results did not find
a significant moderation effect for SSRI status across tri-
als (Mataix-Cols et al. 2017). Relatedly, researchers have
tested whether the success of exposure exercises moderates
the effect of DCS on response to behavior therapy. In other
words, DCS may enhance learning for both “successful”
and “unsuccessful” exposure exercises, such that the overall
benefits of DCS may wash out over time if given indiscrimi-
nately before each session (Hofmann 2016). One prior study
of DCS-augmented behavior therapy for SAD supports this
hypothesis, showing that DCS may be beneficial specifically
when paired only with “successful,” but not “unsuccessful,”
exposure sessions (Smits et al. 2013). In the present study,
power limitations prohibited us from testing these potential
moderation effects; however, moderation hypotheses merit
examination in future research.

The present study had several important strengths,
including use of a randomized, double-blind, and placebo-
controlled design, a sample diagnosed using gold-standard
clinician-administered assessments, and first examination of
DCS in a novel diagnostic group. Moreover, given the lim-
ited literature on BDD treatment more broadly, this study is
among the first published randomized clinical trials of CBT
for BDD in general. Given the preliminary nature of this
study, results should also be interpreted in light of limita-
tions. As an initial efficacy trial, the sample size was small
and we were underpowered. Thus, effect sizes may not be

reliable (e.g., they likely have large confidence intervals).
Use of mixed models that included up to 14 time points
per outcome increased power to detect effects. However, to
draw firm conclusions about the efficacy of DCS-augmented
behavior therapy for BDD, a larger trial would be needed. A
larger sample would also enable a more nuanced examina-
tion of moderators, as emphasized by Hofmann (2016). Sec-
ond, the same individuals served as clinicians and assessors.
All clinician-assessors and patients were blind to patients’
study condition (i.e., DCS, placebo). Thus, it is unlikely that
using the same study staff as both clinicians and blind asses-
sors influenced group differences in response to treatment.
On the other hand, it is possible that clinicians’ investment
in the success of their therapy may have influenced overall
assessment of response to treatment, across both conditions.
Thus, we should infer overall effect sizes for response to
CBT for BDD from studies that used randomization with
independent evaluators (e.g., Veale et al. 2014; Wilhelm
et al. 2014).

Altogether, there is mounting mixed evidence regarding
DCS-augmented CBT across psychiatric disorders. It is pos-
sible that DCS is not a useful method of augmenting the
speed or efficacy of behavior therapy. It is also possible that
DCS may only be effective in specific circumstances, such
as when given in the absence of SSRI medication (Anders-
son et al. 2015; Hofmann 2016), or when administered only
after “effective” exposure exercises (Hofmann et al. 2015;
Hofmann 2016; Smits et al. 2013). Moreover, it is possible
that DCS augmentation may be most useful in cases where
patients have difficulty consolidating learning. In this case,
DCS augmentation could be reserved for times when habit-
uation to standalone behavior therapy is not generalizing
sufficiently across sessions. As a next step building from
this research, it is important to consider alternative fruit-
ful avenues for enhancing treatment effectiveness in BDD.
For example, precision medicine efforts aimed at identifying
which treatments work best for whom may offer promise in
terms of enhancing treatment effectiveness for BDD in the
future.
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