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PREDICTORS OF APP-BASED CBT FOR BDD

Highlights

e Machine learning and regressions were used to examine predictors of app-CBT
for BDD

e Immediate CBT, credibility, and sexual minority status predicted better outcomes

e App-CBT may be particularly helpful for historically marginalized populations

e Making treatment more readily available and credible could improve outcomes
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Abstract
Background: Body dysmorphic disorder (BDD) is a severe, chronic disorder if
untreated. Smartphone cognitive behavioral therapy (CBT) for BDD is efficacious and
can reduce key treatment barriers (e.g., lack of clinicians, cost, stigma). While
promising, little is known about who is more or less likely to benefit from this approach.
Methods: This is a secondary data analysis of a randomized, walitlist-controlled trial of
smartphone CBT for BDD. Participants (N=80) were recruited nationally and
randomized to receive a 12-week, coach-guided CBT for BDD app, either immediately
or after a 12-week waitlist. The main outcome for this analysis was BDD severity (BDD-
YBOCS) over time (baseline, week 6, week 12) during the active app use phase in each
randomized group (n=74). Secondary outcomes included treatment response (>30%
reduction in BDD-YBOCS) and remission (total BDD-YBOCS <16) at end-of-treatment.
Results: Immediate (vs. delayed) CBT predicted better outcomes (symptom
improvement), as did gender identity (symptom improvement), higher baseline
treatment credibility and expectancy (response, remission), lower baseline BDD severity
(remission), and sexual minority status (vs. heterosexual; response, remission).
Limitations: Limitations include the relatively small sample, drop-out rate of 22%, and
limited gender and racial-ethnic diversity. Conclusions: These results highlight a
potential advantage of smartphone CBT in historically marginalized populations, and the
importance of efforts to hasten treatment access, bolster confidence in the treatment at
treatment onset, and develop stratified care models to optimize treatment allocation and
efficacy.

Keywords: body dysmorphic disorder; cognitive behavioral therapy; predictors; app;
digital mental health
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Predicting response to a smartphone-based cognitive-behavioral therapy for body
dysmorphic disorder
Introduction

Body dysmorphic disorder (BDD) is a severe mental disorder characterized by
excessive preoccupation with one or more perceived appearance flaws and time-
consuming appearance-related rituals intended to hide, fix, or check perceived flaws
(APA, 2013). BDD is common, affecting 1.7-2.9% of the general population, chronic,
and associated with significant impairment in psychosocial functioning, poor quality of
life, psychiatric comorbidity, and high rates of suicide (Angelakis et al., 2016; Buhlmann
et al., 2010; Koran et al., 2008; Phillips, 2000; Phillips et al., 2005; Schieber et al.,
2015).

Cognitive behavioral therapy (CBT) is the first-line psychological treatment for
BDD. Randomized controlled trials (RCTs) have demonstrated the efficacy of CBT for
BDD when delivered in face-to-face, internet, and smartphone-based app formats
(Enander et al., 2016; Harrison et al., 2016; Wilhelm et al., 2019; Wilhelm et al. 2022).
Yet, only 17.4% of individuals with BDD receive CBT (Marques et al., 2011). Digital
interventions for BDD, including internet-based and coach-guided smartphone-based
CBT for BDD, are scalable and cost-effective, thereby addressing many existing
barriers to treatment such as shortages of available clinicians, high cost, long wait
times, and stigma (Enander et al., 2016; Flygare et al., 2023; Wilhelm et al., 2022). The
relatively anonymous and flexible delivery format of app-based interventions for BDD
may also facilitate greater treatment readiness in those who would otherwise be

hesitant to establish care with a face-to-face provider and allows individuals to use skills
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when and where they need it most (Weingarden et al., 2020; Wilhelm et al., 2022). Still,
not all individuals will benefit equally from a smartphone-based intervention.
Understanding who is more or less likely to benefit from a light touch, coach-guided
smartphone-based CBT for BDD would facilitate more personalized and efficient
allocation of scarce clinical resources. Those who are more likely to benefit from this
light touch program could be diverted away from resource-heavy alternatives, whereas
those who are less likely to benefit from this format could be prioritized for face-to-face
treatment.

Existing research on predictors of CBT for BDD outcomes in face-to-face and
internet-based studies is limited and has yielded mixed results. Greater baseline
treatment credibility (Flygare et al., 2020; Phillips et al., 2021), treatment expectancy
and readiness to change (Greenberg et al., 2019), high working alliance (Flygare et al.,
2020), and obsessive compulsive personality disorder (Phillips et al., 2021) have
predicted better CBT outcomes in one to two studies each. In a secondary analysis of
data drawn from three studies of CBT for BDD (N=90), those with a significant early
reduction in BDD severity had a 92% chance of responding at end-of treatment;
however, importantly, minimal early symptom change was not indicative of eventual
non-response (Greenberg et al. 2022). Other studies have shown that worse CBT
outcomes were predicted by greater BDD severity (Flygare et al., 2020), depressive
symptom severity (Flygare et al., 2020), longer duration of BDD (Flygare et al., 2020),
poorer BDD-related insight (Greenberg et al., 2019; Neziroglu,et al., 2001) and use of
serotonin reuptake inhibitors (Phillips et al., 2021); however, an RCT of CBT versus

anxiety management for BDD found no evidence that any baseline predictors examined
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(duration of BDD, BDD-related insight, depression) significantly predicted outcomes
(Veale et al., 2014). Notably, a 2016 meta-analysis of seven RCTs of CBT for BDD and
a 2023 systematic review of predictors and moderators of treatment response in CBT
for BDD found no consistent predictors of treatment outcome across studies (Harrison
et al., 2016; Hogg et al., 2023). These mixed findings may be due to relatively small
sample sizes and methodological differences across studies, thereby underscoring the
need for continued and innovative investigation into who is most likely benefit from BDD
treatment and under what conditions.

Machine learning (ML) models are an underutilized but powerful approach to
increase this understanding. Despite ML’s ability to identify complex and non-linear
predictive patterns among variables that might be difficult to discover through human
inspection or traditional statistical analyses alone, all but one previous study (Flygare et
al., 2020) has relied on traditional regression models to examine predictors of CBT for
BDD outcomes. Non-linear ML models such as decision trees can also generate
decision rules (e.g., “rules-of-thumb”) that could be used to guide clinical decision
making. Thus, in addition to probing potential predictors of treatment outcomes using
traditional statistical models (e.g., linear regression), it is also important to begin
leveraging ML models in BDD research.

The current study examined predictors of smartphone app-based CBT for BDD
using data from a 12-week randomized, waitlist-controlled trial of Perspectives (N=74)
(Wilhelm et al., 2022) and is the first study of predictors of treatment outcomes in app-
delivered CBT for BDD. We used traditional (i.e., statistical) regression models as well

as machine learning approaches to examine a range of demographic, clinical, and
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treatment-related factors as potential predictors of symptom improvement during
treatment as well as for treatment response and remission at post-treatment. Given the
largely equivocal findings on predictors of CBT for BDD treatment outcomes evidenced
across delivery methods, our aims were exploratory, and we made no a priori
hypotheses. However, we did expect that higher levels of treatment
credibility/expectancy would be associated with larger improvements in BDD symptoms
because treatment credibility has emerged as a leading predictor of post-treatment
outcomes across psychotherapies (Constantino et al., 2018).
Methods

Overview and Study Design

This was a secondary analysis of data from a randomized, waitlist-controlled trial
of coach-guided, smartphone-delivered CBT for BDD (Perspectives; Clinicaltrials.gov ID
NCTO03673046). Participants (n=80) were randomly assigned to receive the 12-week
CBT for BDD app either immediately or after a 12-week waitlist. The present study uses
data from the active treatment phase of both groups (n=74). Detailed information about
study procedures, study aims, eligibility, and the treatment rationale and procedures are
described in the primary manuscript (Wilhelm et al., 2022).
Participants

Participants in this secondary data analysis included all participants randomized
to receive the immediate app-based CBT treatment (n=40), as well as those participants
who started app-based CBT after the 12-week waitlist and who had not achieved
remission status prior to starting treatment (n=34). Participants were adults with a

primary DSM-5 diagnosis of BDD, living in the United States, and recruited nationally
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from July 2019 through March 2021. Participants taking psychotropic medications were
required to be on a stable dose for at least two months before initiating the study.
Exclusion criteria included current severe substance use, severe depression, acute
suicidal ideation, lifetime bipolar or psychosis, concurrent therapy, or = 4 previous
sessions of CBT for BDD.
Procedures

Study procedures were approved by the Massachusetts General Hospital
institutional review board and participants gave informed consent prior to participation.
Participants were randomly assigned at a 1:1 ratio to receive the Perspectives app
immediately or after a 12-week wait and randomization was stratified by medication
status. Clinician-administered measures were conducted via secure video call by
blinded, doctoral-level independent evaluators and self-report measures were
completed via survey links to Research Electronic Data Capture (REDCap; Harris et al.,
2009). For those in the waitlist condition, we used baseline demographics and clinical
history data from the RCT-phase baseline assessment, but clinical symptom predictor
data from the end-of-waitlist (prior to beginning app-based CBT).
Measures

The Yale-Brown Obsessive-Compulsive Scale Modified for BDD (BDD-YBOCS;
Phillips et al. 1997; Phillips et al., 2014), a 12-item semi-structured clinician-
administered measure of past week BDD symptom severity, was the primary outcome
measure. BDD-YBOCS total scores range from 0-48, with higher scores indicating more
severe BDD. Internal consistency in the current sample was a=.76 at baseline.

Measures of baseline characteristics included demographics, the number of current
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psychiatric comorbidities (assessed with the Mini International Neuropsychiatric
Interview (MINI 7.02; Sheehan et al. 1998), BDD-related insight (measured by the
Brown Assessment of Beliefs Scale [BABS]; Eisen et al., 1998; Phillips et al., 2013;
current sample a=.78), depressive symptoms (Quick Inventory of Depressive
Symptomatology [QIDS-SR]; Rush et al., 2003; current sample a=.69), readiness to
change (University of Rhode Island Change Assessment Questionnaire [URICA];
McConnaughy et al., 1983; current sample a=.76 (pre-contemplation) to a=.89
(maintenance)), and treatment credibility and expectancy (Credibility and Expectancy
Questionnaire [CEQ]; Devilly & Borkovec, 2000; current sample a=.73 (credibility),
0a=.86 (expectancy)).
Treatment

All participants received Perspectives, a 12-week, coach-guided smartphone
app-based CBT for BDD (Wilhelm et al., 2020; Wilhelm et al., 2022) either immediately
or following a 12-week wait. Perspectives includes brief psychoeducation and
interactive, skills-based exercises covering the core components of CBT for BDD:
psychoeducation, cognitive restructuring, exposure and ritual prevention, mindfulness
and perceptual (mirror) retraining, improving self-esteem through core belief exercises
and enhancing valued activities, and relapse prevention. Treatment was facilitated by
bachelors-level coaches who were available to participants through asynchronous in-
app secure messaging. Coaches also conducted two, brief phone calls with participants:
one at baseline to orient participants to treatment and another at mid-treatment to
promote engagement and motivation and to answer questions. Participants were

instructed to use the app daily.
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Data Analyses

Data preparation and treatment group comparison. Demographic variables
and some clinical variables were recoded to binary variables for analyses as follows:
For gender identity, female vs. male and non-binary; for race and ethnicity, non-
Hispanic White vs. all other; for sexual orientation, heterosexual vs. all other; for
educational attainment we coded two binary variables, high school degree or less vs. all
other and post-college education vs. all others; for QIDS-SR depression scores we also
coded two binary variables, no or mild depression (QIDS-SR scores < 10) vs. all others
and severe and very severe depression (QIDS-SR scores = 16) vs. all others; for
psychotropic medication use, baseline use of serotonin reuptake inhibitor (SRI)
medication vs. not; two participants started SRIs while on the waitlist and at least one
month prior to delayed treatment and were both coded as using SRIs at baseline. For
comorbid psychiatric disorders, we coded a binary variable of 1 or more comorbid
diagnoses vs. none. Continuous variables were z-transformed prior to analysis to make
the model estimates more interpretable. To determine group differences between
participants in the immediate versus delayed app-CBT groups, we used independent
samples t-tests for continuous variables and either chi-square tests of independence (if
cell sizes 210) or Fisher’'s exact tests (if cell sizes <10) for categorical variables.

Definitions of outcome variables. The main outcome was BDD symptom
severity over time (treatment baseline, week 6, week 12), as measured by BDD-YBOCS
total scores. Secondary outcomes included binary treatment response and remission
status at end-of-treatment (week 12). Treatment response was defined as a 30% or

greater reduction in BDD-YBOCS scores from baseline to end-of-treatment (Phillips et

10
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al., 1997), and remission status as a total score of <16 on the BDD-YBOCS at end-of-
treatment. The remission definition combines partial and full remission (Fernandez de la
Cruz et al., 2019).

Missing data and multiple imputation strategy. Baseline data was missing for
two participants for BDD duration (2.7%), CEQ-credibility (2.7%), CEQ-expectancy
(2.7%), and for one participant for the URICA readiness to change (RTC) score (1.4%).
Seventeen participants had missing data for the BDD-YBOCS at one or both
assessments after the baseline assessment (11% (n=8) at week 6, 23% (n=17) at week
12). To account for missingness, we used multiple imputation with predictive mean
matching to produce 100 imputed datasets. The imputation model included the following
variables: all hypothesized predictor variables (see Table 1), treatment group, as well as
secondary outcome variables for depression, quality of life, and functional impairment
used in the main outcome paper (Wilhelm et al., 2022). Missing data models for
longitudinal outcomes used all prior and concurrent available data at any given
timepoint.

Statistical analyses. Using the imputed datasets, we performed screenings of
eighteen variables (including group assignment), one at a time, to identify variables that
moderated BDD-YBOCS symptom change (i.e., [moderator]*time interaction terms;
main outcome) or predicted treatment response or remission (secondary outcomes).
Variables that passed the screening step at p<.25 (Hosmer et al., 2013) were evaluated
for multicollinearity, and the final set of moderators or predictors (all with r<.6) was then
used in the final generalized linear mixed model (GLMM; main outcome) or multiple

logistic regression models (secondary outcomes). Each of the multiple moderator

11
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models was also adjusted for baseline values of each moderator predietor included.
Model estimates for each moderator or prediction model were estimated for each
imputed dataset and then combined using Rubin's method (Rubin, 1976, 2004).
Significance in the final model was evaluated at p<.05. Effect sizes (ES) of the
moderators were estimated as ES = Bv*12/SDggl, in which Bu was the estimated effect
of the moderator (yes/no for categorical moderator; 1 SD increase for continuous
moderator) on the weekly slope and SDgg was the standard deviation of BDD-YBOCS
scores at baseline in the combined sample; these effect sizes can be interpreted in the
same way as Cohen’s d. Baseline differences in BDD-YBOCS scores in different
moderator groups are presented as model-estimated marginal means (EMM) with 95%
confidence intervals. All analyses were conducted in SAS 9.4 for Windows.

Machine Learning Analyses. Using the imputed data sets, we separately
predicted treatment response and BDD remission status using two linear ML models
(logistic regression, support vector machines) and three non-linear ML models (k-
nearest-neighbors, decision trees, and random forests). We evaluate the algorithms
based on how accurately they predict performance (e.g., whether a participant remitted
during treatment) and interpretability (i.e., how readily a human can understand the
decisions made within the algorithm to arrive at a given prediction). We measured
performance using Area Under the ROC Curve (AUC), which is bounded between 0 and
1; an AUC of .5 indicates prediction performance at around chance levels, while higher
scores indicate better performance.

Seventeen variables were available as features that ML models could use for

prediction; the two depression binary variables were combined into one ordinal variable

12
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(low, moderate, and severe depression). All non-binary features were z-transformed.
We used a forward selection procedure to find the final set of features included in each
model, where new features were added one by one in a stepwise fashion until the AUC
did not increase by more than .05 with any one additional feature. We used this
threshold because each added feature increases the risk of overfitting, and we
reasoned that AUC increases smaller than 0.05 are unlikely to be clinically meaningful.
The order in which the feature set is selected can be interpreted as a rank order of
feature importance.

Each model was validated using a 5-fold cross-validation procedure (James et
al., 2013), which was repeated for each of the 100 imputed datasets, resulting in 500
AUC values. The mean of these values was the final AUC estimate for a given model
configuration. All models were implemented using the Scikit-Learn version 1.2.1 Python
library (Pedregosa et al., 2011).

Results

Participant Characteristics. Participants were predominantly female (85%,
n=63), White (73%, n=54), non-Hispanic (88%, n=65), and were on average 27.1(10.0)
(M(SD)) years old. Only one participant identified with a non-binary gender identity.
Forty-one percent (n=30) of the sample identified as a sexual minority, including
participants endorsing bisexual (24%), lesbian or gay (3%), or other (14%, including
unknown and choosing not to disclose) sexual orientations. Table 1 shows a
comparison of baseline characteristics between participants who were randomized to
receive app-based CBT immediately compared to those who received it after the 12-

week waitlist. More detailed sample characteristics are available in the main outcome
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paper (Wilhelm et al., 2022). Participants in the delayed CBT group were more likely to
be of a non-White race or of Hispanic ethnicity (p=.026) and provided slightly lower
credibility ratings for the app CBT treatment (p=.016) compared to those who were
randomized to receive the app CBT immediately (Table 1). Two participants changed
SRI medication during the treatment period: one stopped and one increased the dosage
of an SRI; both participants noted that these changes did not impact their BDD
symptoms.

Statistical Models. Of the eighteen moderators of symptom change screened,
eight moderated symptom change in univariate predictor models at a significance level
of p<.25 and thus were included in subsequent analyses. Gender identity other than
female (ES: -0.83; p=.175), sexual minority status (ES: -0.75; p=.092), racial or ethnic
minority status (ES: 0.67; p=.154), no or mild depression (ES: 0.63; p=.147), severe
depression (ES: -0.78; p=.175), greater treatment credibility (ES: -0.46; p=.048), greater
treatment outcome expectancy (ES: -0.40; p=.072) and being in the immediate app-
based CBT group (ES: -1.08; p=.014) were all univariately associated with greater BDD-
YBOCS improvements during treatment (Supplemental Table S1). Due to the moderate
to strong correlation between credibility and outcome expectancy ratings (r=.65;
Supplemental Table S2), we only selected one of these two variables for the multiple
moderator model and chose treatment credibility due to its slightly stronger association
with the outcome (Supplemental Table S1). In the multivariable moderator model that
combined the remaining seven moderators, both being in the immediate treatment
group and non-female gender identity remained significant moderators of BDD symptom

change over time. Being in the delayed treatment group (after a 12-week waitlist period)

14
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was associated with significantly lower BDD symptom severity at treatment baseline
(EMM [95%Cl]: -8.3 [-5.4, -1.2], ES=0.75, p=.003) and smaller BDD symptom
improvements (less negative symptom slopes; ES=0.91, p=.036; Table 2) than being in
the immediate app-based CBT group. Participants with a non-female gender identity
experienced a greater improvement in BDD-YBOCS symptoms (ES=-1.20, p=.034;
Table 2); we were unable to detect a baseline difference between people with female or
non-female gender identities (EMM [95%ClI]: 0.2 [-2.6, 3.0], p=.866, ES=0.066).

In the logistic regression models predicting treatment response, seven of the
eighteen examined predictors were univariately associated with treatment response at a
significance level of p<.25 and thus were included in subsequent analyses. Gender
identity other than female (OR [95% CIl]: 6.15 [0.69, 55.16], p=.104), sexual minority
status (OR [95% CI]: 3.08 [0.96, 9.88], p=.058), higher ratings for treatment credibility
(OR [95% Cl]: 1.75 [0.94, 3.26], p=.081), and higher ratings for treatment outcome
expectancy (OR [95% CIl]: 1.66 [0.92, 2.96], p=.090) were univariately associated with
greater odds of treatment response by end of treatment (Supplemental Table S1). Age
(OR [95% CI]: 0.74 [0.45, 1.22], p=.240), BDD duration (OR [95% CI]: 0.73 [0.44, 1.23],
p=.237), and being in the delayed treatment group (OR [95% CIl]: 0.52 [0.18, 1.55],
p=.242) were associated with lower odds of treatment response (Supplemental Table
S1). Due to the high correlation between credibility and expectancy noted above, we
selected credibility as the only of these two variables for the multivariable predictor
model. Similarly, age and BDD duration were highly correlated (r=0.91), and we chose
BDD duration for the multivariable predictor model. In the multivariable predictors model

of treatment response, only sexual minority emerged as a significant predictor, such that

15
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participants with sexual minority status were more likely to experience a treatment
response by end of treatment than other participants (OR [95% CI]: 3.98 [1.00, 15.78],
p=.049; Table 2).

In the logistic regression models predicting remission from BDD symptoms, three
of the eighteen examined predictors were univariately associated with symptom
remission at a significance level of p<.25 and thus were included in subsequent
analyses. Higher ratings for treatment credibility (OR [95% Cl]: 2.22 [1.02, 4.86];
p=.046) and higher ratings for treatment outcome expectancy (OR [95% ClI]: 1.61 [0.92,
2.82]; p=.094) were univariately associated with greater odds of BDD symptom
remission by end of treatment (Supplemental Table S1). Higher baseline BDD symptom
severity was univariately associated with lower odds of symptom remission (OR [95%
Cl]: 0.54 [0.30, 0.98]; p=.044). As before, we selected credibility over expectancy for the
multivariable predictor model. In the multivariable predictors model of BDD symptom
remission, both treatment credibility and baseline BDD symptom severity predicted
remission, such that higher treatment credibility increased the odds of remission, while
higher baseline BDD symptom severity decreased the odds of remission (Table 2).

Machine Learning Models. All ML models demonstrated AUC estimates well
above the 0.5 chance level for predicting both response and remission. The different
models evidenced relatively similar performance (AUCs ranging .61 to .73), with logistic
regression, support vector machines, and random forests tending to perform the best
overall (Table 3).

Treatment credibility was always the first chosen feature out of the forward

selection procedure used across all models and for both outcomes (Table 3). This
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suggests that treatment credibility is the most important, informative single variable for
guiding predictions about treatment response and remission in our data, regardless of
ML model choice. There was variation among the models regarding the features chosen
after credibility. For predicting response, gender identity was selected as the second or
third feature by all five model types and added more than 0.05 to the AUC in all except
the logistic regression model; sexual minority status was only selected by two of these
models but added 0.08 and 0.09 to the AUC when selected. For predicting remission,
treatment credibility was the sole feature in three of the five models. However, baseline
BDD-YBOCS and post-college education evidenced some predictive value depending
on the model type.

Finally, although decision trees were not the highest-performing models in terms
of overall AUC, decision trees trained to predict treatment response offered a novel,
clinically interpretable insight. In a simplified decision tree model of treatment response
with only credibility as a predictor (which decreased AUC by .053 compared to the
model presented in Table 3), this algorithm consistently chose two decision thresholds
on the credibility scale: scores above 22 strongly predicted treatment response (OR
[95% CI]: 16.44 [.94, 286.39]) and remission (OR [95% Cl]: 10.03 [ 1.276, 78.90]), while
scores of 16 or lower predicted non-response (OR [95% CIl]: 0.30[0.091, 1.01]), and
non-remission (OR [95% CI]: 0.31 [0.083, 1.14]). Intermediate scores (17-22) did not
yield accurate predictions using credibility scores alone. See Figure 1 for a detailed
visualization.

Discussion
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In this exploratory analysis of predictors of treatment outcomes following 12-
weeks of app-based CBT for BDD, we identified receiving treatment immediately and
non-female gender identity as moderators of BDD symptom improvement, sexual
minority status as a predictor of treatment response and trend-level moderator of BDD
symptom improvement, and treatment credibility and baseline BDD symptom severity
as predictors of remission in statistical models. In machine learning models, baseline
treatment credibility was the most informative feature in predicting treatment outcomes;
clinically meaningfully high and low credibility scores were also uncovered. No other
variables examined moderated or predicted symptom improvement across analyses.
Predictors of Better App-based CBT for BDD Outcomes

While not significant in all statistical models, treatment credibility and expectancy
were consistent univariate outcome moderators or predictors at a trend-level for all
three outcomes (i.e., BDD symptom improvement, treatment response, and remission).
Our finding that greater treatment credibility and expectancy predicted better outcomes
is consistent with prior studies examining predictors of BDD outcomes in trials of face-
to-face CBT versus waitlist (Greenberg et al., 2019), face-to-face CBT versus
supportive psychotherapy for BDD (Phillips et al., 2021), and internet-based CBT for
BDD versus internet-based supportive psychotherapy for BDD (Flygare et al., 2020).
Although credibility was only significantly associated with remission in our multivariable
statistical models, ML results found that credibility was the most important feature for
correctly determining which participants were most likely to respond favorably and remit.
This result is promising, because treatment credibility has been shown to be

independently modifiable (Arch et al., 2015). The apparent importance of treatment
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credibility is also encouraging from a treatment access perspective; early research
suggests that digital CBT for BDD is regarded as similarly credible to in-person CBT for
BDD (Bernstein et al., 2023). Notably, results from our decision tree ML model also
offered clinically actionable guidelines with respect to pre-treatment credibility ratings:
credibility scores at or below 16 on the CEQ were associated with an increased
likelihood of non-response, while scores above 22 were associated with an increased
likelihood of treatment response. Thus, for people with low credibility scores at
treatment onset, additional efforts to increase their belief in the treatment’s efficacy by
building in onboarding materials that emphasize the treatment’s efficacy through data
and user testimonials may be helpful. Overall, our findings underscore the importance of
pre-treatment credibility and, although our design prevents causal claims, suggest that
enhancing treatment credibility prior to treatment onset may improve post-treatment
outcomes.

Receiving app-based CBT for BDD immediately, as compared to delayed
treatment after a 12-week waiting list, was associated with greater reductions in BDD
symptom severity, even when included among other significant moderators. Of note, the
delayed treatment group tended to have slightly lower BDD-YBOCS scores at baseline
(p=.068) and a slightly larger proportion of participants of racial-ethnic minorities
(p<.026). Thus, it is possible this effect may be explained by a delayed group sample
that was less acutely severe and therefore had less room for improvement. Structural
inequities in health care leading to understandably lower trust in mental health care
interventions among People of Color (McGuire & Miranda, 2014) may also be relevant

to this finding—especially given that the delayed group also reported significantly lower
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treatment credibility at baseline (p<.016). However, it is also possible that motivation,
insight, or other practical considerations (e.g., availability, commitment) may wane over
time in treatment-seeking individuals having to wait long periods before receiving
treatment. Indeed, delayed treatment emerged as a significant predictor even after
including treatment credibility as a simultaneous predictor. This finding is important,
given that treatment-seeking individuals often wait long periods between the time of
seeking and receiving treatment. Thus, hastening access may be critical to maximizing
treatment outcomes.

We also found that non-female gender identity was associated with greater BDD
symptom improvement and self-reported sexual minority status (e.g., gay, lesbian,
bisexual, other; 41% of the sample) was associated with greater BDD symptom
improvement (single-moderator model only) and treatment response (multivariable
logistic regression model). Digital health interventions, including smartphone-based
apps, have been highlighted as a key pathway to improving healthcare disparities
among historically non-help-seeking (e.g., non-female gender) and marginalized
populations, such as sexual minority individuals. People who identify as a sexual
minority tend to already be adept, pervasive users of digital technologies to explore their
identities, seek out like-minded peers, and access resources (Gilbey et al., 2020;
Lucassen et al., 2014). In addition to being cost-effective, self-guided smartphone-
based apps afford greater privacy and minimize stigma when accessing care, are
available whenever and wherever users need them, and empower users by providing
greater control over their own care (Aguilera, 2015; Bowen et al. 2016; Gilbey et al.,

2020; Yousaf et al., 2015). This is especially important for people who identify as sexual
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minority identities, and other historically marginalized populations, who are less able to
access safe, affirming, and adequate mental health services. More data is needed to
see if this level of treatment uptake and enhanced positive treatment outcomes can be
replicated in larger samples or with other app-based psychological interventions.

In univariate predictor and moderator models, racial-ethnic minority status and
mild and moderate depression were significantly associated with greater BDD symptom
improvement, and age and BDD duration were associated with lower odds of remission;
however, none of these remained significant in multivariable models. Depression has
emerged as a significant predictor of outcome in some, but not all studies, with greater
baseline depression associated with poorer outcome (Hogg et al., 2023). Prior studies
have not found age or racial-ethnic minority status to predict BDD outcome (Hogg et al.,
2023). These discrepant findings may be due to relatively small sample sizes in other
studies or methodological differences; the current study used a digitally-based treatment
with national recruitment, which may have helped to enhance age and racial-ethnic
minority status diversity.
Potential Predictors Yielding Null Effects

Despite some previous findings to the contrary (e.g., Greenberg et al., 2019;
Neziroglu et al., 2001; Phillips et al., 2021), BDD-related insight, readiness to change, or
SRI use did not moderate symptom improvement or predict treatment response or
remission. Education or baseline comorbidity also did not moderate symptom
improvement or predict treatment response or remission. It may be that these
relationships exist in our data but are too weak to be detected in our somewhat small

sample. However, we were primarily interested in identifying the strongest predictors of
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CBT for BDD outcomes, because those are likely to best inform clinical decision
making.

Promisingly, results from the current study also suggest that individuals
regardless of their baseline severity can achieve treatment response with app-based
CBT for BDD; however, those with greater BDD severity may require more intensive or
longer interventions to achieve remission status. Earlier studies of face-to-face CBT for
BDD have shown continued, linear progress and more robust response and remission
rates with longer vs. shorter treatment duration (Greenberg et al., 2022; Weingarden et
al., 2021; Wilhelm et al., 2019). It is also possible that those with greater BDD severity
would benefit more quickly with adjunctive support from a clinician either instead of or
alongside an app-based CBT. Additional research is needed to facilitate a stratified care
model for BDD as has been tested in depression and anxiety (Wolitzky-Taylor et al.,
2023).

Limitations

Limitations of the current study included a relatively small sample (especially for
our ML models) and a drop-out rate of 22%, which limited the power available to detect
moderators and predictors. In addition, we ran 18 univariate tests for each of our three
treatment outcomes with an alpha of .25, making it highly plausible that we would
observe a false positive. However, all the moderator and predictor variables chosen
were based on prior research or of clinical relevance. Once identified in univariate
models, we kept all potential moderators and predictors in their respective multivariable
models even if no longer significant to avoid over-identifying spurious predictors. Based

on this inclusivity-vs-specificity trade-off, we consider our analyses to be more
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exploratory in nature than confirmatory, and any moderator or predictor identified in
these analyses warrants further investigation. Our sample was also limited in diversity
with respect to non-female gender identities and minority racial-ethnic backgrounds.
Due to low prevalence, we grouped one person identifying with a non-binary gender
identity with male gender identities, all non-heterosexual sexual orientations together,
and all non-White and Hispanic ethnic/racial backgrounds together, respectively, in
analyses. While this decision allowed us to explore whether belonging to any
minoritized group along a given identity dimension was associated with different
treatment responses, more research is needed to examine potential differences in
treatment outcomes between patients holding different racial, ethnic, or sexual
orientation identities.
Conclusion

App-based CBT for BDD is a promising solution for closing the access to care
gap. Coach-guided smartphone-based CBT for BDD is efficacious, even for very ill
patients, and apps can be accessed widely and at little cost, preserving more scarce
and costly clinician time for individuals who may not respond to app-based treatment.
App-based CBT for BDD may be particularly helpful when accessed immediately and by
historically non-help-seeking (e.g., non-female gender) and marginalized communities,
including individuals who identify as sexual orientation minorities. Treatment developers
and those providing human support alongside the app should make efforts to enhance
treatment credibility, as greater credibility robustly predicted better outcomes. Additional
studies are needed to further understand predictors and moderators of treatment

outcomes, including understanding the varying levels of support (self-guided, coach-
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guided app, clinician) needed for different patients to maximize personalized, effective

treatment of BDD.
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Table 1. Baseline characteristics of participants with body dysmorphic disorder enrolled
in an app-based CBT treatment study.

Immediate app- Waitlisted app-

CBT CBT
Variable n=40 n=34 p
Demographics
Age, y, mean (SD) 27.8 (9.9) 26.2 (10.2) 0.505
Male and other 2, % (n) 10.0 (4) 20.6 (7) 0.326
Non-White race or Hispanic ethnicity, % (n) 25.0 (10) 50.0 (17) 0.026
Sexual minority, % (n) 40.0 (16) 41.2 (14) 0.918
Education, % (n)
<= High school graduate 20.0 (8) 17.7 (6) 1.000
Graduate or professional school 25.0 (10) 26.5 (9) 1.000
Clinical Characteristics
BDD-YBOCS total score, mean (SD) 29.9 (4.0) 28.0 (4.7) 0.068
BABS total score, mean (SD) 15.1 (3.2) 13.5 (4.6) 0.095
QIDS-SR, % (n)
No/Mild depression 47.5 (19) 50.0 (17) 0.830
Severe/Very severe depression 17.5 (7) 11.8 (4) 0.533
BDD duration, y, mean (SD) 14.0 (9.9) 12.8 (12.3)  0.639
Any comorbidity, % (n) 67.5 (27) 67.7 (23) 0.989
SRl use, % (n) 22.5(9) 29.4 (10) 0.596
Treatment Expectations and Experience
CEQ expectancy total score, mean (SD) 14.8 (4.6) 13.7 (4.6) 0.320
CEQ credibility total score, mean (SD) 19.4 (3.5) 17.1 (4.6) 0.016
URICA RTC, mean (SD) 10.2 (1.3) 9.6 (1.9) 0.135
COVID-19 Impact
BDD symptom worsening, mean (SD) -0.03 (1.1) 0.3 (1.0) 0.199

Notes: 2 includes 12 males and 1 genderqueer or nonbinary person; CBT = cognitive
behavioral therapy; BDD-YBOCS = Body Dysmorphic Disorder modification of the Yale-
Brown Obsessive Compulsive Scale; BABS = Brown Assessment of Beliefs Scale;
QIDS-SR = Quick Inventory of Depressive Symptomatology, self-report; BDD = body
dysmorphic disorder; SRI = Serotonin reuptake inhibitor medication; CEQ = Credibility
and Expectancy Questionnaire; URICA RTC = University of Rhode Island Change
Assessment Scale readiness to change index; missing data: BDD age of onset (n=2),
treatment credibility & expectancy (n=2), URICA (n=1).

36

Downloaded for Anonymous User (n/a) at University of Wisconsin-Milwaukee from ClinicalKey.com by Elsevier on March
29, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



PREDICTORS OF APP-BASED CBT FOR BDD

Table 2. Summary of final models examining moderators of body dysmorphic disorder
symptom change, treatment response, or remission with multiple independent variables.

Outcom Estimate
e Moderator/Predictor a [95% CI] ES »p
BDD-YBOCS change over time (baseline to week
12)
0.03
Group (delayed vs. immediate app-CBT) 0.33 [0.02,0.65] 0.91 6
Gender identity (male & other vs. [- - 0.08
female) -0.44 0.84,-0.03] 1.20 4
[- - 0.05
Sexual minority (yes vs. no) -0.30 0.60,0.01] 0.81 7
- 0.44
Racial or ethnic minority (yes vs. no) 0.12 0.19,0.44] 0.33 9
[- 0.33
No or mild depression (yes vs. no) 0.16 0.16,0.47] 0.43 1
[- - 038
Severe depression (yes vs. no) -0.18 0.60,0.23] 0.50 8
- - 0.16
Treatment credibility (1 SD increase) -0.12 0.29,0.05] 0.33 1
Treatment response, week 12 (end of treatment)
0.31
Group (delayed vs. immediate app-CBT) 0.52 [0.14,1.87] 6
Gender identity (male & other vs. 107.92 0.06
female) 9.60 [0.85,] 7
0.04
Sexual minority (yes vs. no) 3.98 [1.00, 15.78] 9
0.61
BDD duration (1 SD increase) 0.85 [0.45, 1.61] 9
0.15
Treatment credibility (1 SD increase) 1.78 [0.80, 3.95] 7
Remission, week 12 (end of treatment)
0.03
Treatment credibility (1 SD increase) 2.36 [1.07,5.21] 4
0.03
BDD-YBOCS total score (1 SD increase) 0.49 [0.25, 0.94] 3

Notes: 2 Estimates are regression coefficients for moderator effects in the model with
BDD-YBOCS scores over time as the outcome and odds ratios for the outcomes

treatment response and remission; Cl = Confidence Interval; ES = effect size,

calculated for moderator effects only; BDD-YBOCS = Body Dysmorphic Disorder
modification of the Yale-Brown Obsessive Compulsive Scale; CBT = cognitive
behavioral therapy. Continuous variables were z-transformed prior to analysis, so that

estimates reflect the effect of a one standard deviation change in the moderator or

predictor.
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Table 3. Machine learning models predicting treatment response and remission

Response
Max tree
Model type AUC depth Features in order of forward selection
Logistic
Regression 0.726 N/A credibility, sexual minority status
credibility, sexual minority status, gender
SVM 0.733 N/A identity, BABS
Decision Tree 0.696 5 credibility, gender identity
Random Forest 0.723 5 credibility, gender identity
KNN 0.682 N/A credibility, gender identity
Remission
Max tree
Model type AUC depth Features in order of forward selection
Logistic
Regression 0.697 N/A credibility
SVM 0.718 N/A credibility, BDD-YBOCS
Decision Tree 0.616 2 credibility
Random Forest 0.709 4 credibility
KNN 0.688 N/A credibility, post-graduate education status

Notes: SVM = Support Vector Machines; KNN = K-Nearest-Neighbors; AUC = Area
under the ROC Curve (average); BABS = Brown Assessment of Beliefs Scale; BDD _-
YBOCS = Body Dysmorphic Disorder modification of the Yale-Brown Obsessive
Compulsive Scale. The highest AUC value is in bold for each outcome. The right-most
column shows the features chosen by forward selection in the order in which they were
selected (can be thought of as a rank order list in terms of feature importance). All
models were implemented using Scikit-learn. Max tree depth is a tuned decision
tree/random forest hyperparameter that limits the maximum number of sequential binary
decisions allowed in the learned tree(s). At each forward selection step, max tree
depths of 1-6 were tried for decisions trees (and 2-7 for random forests), with the best
model used for decisions about variable choices and stopping the forward selection.
Logistic regression used the “liblinear” solver in Scikit-learn. All other model
hyperparameters were set to the default values for model classes in Scikit-learn version
1.2.1 (documentation accessible at https://scikit-learn.org/1.2/).
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Figure 1. Analysis of a decision tree classification strategy using only a single threshold

on treatment credibility
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Supplemental Table 1. Univariate tests of baseline moderators of body dysmorphic disorder (BDD) symptom change over time
or predictors of treatment response or BDD symptom remission.
Predictor: Predictor:
Treatment response at BDD remission at week
Moderator: BDD-YBOCS change week 12 12

Predictor/moderator Estimate [95% CI] ES Pr> |t OR [95% CI] Pr>|tf OR [95%CI] Pr> |t
Age -0.005 [-0.159,0.150] -0.010.954 0.74 [0.45,1.22] 0.240 0.78 [0.46,1.33] 0.355
Male or other gender identity?  -0.304 [-0.744,0.136] -0.83 0.175 6.15 [0.69,55.16] 0.104 2.24 [0.49,10.27] 0.299
Racial or ethnic minority 0.245 [-0.092,0.582] 0.67 0.154 0.85 [0.28, 2.60] 0.775 0.54 [0.17,1.67] 0.282
Sexual minority -0.276 [-0.597,0.045] -0.750.092 3.08 [0.96, 9.88] 0.058 1.64 [0.55,4.86] 0.371
Highschool education or less 0.134 [-0.272,0.539] 0.36 0.518 0.93 [0.25, 3.43] 0.907 0.63 [0.16,2.50] 0.508
College education or more 0.024 [-0.349,0.397] 0.07 0.900 1.12 [0.33, 3.86] 0.857 1.09 [0.33,3.62] 0.883
BDD duration -0.004 [-0.161,0.153] -0.01 0.957 0.73 [0.44,1.23] 0.237 0.79 [0.46,1.36] 0.391
Mild depression 0.231 [-0.081,0.542] 0.63 0.147 0.76 [0.26, 2.18] 0.605 1.74 [0.62,4.90] 0.295
Severe depression -0.288 [-0.704,0.128] -0.78 0.175 1.53 [0.36, 6.54] 0.563 0.75 [0.19,2.95] 0.680
Treatment credibility -0.168 [-0.335, -0.002] -0.46 0.048 1.75 [0.94, 3.26] 0.080 2.22 [1.02,4.86] 0.046
Treatment expectancy -0.145 [-0.304,0.013] -0.400.072 1.66 [0.92,2.96] 0.090 1.61 [0.92,2.82] 0.094
URICA readiness to change -0.073 [-0.245,0.100] -0.20 0.409 1.15 [0.64, 2.06] 0.639 1.31 [0.69,2.51] 0.405
Worse BDD due to COVID-19 0.022 [-0.143,0.188] 0.06 0.792 0.83 [0.48, 1.42] 0.491 0.84 [0.49,1.46] 0.542
SRI medication use -0.104 [-0.471,0.263] -0.280.579 1.47 [0.42,5.17] 0.550 0.76 [0.23,2.49] 0.649
Any current comorbid diag. (vs. 0) -0.156 [-0.496,0.183] -0.43 0.367 1.38 [0.46, 4.10] 0.565 1.77 [0.58,5.41] 0.318
BDD-YBOCS total score n/a n/a nl/a na 1.19 [0.70, 2.03] 0.527 0.54 [0.30,0.98] 0.044
BABS total score -0.083 [-0.245,0.078] -0.230.311 1.34 [0.78, 2.33] 0.291 0.84 [0.49,1.44] 0.525
Delayed treatment group 0.396 [0.082,0.711] 1.08 0.014 0.52 [0.18, 1.55] 0.242 0.60 [0.21,1.74] 0.349

Note: BDD-YBOCS = Body Dysmorphic Disorder modification of the Yale-Brown Obsessive Compulsive Scale; BABS = Brown
Assessment of Beliefs Scale; ES = effect size, calculated for moderator effects only; diag. = diagnosis. Moderators of symptom
change (BDD-YBOCS change models) or predictors of outcomes (treatment response or remission at week 12 models) are bolded if
they were significant at p<.1. Continuous variables were z-transformed prior to analysis, so that estimates reflect the effect of a one
standard deviation change in the predictor.
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Supplemental Table 2. Correlations between baseline variables examined as moderators of body dysmorphic disorder
symptom severity change or predictors of treatment response or remission.

Baseline variable 1 2 3 4 5 6 7 8 9
1 Age
2 Male or other gender identity  -0.10
3 Racial or ethnic minority -0.36 ** 0.00
4 Sexual minority -0.27* -0.07 -0.09

5 Highschool education orless  -0.36 ** 0.35 0.36 041~
6 Graduate or professional school 0.18 -0.16 -0.34 0.03 -0.98n/a

7 BDD duration 0.91***-0.15 -0.40***-0.14 -0.27* 0.15

8 Mild depression -0.07 0.39 0.08 -0.23 0.15 0.08 -0.05

9 Severe depression 0.20 -0.18 -0.33 -0.23 -0.97n/a-0.38 0.13 -0.99n/a
10 Treatment credibility -0.09 0.02 0.05 -0.09 -0.04 -0.08 -0.12 -0.12 0.08
11 Treatment expectancy -0.03 0.16 0.08 -0.05 0.20 -0.02 -0.11 -0.24* -0.08

12 URICA readiness to change 0.15 0.00 -0.03 -0.02 -0.02 0.03 0.15 -0.20 0.05
13 Worse BDD due to COVID-19 -0.14  -0.07 0.25 0.36 ** 0.45** -0.02 -0.15 0.02 -0.02

14 SRI medication use -0.05 0.03 0.22 0.24 -0.09 0.14 -0.09 -0.34 0.20
15 Any current comorbid diagnoses -0.10 0.09 0.08 0.17 -0.06 -0.10 -0.12 -0.22 048~
16 BDD-YBOCS total score 0.27* -0.16 -0.01 0.00 -0.13 -0.14 0.24*-0.37** 0.41**
17 BABS total score 0.08 -0.16 -0.12 -0.06 0.00 0.09 0.10 -0.12 0.29 *
18 Delayed treatment group -0.08 0.28 0.40* 0.02 -0.05 0.03 -0.06 0.04 -0.16

Notes: * = p<.05, ** = p<.01, *** = p<.001; BDD = body dysmorphic disorder; URICA = University of Rhode Island
Change Assessment Scale; SRI = Serotonin reuptake inhibitor medication; BDD-YBOCS = Body Dysmorphic Disorder
modification of the Yale-Brown Obsessive Compulsive Scale; BABS = Brown Assessment of Beliefs Scale; correlation
coefficients were based on Pearson correlation for correlations between two continuous measures or continuous
measures and ordinal measures (i.e., worse BDD due to COVID-19), point biserial correlations for correlations between
continuous variables with binary variables, and tetrachoric correlations for correlations between binary variables.
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Supplemental Table 2 (Continued). Correlations between baseline variables examined as moderators of body
dysmorphic disorder symptom severity change or predictors of treatment response or remission.
Baseline variable 10 11 12 13 14 15 16 17
1 Age
2 Male or other gender identity
3 Racial or ethnic minority
4 Sexual minority
5 Highschool education or less
6 Graduate or professional school
7 BDD duration
8 Mild depression
9 Severe depression
10 Treatment credibility
11 Treatment expectancy 0.65 ***
12 URICA readiness to change 0.45 *** 0.39 ***
13 Worse BDD due to COVID-19  -0.01 0.03 -0.08

14 SRI medication use 0.11 0.17 0.03 0.24

15 Any current comorbid diagnoses 0.16 0.09 0.14 0.10 0.52**

16 BDD-YBOCS total score 0.03 -0.07 -0.07 0.16 0.04 0.05

17 BABS total score -0.08 -0.18 -0.22 -0.02 -0.05 -0.07 0.47***

18 Delayed treatment group -0.28* -0.12 -0.18 0.20 0.13 0.00 -0.21 -0.20

Notes: * = p<.05, ** = p<.01, *** = p<.001; BDD = body dysmorphic disorder; URICA = University of Rhode Island
Change Assessment Scale; SRI = Serotonin reuptake inhibitor medication; BDD-YBOCS = Body Dysmorphic Disorder
modification of the Yale-Brown Obsessive Compulsive Scale; BABS = Brown Assessment of Beliefs Scale; correlation
coefficients were based on Pearson correlation for correlations between two continuous measures or continuous
measures and ordinal measures (i.e., worse BDD due to COVID-19), point biserial correlations for correlations between
continuous variables with binary variables, and tetrachoric correlations for correlations between binary variables.
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