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ABSTRACT

We examined the effectiveness of psychotherapies for adult borderline personality
disorder (BPD) in a multilevel meta-analysis, including all trial types (PROSPERO ID:
CRD42020111351). We tested several predictors, including trial- and outcome type
(continuous or dichotomous), setting, BPD symptom domain, and mean age. We
included 87 studies (N = 5881) from searches between 2013 and 2019 in four databases.
We controlled for differing treatment lengths and a logarithmic relationship between
treatment duration and effectiveness. Sensitivity analyses were conducted by excluding
outliers and by prioritizing total scale scores when both subscale and total scores were
reported. Schema therapy, mentalization-based treatment, and reduced dialectical
behavior therapy were associated with higher effect sizes than average, and treatment-
as-usual with lower effect sizes. General severity and affective instability showed the
strongest improvement, dissociation, anger, impulsivity, and suicidality/self-injury the
least. Treatment effectiveness decreased as the age of participants increased. Dichotomous
outcomes were associated with larger effects, and analyses based on last observation
carried forward to smaller effects. Compared to the average, the highest reductions were
found for certain specialized psychotherapies. All BPD domains improved, though not
equally. These findings have a high generalizability. However, causal conclusions cannot
be drawn, although the design type did not influence the results.

Keywords: Borderline Personality Disorder; psychotherapy; meta-analysis; treatment
effectiveness; multilevel
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INTRODUCTION

The Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) borderline
personality disorder (BPD) diagnosis is based on nine criteria, such as feelings of
emptiness, affective instability, suicidality, and difficulties controlling anger (American
Psychiatric Association, 2013). The estimated prevalence is 1.1% in the Netherlands (Trull
et al., 2010; van Asselt et al., 2007), 2.7% in the United States and 0.7% in Great Britain
(Coid et al., 2006). In addition, comorbidity with other disorders is high (Tomko et al.,
2014), and a staggering 75% of BPD patients attempt suicide at least once in their life,
and 10% of patients actually commit suicide (Black et al., 2004).

BPD was historically viewed as a difficult-to-treat or even untreatable disorder (Cleary
et al., 2002), but in the last 30 years this view has drastically and positively changed.
Moreover, although BPD treatments are associated with high dropout rates, this might
not be as high as previously assumed (Barnicot et al., 2012). The present meta-analysis will
summarize the treatment outcomes of psychological treatments (not pharmacological
treatments) for BPD.

There are many non-specialized psychological treatments available, but four
psychological treatments have been specifically developed for BPD (i.e., the Big-
4): dialectical behavior therapy (DBT), schema therapy (ST), transference-focused
psychotherapy (TFP), and mentalization-based treatment (MBT). Unfortunately, it
is difficult to gain more insight into the relative effectiveness of these treatments
because of several reasons. First, existing mutual comparisons of these so-called Big-4
psychotherapies for BPD often are inadequately powered and are, therefore, far from
conclusive, (e.g., Barnicot & Crawford, 2019; Clarkin et al., 2007). Second, as so many
treatments are available, it is virtually impossible to mutually compare all existing
treatments to each other in well powered randomized controlled trials (RCTs), let alone
to replicate such trials. The lack of RCTs has forced previous meta-analyses to investigate
BPD treatments (specialized and non-specialized) together as a group, finding superiority
of specialized treatments compared to control conditions (g = 0.32) (Cristea et al., 2017)
and superiority of BPD treatments compared to treatment-as-usual (TAU; d = 0.59) (Oud
etal., 2018) in reducing BPD severity. This is in line with findings of a recent meta-analysis
(Storebg et al., 2020), which found that psychotherapies compared to TAU were superior
in reducing general BPD severity (d = 0.52), self-harm (d = 0.32), and suicide-related
outcomes (d = 0.34). Direct comparisons between specific specialized treatments and
TAU suggested the superiority of DBT in reducing BPD severity (d = 0.60) and self-harm
(d =0.28), and the superiority of MBT compared to TAU in reducing self-harm (RR = 0.62)
and suicidality (RR = 0.10). Although this meta-analysis demonstrates that it is possible
to compare at least some treatments, the evidence for these effects remains limited due
to the low number of direct comparisons between treatments (Storebg et al., 2020). As
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a result, it is difficult for patients, therapists, policy makers and researchers to estimate
the efficacy of specific BPD treatments based on traditional meta-analyses of direct
comparisons.

In addition, there are many aspects to these treatments and many study
characteristics that can also play an important role in determining effectiveness. However,
the sheer number of these aspects makes it impossible to study each in combination
with all other factors in RCTs. These important treatment factors are treatment format
(Arntz et al., 2023; Farrell et al., 2009; Omar et al., 2014) and setting (Bloom et al., 2012), but
also treatment duration. There is a lot of heterogeneity in treatment duration, and even
though it was suggested that treatment duration is not related to treatment outcomes
(Cristea et al., 2017), it is an important factor to include because there might be a dose-
response relationship. Furthermore, patient characteristics such as comorbidity, age,
gender, and substance abuse (Arntz et al., 2015; Barnicot & Crawford, 2019; Gregory et al.,
2008; Gunderson et al., 2006; Thormahlen, 2003; Zanarini et al., 2006) could be important.
Additionally, interesting study characteristics are trial type and study quality (Kliem et
al., 2010), and the handling of missing data. Lastly, publication year might be interesting
to study, as one would expect that the effectiveness of treatments has increased given
the radical change over the last decades in how BPD is viewed and in the development
of new treatment models.

The meta-analytic approach that maximizes internal validity is examining the
between-treatment effects of RCTs (Cuijpers et al., 2010). However, while continuing
to pursue experimental comparisons of BPD treatments and predictors of treatment
outcomes, different meta-analytic approaches may also shed light on this issue and
help broaden our scope. Instead of meta-analyzing the effect sizes representing the
difference between two study arms in an RCT, we therefore meta-analyzed the effect sizes
representing the change on BPD indices within study arms. This approach offers several
advantages. First, it still allows comparisons between treatment approaches and other
predictors across studies. In fact, it even allows for comparisons between treatments
and certain predictors that cannot be made based on traditional meta-analyses. While
traditional meta-analyses are restricted by the number of studies that are available for
certain comparisons, this approach can estimate effects based on a specified model
and will thus be able to include more data. Second, by employing a multilevel meta-
analytic approach, we can include multiple indices of BPD-pathology. Third, and perhaps
most important, it allows the inclusion of the large number of uncontrolled studies that
characterize the BPD treatment literature. This offers the opportunity to statistically
summarize the many studies available, while not being restricted by a specific study
design. Effectiveness studies of other designs are often conducted in clinical routine
mental healthcare settings, an important point also raised by other authors (Kliem et al.,
2010). Therefore, while the inclusion of non-RCT designs will decrease internal validity,
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this approach enhances external validity and could offer additional relevant insights that
can be applied in clinical practice.

In sum, the present meta-analysis aims to summarize BPD treatment outcome
studies in a new way. By including multiple trial and study designs, it will be able to make
use of a much larger part of the BPD treatment literature. Examining study characteristics
such as trial type will further allow us to estimate their threats to validity. We will address
the following questions related to the effectiveness of psychological treatments for BPD,
in which we will combine the data from all interventions and outcomes:

(1) Do psychological treatments differ in effectiveness?; (2) Do BPD criteria differ in
the degree to which they change during psychological treatment?; (3) Are there specific
treatments that are especially effective for particular BPD criteria?; (4) Is treatment format
(i.e., individual, group, combined) related to treatment effectiveness?; (5) Is treatment
setting (i.e., inpatient, day-treatment, outpatient) related to treatment effectiveness?; (6)
Is there a dose-effect relationship between length of treatment and reduction in BPD
manifestations?; (7) Did treatments become more effective during the last decades?; (8)
Are demographic characteristics (mean age, gender composition, comorbidity with axis |
and axis Il disorders, exclusion of substance use disorders, mean educational level) related
to treatment effectiveness?; (9) Are study-specific characteristics (i.e., study quality and
type, missing data handling, medication prescribed, country of testing, outcome type,
assessment type) related to treatment effectiveness?

METHODS

Identification and Selection of Studies

The present meta-analysis followed the PRISMA Guidelines (Moher et al., 2009) and was
preregistered at PROSPERO (ID: CRD42020111351). A database search was performed
and updated in Pubmed, Embase, Cochrane, and Psychinfo (search dates: June 21, 2013,
February 4, 2015, March 6, 2019, and October 29, 2019). Reference lists of reviews, meta-
analyses, and other manuscripts were also checked. One submitted master's thesis was
obtained. Supplement 1 provides the search terms and results per database of the last
literature update. Different combinations of eight raters (AVE, AA, RV, SR, MM, WC, IE, PC)
independently selected studies for inclusion. In the case of disagreement, a decision was
reached through further discussion.

Inclusion criteria were applied to all study arms separately. First, we only included
studies of psychological BPD treatments with the following design types: RCT, open trial,
case series, or cohort study. Second, we only included studies with adult patients (age
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> 18) with a primary diagnosis of BPD according to the DSM-IIIl, DSM-III-R or DSM-IV(-Tr)
criteria. If an English abstract was available and passed the initial screening, language
was not an eligibility criterion.

We also defined several exclusion criteria. First, studies of treatments of ‘double
diagnoses’ (i.e., testing treatments developed for a specific combination of two diagnoses,
such as BPD and eating disorder) were excluded, because such treatments are adapted to
the combination of diagnoses, and their effects cannot be generalized to BPD treatments
focused on treating BPD specifically. Second, for the same reasons, we excluded mixed
personality disorders samples, unless separate statistics on the BPD subsample were
reported and the treatment was specifically directed at BPD. A tolerance of 10% was
allowed (i.e., at least 90% had to meet a full BPD diagnosis). Third, we excluded single case
studies (unless consecutive with n = 5) because there is little guarantee that reporting
is not biased (i.e., only reported in case of success). Fourth, we excluded treatments
consisting of subsets of techniques or modules which are clearly not intended to be
complete treatments. However, we did include tests of reduced protocols intended to be
complete treatments (e.g., reduced DBT’ for DBT treatments missing a specific ingredient).
Fifth, we excluded treatment modules that are explicit additions to treatments and not
intended to be complete treatments, such as STEPPS, specific courses or skills training.
Sixth, we excluded forensic samples. These samples require specific forms of treatment,
and effects must be evaluated in a forensic context and are difficult to generalize to
more common BPD samples, which was an important aim of our present meta-analytic
approach. Finally, we excluded studies that did not report post-treatment effectiveness
data on BPD pathology as defined by the DSM criteria, or if we could not transform the
data into effect sizes. We contacted authors in case information was missing.

Treatment Classification

We initially classified treatments into 17 categories. A ‘mixed’ category was created for
treatments that combined elements of two or more treatments. We then reduced the
number of treatment categories by collapsing categories with n < 100 and the mixed
category into a ‘specified others’ category. We classified DBT treatments as full DBT if
they included the four standard DBT components and as reduced DBT if not all four
components were present. Control conditions that received some form of standard active
care were labelled as TAU. As community treatment by experts (CTBE) constitutes a more
stringent comparison condition than TAU, (Linehan et al., 2006), we distinguished it as
a separate category.
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Coding of Methodological Quality

We assessed separate treatment arms of included studies for risk of bias by evaluating
nine design criteria, adapted from (Cuijpers et al., 2010) to fit the focus of the present
meta-analysis (see Supplement 2). We calculated the mean quality score based on all
items that were applicable to the study arm. Following calibration on a subset of included
studies, different pairs of six coders (AvE, RV, SR, MM, CvE) completed the checklist for
the remaining studies. The interrater agreement based on intra-class correlations (ICCs)
per item ranged from .841 to .980, with an average of .895 (median = .888). The internal
consistency of the mean score was .691, with an ICC of .948.

Coding of Other Characteristics

Three raters (KM, WC, and SR) independently coded the other sample, treatment, and
study characteristics. If necessary, authors were contacted by email to clarify issues.
If studies reported total scale scores in addition to separate subscale scores (e.g.,
BPDSI overall and BPDSI specific criteria), we only included the subscale scores in the
primary analysis. For some predictors, we reduced the number of categories. This was
the case for countries which we reduced to three country groups (reduced to: Europe,
USA, Australia/Canada/New Zealand), trial type (reduced to: RCT, non-RCT, open trial),
missing data handling (reduced to: modern intent-to-treat (ITT) techniques such as
multilevel analysis, last-observation-carried-forward (LOCF), unclear ITT techniques,
completer analysis), setting (reduced to: inpatient, day treatment, outpatient), format
(reduced to: individual, group, combined), and substance use exclusion (reduced to: no
exclusion, exclusion if needing clinical detox, exclusion of dependence and abuse). We
coded outcomes as dichotomous if changes were expressed in proportions (number
of patients meeting a criterion), and as continuous if effect sizes were based on means
and standard deviations. When studies had mixed consecutive treatment settings (e.g.,
first inpatient, then outpatient) the first setting was coded. This was decided as day
treatment or inpatient treatment always preceded outpatient treatment, and it was
assumed that most treatment effects would be observed during the first phase, which
had a higher intensity. Two raters (IE and ASV) coded a randomly selected subset of
studies and disagreements were resolved through discussion. The average ICC of the
coded statistics and demographic variables was .991 (.926-1.000).

Effect Size Definition

We expressed within-treatment changes per outcome variable in terms of Cohen’s
d, with the (pooled per study) baseline standard deviation (SD) as denominator and
the mean change as numerator. These effect sizes have been proven to be the most
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robust, precise, and least biased (Morris, 2008). For dichotomous outcomes, we defined
Cohen'’s d according to the standard formula after applying the Agresti—Coull correction
to observed proportions (see Supplement 3), as this yields more valid estimates and can
deal with instances where 0% or 100% is reported (Agresti & Coull, 1998). Lastly, all effect
size estimates were transformed to Hedges' g (see Supplement 4).

Included treatments greatly varied in length, ranging from six weeks to over two
years. We therefore estimated the relationship between treatment duration in weeks and
Hedges’ g, which appeared to be logarithmic, F(1, 563) = 724.34, R = 0.563, p < .001. To
compare treatment lengths, treatment effects need to be estimated at a fixed number
of weeks. Therefore, we transformed Hedges’ g (and accompanying standard errors) to
account for the logarithmic relationship between treatment duration and outcomes,
and to represent the effect size at one year of treatment (i.e., transformed effect sizes;
see Supplement 4). We also controlled for this non-linear relationship by adding the log
transformed number of weeks as a covariate to each model (i.e., untransformed effect
sizes) and calculated the marginal means of all categorical predictors at one year of
treatment (52 weeks).

Statistical Analysis

To control for dependency in effect sizes (Cheung, 2014) we conducted a three-level
meta-analysis to analyze the effect sizes of the pre-post changes during treatment
using the Metafor package (Viechtbauer, 2010) in R. Missing values in predictors were
handled by imputing 20 sets, using predictive mean modelling, and including all available
predictors.

We used multimodel inference from the MuMin package (Barton, 2019) as a model
selection procedure. We chose the highest-ranked model based on the Bayesian
Information Criterion (BIC). When models had a BIC difference between zero and two, we
treated them as equivalent (Neath & Cavanaugh, 2012) and selected the model with the
significantly highest log-likelihood value. Two predictors were forced into each model:
treatment and BPD outcome domain.

The main effects from the final models were investigated with deviation contrasts on
the estimated marginal means, which were estimated based on all possible combinations
of predictor levels. For each categorical predictor, we compared the effect size for each
level of that predictor to the average effect (i.e., grand mean) of all levels of that predictor.
For example, differences between interventions or BPD outcome domains were examined
by comparing each individual intervention or outcome domain to the average effect of
all interventions or outcome domains. We examined the treatment by domain interaction
(research question 3) by subsetting our dataset for each domain. We controlled for
multiple testing by applying the Holm correction (Holm, 1979).
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We calculated Egger’s test by adding the standard error as an additional covariate
to the model and inspected the structure of the data with funnel plots of the residuals.
To our knowledge, there is no automated trim-and-fill procedure available for multilevel
models (Viechtbauer, 2010), and it is unclear how the trim-and-fill procedure performsin
three-level models (Fernandez-Castilla et al., 2021). Therefore, we explored the output of
the trim-and-fill procedure on a model without moderators and by treating all effect sizes
as independent, to assess possible patterns of bias in the data. We identified outliers with
studentized residuals (absolute value > 3). In addition, we conducted several sensitivity
analyses. We reran the analyses without outliers, but also on the total severity scores
instead of subscale scores.

RESULTS

Search Results

The final selection included in the analyses consisted of 107 records concerning a total
of 87 studies (N = 5881) (see Figure 1). The interrater agreement, Fleiss’ kappa (Fleiss,
1971), between different sets of three raters ranged from .553 to 1.000, with an average
of .778. The percentage agreement ranged from 87.10% to 100%. Supplement 5 displays
allincluded studies and their characteristics, Supplement 6 their references. A complete
table with all outcomes and effect sizes was published online (https://osf.io/htxmq -
accessed on 25-11-2021).

We included 35 RCTs, 46 open trials and 6 non-RCT trials. The mean publication year
was 2010 (1991-2019). The studies were most frequently conducted in the USA (n = 30),
Germany (n = 12), the Netherlands (n = 11), and the UK (n = 10). The average proportion
of males was .14 (.00-.56). The mean age of the sample was 30.99 (20.50-40.10). The final
selection consisted of 11 treatment categories. There were 33 treatment arms for DBT (n =
2503), 11 for ST (n = 263), 10 for DBTmin (n = 273), 9 for MBT (n = 468), 9 for psychodynamic
treatment (PDT, n = 488), 6 for cognitive behavior therapy (CBT, n = 161), 5 for TFP (n
= 157), 24 for TAU (n = 724), 2 for CTBE (n = 101) and 4 for mixed therapies (n = 363).
Several treatments were collapsed into a specified others category (n = 700), consisting
of cognitive analytic therapy, interpersonal therapy, client-centered therapy, structural
clinical management, general psychiatric management, therapeutic community, and
dynamic deconstructive psychotherapy. The average number of weeks of therapy was
46.57 (median = 52), ranging from 6 to 156 weeks.
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Three variables contained missing data: the mean number of Axis | and Il disorders
and educational (ISCED) level. However, these variables were excluded, as adding the
imputed variables to our models did not improve the fit (Dm(3, 198.39) = 0.03, p = .993).

Figure 1
Flowchart of the study selection process

)
Studies identified through Studies identified through
= database search other sources
o
S N =2275 N =880
o
=
€
()
=
Duplicate studies removed (N = 940)
—
)
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e
(3]
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g (N =1846)
—
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é (N =369) Records excluded (N =262)
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- No (complete) psychotherapy
(N =47)
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38)
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g N = 87 studies
—
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MAIN ANALYSIS

Main Analysis Model Selection

The main analysis was run on 87 studies and 535 effect sizes. The within-study variance
(02 =0.142, X2 (1) = 555.490, p < .001) and the between-study variance (6 = 0.138, X2
(1) = 77181, p < .001) were significant. The percentage of sampling variance was 13.42%,
the within-study variance was 44.02% and the between-study variance was 42.56%. The
upper part of Table 1 shows the results for the full model.

After we fitted all possible models, there were two equivalent models (ABIC < 2). The
first model consisted of three predictors (BPD domain, treatment, and outcome type),
whereas the second model consisted of four predictors: the predictors of the first model
plus mean age. The second model had the highest significant log-likelihood ratio test
statistic, so we chose this model as our final model. The tests for the predictors in the
final model are shown in the lower part of Table 1. For the final model, the within-study
variance (62 = 0.085, X2 (1) = 215.176, p < .001) and the between-study variance (62 =
0.078, X2 (1) = 44.718, p < .001) were significant. The percentage of sampling variance
was 20.98%, the within-study variance was 41.23% and the between-study variance was
37.79%. In our final model, age was negatively related to treatment outcomes. In other
words, as the mean age of the sample increased, the effect of treatment decreased.

Table 1

Chi Square Tests of all the Predictors in the Full and Final Model of the Transformed Effect Sizes
Variable x2 df Loglikelihood p
Full Model 106 -281.410
Treatment 156.326 34 -359.572 <.007%**
BPD Domain 248.573 35 -405.696 <.007%**
Treatment * BPD domain 116.105 44 -339.462 <.007***
Setting 2.504 104 -282.662 .286
Format 2944 104 -282.882 229
Quality 0.021 105 -281.420 .885
Trial type 1.213 104 -282.016 .545
Publication year 0.005 105 -281.412 942
Country of testing 1.020 104 -281.919 .601
Male proportion 0.041 105 -281.430 .839
Analysis type 20.043 103 -291.431 <.007***
Mean age 11.553 105 -287.186 .001**
Medication policy 0.358 105 -281.588 .550
Substance use exclusion 1.185 104 -282.002 .548
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Variable x? df Loglikelihood p
Assessment type 2.100 103 -282.653 .553
Outcome type 8.902 105 -285.860 .003**
Final Model 24 -353.108

Treatment 69.982 14 -388.099 <.007***
BPD Domain 132.254 15 -419.235 <.007***
Outcome type 11.757 23 -358.986 .001**
Mean age 5.413 23 -355.814 .020*

Note.* p < .05.** p <.01.*** p <.001.

Deviation Contrasts

We examined the deviation contrasts for each of the selected categorical predictors in
the final models. Each level of the predictors was compared to the average estimated
mean’s effect, which was large (g = 0.921). All effect sizes were included in the analyses.

Treatment

Overall, all treatments appeared effective in reducing overall BPD symptomatology,
with effect sizes ranging from medium to large. At one year, ST (g = 1.233) followed by
reduced DBT (g = 1.123) was associated with larger effect sizes in reducing BPD symptoms
compared to the grand mean of all interventions. Compared to this average, TAU (g =
0.588) was associated with smaller effect sizes (see Table 2 and Figure 2).

BPD outcomes

At one year, the largest improvement compared to the average improvement over all
domains was found for general severity (g = 1.317), followed by affective instability (g
= 1.267) (see Figure 3). The least improvement was found for dissociation (g = 0.662),
impulsivity (g = 0.703), anger (g = 0.707), and suicidality (g = 0.722).

Outcome type

Continuous outcomes (g = 0.752) were associated with smaller effect sizes, whereas
dichotomous outcomes (g = 1.089) were related to larger effect sizes.
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Table 2

Results of All Deviation Contrasts of the Transformed Effect Sizes
Contrast Mean 95% Cl Ag Ag(se) Ag(t) Ag (p) Ag (p’)
Average Age ® (se) ®

—-0.021 [-0.039, —0.003] 0.009 -2.333 .020*

Treatment
DBT 0.897 [0.747,1.047] -0.024 0.062 -0.381 352 1.000
DBTmin 1123 [0.904, 1.342] 0.203 0.098 2.063 .020* 178
ST 1.233 [1.005, 1.462] 0.313 0.104 3.013 .001** .014*
TFP 0.968 [0.741, 1.194] 0.047 0.096 0.492 3N 1.000
MBT 1.064 [0.829, 1.299] 0.143 0.108 1.328 .092 .646
TAU 0.588 [0.437,0.739] —0.333 0.064 5165 <.0071*** <.007***
PDT 0.965 [0.756, 1.174] 0.045 0.091 0.490 312 1.000
CTBE 0.714 [0.414, 1.013] -0.207 0132 -1.571 .058 467
Spec. Other 0.898 [0.722,1.075] -0.022 0.079 -0.279 .390 1.000
CBT 1.021 [0.731,1.311] 0.100 0.136 0.737 231 1.000
Th. Com 0.655 [-0.125, 1.435] -0.265 0.368 -0.722 .235 1.000
Grand Mean 0.921
BPD Domain
General severity 1.317 [1.162,1.472] 0.397 0.057 6.966  <.001***  <.0071***
Abandonment 0.819 [0.554, 1.084] -0.102 0.106 -0.960 169 .506
Interpersonal 0.964 [0.742,1.186] 0.044 0.085 0.517 .303 .596
g‘:?ﬂﬁ’ance 1.069 0.821,1.318] 0149 0099 1509 066 264
Impulsivity 0.703 [0.531,0.874] -0.218 0.060 -3.620 <.001*** .001 **
isnl;i:rija"ty/ self- o722 [0.595, 0.848] ~0199 0046 -4336 <Q01***  <.001%**
ﬁf:teacl?i\lliet}y 1.267 [1.066, 1.468] 0346 0074 4659 <Q01**  <Q01%**
Emptiness 0.975 [0.718,1.231] 0.054 0.102 0.530 .298 .596
Anger 0.707 [0.553,0.862] -0.213  0.051 —-4.211 <.0017***  <.001 ***
Dissociation 0.662 [0.461,0.863] -0.258 0.076 -3.411 <.0071*** .002 **
Grand Mean 0.921
Outcome Type
Continuous 0.752 [0.631,0.873] -0.123  0.050 -2.451 .007** .015*
Dichotomous 1.089 [0.885, 1.293] 0.123 0.050 2.451 .007** .015*
Grand Mean 0.920

Note. * p < .05.** p <.01.*** p < .001.
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Figure 2
Bar Graph of the Estimated Marginal Means of the Transformed Effect Sizes Based on the Log of Time, Estimated at One

Year of Treatment for all Treatments, with 95% Cls

Mean

DBT
DBTmin
ST
TFP
MBT
TAU
PDT
CTBE
SpecOther
CBT
Ther.Com

Note. The grand mean is depicted as a horizontal line at g = 0.921.
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Figure 3
Bar Graph of the Estimated Marginal Means of the Transformed Effect Sizes Based on the Log of Time, Estimated at one
Year of Treatment for all BPD Domains, with 95% Cls

1.24

1.0

0.8

Mean

0.6

0.4+

0.2

0.0

General severity
Emptiness
Anger
Dissociation

Abandonment
Interpersonal
Identity
Impulsivity
Suicidality
Affective instability

Note. The grand mean is depicted as a horizontal line at g = 0.921.

Treatment and BPD Interaction

We explored the interaction between treatment and BPD outcome domain (see Table
3). The grand means ranged between 0.422 and 1.384. At one year, TAU was associated
with smaller improvements in improving general severity (g = 0.641), impulsivity (g =
0.320), suicidality (g = 0.393), emptiness (g = 0.311), and anger (g = 0.234). Compared to
the average treatment effects, reduced DBT was related to larger improvements in anger
(g = 0.829) and affective instability (g = 2.569). ST (g = 1.161) and MBT (g = 0.872) were
related to larger improvements in suicidality.
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Table 3

Deviation Contrasts of the Interaction between Treatment and BPD Domain at 1 Year
Domain Mean (g) 95% Cl Ag Ag(se) Aglt) Ag (p) Ag (p’)
General Severity (n =80)
DBT 1.400 [0.893, 1.882] -0.020 0.178 -0.112 456 1.000
DBTmin 1.689 [1.047, 2.382] 0.307 0.261 1177 122 .790
ST 1.343 [0.848, 1.839] -0.064 0.193 -0.332 .370 1.000
TFP 1.425 [0.881,1.970] 0.018 0.198 0.092 464 1.000
TAU 0.727 [0.261, 1.193] -0.681 0.151 -4.494 <.007*** <.007***
PDT 1.686 [1.083, 2.289] 0.279 0.228 1.222 13 .790
Spec.Other 1.497 [1.066, 1.929] 0.090 0.205 0.440 331 1.000
CBT 1.478 [0.816, 2.140] 0.071 0.297 0.238 406 1.000
Grand Mean 1.407
Abandonment (n=8)
ST 0.703 [0.305, 1.101] 0.235 0.139 1.695 .083 248
TAU 0.424 [-0.234, 1.082] -0.044 0.209 -0.211 421 421
Spec. Other 0.277 [-0.456, 1.010] -0.191 0.212 -0.899 .210 420
Grand Mean 0.468
Interpersonal (n=17)
DBT 0.444 [-0.703, 1.590] -0.340 0.459 -0.740 .237 1.000
ST 0.824 [0.155, 1.493] 0.040 0.330 0.122 453 1.000
TAU 0.814 [0.110, 1.517] 0.030 0.355 0.084 467 1.000
Spec. Other 0.797 [-0.083, 1.677] 0.013 0.368 0.036 486 1.000
CBT 1.040 [-0.607, 2.687] 0.257 0.614 0.418 342 1.000
Grand Mean 0.784
Identity (n = 14)
ST 1125 [0.463, 1.786] 0.545 0.301 1.808 .052 .208
TAU 0.249 [-0.395,0.893] -0.331 0.274 -1.209 129 .386
Spec. Other 0.727 [-0.031, 1.485] 0.147 0.306 0.481 321 .568
CBT 0.219 [-1.551, 1.988] -0.361 0.609 -0.593 .284 .568
Grand Mean 0.580
Impulsivity (n=50)
DBT 0.683 [0.206, 1.160] 0.005 0.104 0.049 481 1.000
DBTmin 0.851 [0.231, 1.471] 0.173 0.212 0.817 .210 1.000
ST 0.717 [0.147,1.287] 0.039 0.171 0.230 410 1.000
TFP 0.582 [0.034, 1.130] -0.096  0.142 -0.675 252 1.000
TAU 0.376 [-0.057,0.810] -0.302 0.110 -2.733 .005%* .037*
PDT 0.691 [0.127,1.255] 0.013 0.159 0.080 468 1.000
Spec. Other 0.785 [0.255,1.314] 0.107 0.141 0.757 227 1.000
CBT 0.738 [0.028, 1.449] 0.061 0.256 0.237 407 1.000
Grand Mean 0.678
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Domain Mean (g) 95% Cl Ag Ag(se) Agl(t) Ag(p) Ag (p’)
Suicidality (n=184)

DBT 0.717 [0.559, 0.875] -0.036 0.077 -0.464 332 1.000
DBTmin 0.842 [0.589, 1.096] 0.090 0.122 0.735 232 1.000
ST 1.275 [0.792,1.758] 0.522 0.223 2.345 .010* 101
TFP 0.696 [0.372,1.020] -0.057 0.139 -0.407 .342 1.000
MBT 0.982 [0.725,1.239] 0.229 0.125 1.832 .034* .309
TAU 0.527 [0.350, 0.704] -0.226 0.087 -2.607 .005** .055
PDT 0.688 [0.304, 1.072] -0.065 0.178 -0.363 .359 1.000
CTBE 0.547 [0.215,0.879] -0.206 0.145 -1.416 .079 .634
Spec. Other 0.719 [0.511,0.928] -0.033 0.100 -0.331 .370 1.000
CBT 0.868 [0.538, 1.199] 0.116 0.158 0.732 .233 1.000
Th. Com 0.418 [-0.377,1.212] -0.335 0.377 -0.889 .188 1.000
Grand Mean 0.753

Affective Instability (n =27)

DBT 0.958 [0.319, 1.597] -0.320 0.308 -1.036 157 627
DBTmin 2.476 [1.383, 3.568] 1.198 0.465 2.575 .009%* .065
ST 1.398 [0.686, 2.111] 0.121 0.336 0.359 .362 1.000
TFP 0.767 [-0.185, 1.720] -0.510 0.411 -1.241 115 574
TAU 0.825 [0.232,1.417] -0.453 0.301 -1.505 .074 447
Spec. Other 1182 [0.500, 1.864] -0.095 0.317 -0.301 .383 1.000
CBT 1.337 [-0.446, 3.120] 0.059 0.745 0.080 469 1.000
Grand Mean 1.278

Emptiness (n=9)

ST 1.113 [0.429,1.797] 0.426 0.238 1.790 .067 133
TAU 0.303 [-0.342,0.948] -0.384 0.180 -2.129 .043* 130
Spec. Other 0.646 [-0.160, 1.451] -0.042 0.212 -0.197 426 426
Grand Mean 0.687

Anger (n=184)

DBT 0.591 [0.186, 0.996] -0.104 0.068 -1.530 .065 324
DBTmin 0.966 [0.502, 1.430] 0.272 0.124 2.187 .016* A1
ST 0.854 [0.362, 1.347] 0.160 0.140 1.144 128 492
TFP 0.784 [0.314, 1.253] 0.089 0.124 0.717 .237 492
TAU 0.434 [0.009, 0.858] -0.261 0.086 -3.021 .002** .013*
PDT 0.608 [0.170, 1.046] -0.086 0.097 -0.887 189 492
CTBE 0.456 [-0.040, 0.953] -0.238 0.144 -1.651 .051 .307
Spec. Other 0.861 [0.476, 1.247] 0.167 0.143 1.167 123 492
Grand Mean 0.694
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Domain Mean (g) 95% ClI Ag Ag(se) Ag(t) Ag(p) Ag (p’)
Dissociation (n=23)

DBT 0.445 [0.243,0.647] 0.023 0.092 0.254 401 764
ST 0.475 [0.220, 0.729] 0.053 0.104 0.505 310 764
TAU 0.281 [-0.005, 0.567] -0.141 0.112 -1.263 a1 445
Spec. Other 0.487 [0.249, 0.726] 0.065 0.097 0.673 .255 764
Grand Mean 0.422

Note.* p < .05.** p <.01. *** p <.001.

Outliers and Bias

There were 29 outliers in the final model (5.42%), which were effect sizes ranging from
0.277 to 4.174. These outliers came from seven different treatments: ST, reduced DBT, DBT,
specified-other treatment studies, TAU, CBT and MBT. Of the outliers, 20 came from RCT
designs and 25 were based on continuous outcomes. All effect sizes from the Reiss et
al. (2014-1) study were labelled as outliers. These effect sizes were all larger than 3.189,
which was unrealistically large compared to the other effect sizes in our sample. The same
applied to the one outlying variable from Farrell et al. (2019). Two outliers from Jacob et
al. (2018) and Nordahl et al. (2005) were relatively small: 0.277 and 0.560, respectively.

Egger’s test was significant, indicating a relationship between stronger effects and
lower precision, F(1, 512) = 369.820, p < .001, b = 5.764. The funnel plot also indicated
the presence of outliers and did not show a symmetric pattern of the residuals (see
Supplement 7). According to the trim-and-fill procedure on the overall model, 28 effect
sizes were missing on the right side of the funnel plot. No effect sizes were missing on
the left side of the funnel plot. Simulating these additional studies would increase the
average effect size to g = 0.047.

When all outliers were removed, Egger’s test was still significant, F(1, 483) = 146.027,
p < .001, b = 3.481. The funnel plot of the final model without outliers is shown in
Supplement 7. In the final model, all predictors were significant. The estimated marginal
means showed several differences. The grand estimated mean was 0.827. In addition to
ST and reduced DBT, MBT was also associated with larger effect sizes compared to the
average treatment effect. CTBE was, in addition to TAU, associated with smaller effect
sizes. The only other observed difference was that identity disturbance also showed
stronger improvement compared to the average treatment effect. For outcome type,
no differences were observed (see Supplement 8).
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Sensitivity Analysis

Sensitivity Analysis Model Selection

The second sensitivity analysis, conducted on 447 effect sizes, prioritized total scale
results if included studies reported these in addition to subscale results. Model fit did not
improve when we added the three imputed variables with missing data, Dm(3, 135.81)
=0.02, p = .997.

Both the within-study variance (o7 = 0.112, X% (1) = 317.769, p < .001) and the
between-study variance (o7 = 0.185, X% (1) = 100.139, p < .001) were significant. The
percentage of sampling variance was 13.73%, the within-study variance was 32.61%
and the between-study variance was 53.67%. The upper part of Table S9.1 in the
Supplementary materials shows the results for the full model.

After our model selection procedure, there were two equivalent models. The first
model consisted of treatment, BPD domain and outcome type. The second model also
included mean age. Based on comparisons of the log-likelihood value, the model with
treatment, BPD domain, outcome type and mean age was selected. The tests for the final
model are shown in the lower part of Table S9.1. The within-study variance (¢ = 0.052,
X2 (1) = 91.958, p < .001) and the between-study variance (o7 = 0.102, X2 (1) = 65.485,
p < .001) of the final model were also significant. The percentage of sampling variance
was 23.54%, the within-study variance was 25.67% and the between-study variance was
50.79%.

Sensitivity Analysis Deviation Contrasts

For this sensitivity analysis, we conducted the same analyses on the predictors selected
in the final models. The average grand mean effect was large (g = 0.875).

Treatment

At one year, ST (g = 1.273) followed by reduced DBT (g = 1.060) were associated with higher
effect sizes compared to the average treatment effect, whereas TAU (g = 0.545) and CTBE
(g = 0.670) were associated with smaller effect sizes (see Table $9.2 and Supplement 10).

BPD outcome

At one year, general severity (g = 1.337) and affective instability (g = 1.119) showed
the strongest change compared to the average grand mean effect of all effect sizes.
Impulsivity (g = 0.575), anger (g = 0.648), dissociation (g = 0.677), and suicidality (g =0.716)
were associated with the lowest effect sizes compared to the average (see Supplement
9 and 10).

147



Chapter 6 |

Outcome type
Similar to the other analyses, continuous outcomes (g = 0.723) were related to weaker
outcomes, whereas dichotomous outcomes (g = 1.027) were related to stronger outcomes.

Sensitivity Analysis Outliers and Bias

Again, Egger’s test was significant, F(1, 424) = 142.833, p < .001, b = 3.403. The trim-and-
fill procedure indicated that 17 residuals were missing on the right, whereas none were
missing on the left side. Simulating these studies would increase the average effect size
with 0.036. There were 23 outliers (5.4%). Ten outliers were from general severity, and
eleven from suicidality.

In the final model without outliers, all predictors were significant, as was Egger’s
test, F(1, 401) = 62.165, p < .001, b = 1.866. Both funnel plots are shown in Supplement
11. The grand mean of all predictors was 0.815. Again, estimated means decreased. The
only difference was that reduced DBT (g = 0.922) was no longer associated with higher
effect sizes, but that MBT (g = 0.953) was significant instead. No further differences for
BPD domain and outcome type, compared to the analysis with outliers included, were
observed (see Supplement 12).

The sensitivity analyses on the untransformed effect sizes are reported in
Supplements 13-20. Any differences between both methods are reported in the
discussion section.

DISCUSSION

This meta-analysis addressed several questions regarding the BPD treatment literature
in a new way. To estimate treatment effects across BPD domains, we included the pre- to
post-treatment data from all treatments and outcome domains.

The effect sizes estimated at one year indicated that ST and reduced DBT showed the
strongest changes in BPD outcome domains compared to the average treatment effect.
Based on the outlier analyses, MBT was also related to larger effect sizes compared to
the average. The untransformed sensitivity analyses indicated larger effect sizes of ST
and MBT, and, less robustly, also of CBT. TAU and, to a lesser degree, CTBE were related
to weaker improvements in all BPD outcome domains. The findings for CTBE were not
as robust as those for TAU, which is not surprising as CTBE is generally viewed as an
optimized variant of TAU (Linehan et al., 2006). The difference of TAU compared with the
average effect was small, but medium compared to ST and reduced DBT. Together, these
findings suggest that mainly the specialized treatments, i.e., ST, MBT and reduced DBT,
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appear to yield the largest effect sizes in the treatment of BPD compared to the average
of all treatments. Overall, it should be emphasized that the average effectiveness of the
treatments was moderate to large. With regard to the individual treatment effects, each
treatment was compared to the average effect of all treatments. Thus, if some treatments
were found to be related to larger effect sizes, this does not imply any specific differences
between two individual treatments (as this is a different comparison that requires a more
specific, more direct test).

Compared to the average, reduced DBT, and not DBT, was related to higher
treatment effects. This is surprising, because it suggests that, compared to all treatments,
a reduced version of DBT, and not the complete treatment model, is related to larger
effect sizes, although the effect size difference between both treatments was small (g
= 0.226). This is in accordance with one previous meta-analysis that showed that DBT
yielded a moderate effect size compared to TAU, but a small effect size compared to
specialized treatments (Kliem et al., 2010). However, a few factors should be considered
when interpreting this finding. First, the effective ingredients of reduced DBT have not yet
been identified. Second, reduced DBT treatment models were very heterogeneous (i.e.,
studies omitted different DBT components), thereby possibly influencing these findings.
Third, it is possible that some elements of DBT do not contribute to its effectiveness.

We also examined the changes in separate BPD domains. All domains showed
moderate to large improvements, but the strongest improvement was observed for
general BPD severity and affective instability. Impulsivity, suicidality/self-injury, anger,
and dissociation showed the least improvement compared to the average. Complex
BPD symptoms such as suicidality/self-injury, impulsivity and intense anger have indeed
been identified as relatively resistant to change (Zanarini et al., 2005). In contrast with our
findings, one study showed that affective instability was relatively resistant to change
during a two-year treatment (McGlashan et al., 2005). However, these findings cannot
easily be compared to ours as it was unclear if and what type of treatment patients
received in this study. Interestingly, a recent network study found that affective instability
was not only central to the BPD criteria but was also central to the changes in these
criteria (von Klipstein et al., 2021). This means that affective instability is strongly related to
other symptoms and that changes in affective instability are an important mechanism for
change in other symptoms. This partly supports the finding that the strongest changes
compared to the average were observed for this symptom. An alternative reason why
some domains might show less improvement is that specific treatments may focus more
strongly on some symptom domains than on others.

Our exploration of the interaction between treatment and BPD criteria was largely
consistent with our main findings. With large effect sizes, ST and MBT were robustly related
to larger reductions in suicidality compared to the average treatment effect. Reduced DBT
showed the largest improvements in anger and affective instability. In the untransformed
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sensitivity analysis, ST was related to the largest change for the criteria that showed the
least improvement overall (i.e., impulsivity, suicidality, anger, and dissociation), while DBT
was associated with strong improvements in anger. Based on all analyses, with effect
sizes ranging from small to large, TAU was related to smaller outcomes for seven BPD
criteria, i.e., general severity, impulsivity, suicidality, emptiness, anger, affective instability,
and dissociation. These findings are in line with the general trends of our study, as the
treatments with the highest (and lowest) effect sizes also had similar effect sizes on
separate outcome domains. This is a very relevant issue for clinical practice, as more
knowledge about these interactions can improve the development and effectiveness
of personalized treatment in which patients are matched to treatments based on their
symptom profiles. Thus, these findings raise interesting new leads for future studies, but
more research is necessary to further test and examine these interactions.

Although the present study used a different approach compared to more traditional
meta-analyses, our findings are consistent with earlier studies (Cristea et al., 2017; Oud et
al., 2018) and with the most recent meta-analysis in this area (Storebg et al., 2020). In most
cases, these previous studies have not found any differences between the specialized
treatments and other protocolized treatments, but only with TAU. The effect sizes in
the meta-analysis by Storebg et al. (2020) and the present one, representing differences
between TAU and all other treatments in reducing general BPD severity (d = —0.52 vs.
g = —0.74) and suicide-related outcomes (d = —0.34 vs. g = —0.25), were very similar.
Moreover, where Storebg et al. (2020) found an effect size of d = —0.60 comparing DBT
and TAU in reducing BPD severity, the present study found a difference of g = —0.76,
and our findings also suggested that TAU was less effective compared to the joint other
treatments in reducing general severity. Similarly, Storebg et al. (2020) also found that
MBT, compared to TAU, was more effective in reducing suicidality. There were, however,
differences in the number of studies that were available for each of these treatments.
While many DBT trials were included, the number of ST, MBT and reduced DBT studies
was smaller (between 9 and 11 studies). Therefore, it is possible that the meta-analytic
findings of the specialized treatments with fewer studies were more prone to sources
of bias. This is an important reason why it is important to also conduct more primary
treatment studies focusing on these specialized models, as was also noted in previous
meta-analyses (e.g., Cristea et al., 2017; Storebg et al., 2020).

Our models also identified several additional predictors of BPD treatment outcomes.
Higher age was related to smaller improvements in BPD severity, consistent with the idea
that personality becomes more resistant to change with increasing age (Costa & McCrae,
1986; Zanarini et al., 2006). Even though this effect appeared to be small, the difference
in treatment effectiveness can become quite large when the difference in age increases.
To illustrate, there is a medium difference in effect between a 20-year-old patient and
a 40-year-old patient of 0.42. However, we should interpret this finding with caution as,
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within individual studies and treatment arms and due to Simpson’s paradox (Kievit et
al., 2013; Simpson, 1951) in which aggregation of effects can lead to a reversal of effects,
the opposite could also be true.

In addition, the largest improvement was found on outcomes describing the number
of patients who still meet the DSM criteria for BPD after treatment, compared to outcomes
based on continuous scores. Dichotomous outcomes (i.e., proportions) are measured
on a different scale and are usually based on some cut-off score. Consequently, patients
might still fulfil some criteria to a rather severe degree and suffer from BPD manifestations
that do not qualify for a BPD diagnosis. Continuous outcome measures might therefore
be less sensitive to this bias. A final interesting predictor was the way trials handled
missing data. Completer analyses are generally not recommended because they use
biased samples (Little et al., 2012). Therefore, the fact that we did not observe differences
between completer analyses and modern ITT techniques was unexpected. Interestingly,
for the untransformed effect sizes, LOFC, with a moderate effect size, was related to
a smaller effect compared to other analysis types. This is in line with the often-heard
suggestion that LOFC methods are very conservative and thus produce smaller effect
sizes (Lachin, 2016).

Our findings also suggest that treatment format, setting, education level, assessment
type, substance use exclusion, medication policy, country of testing, and male proportion
are not related to treatment outcomes. However, the proportion of males was generally
very low and could also be indicative of a gender bias. The true proportion of male
patients with BPD is likely higher (Trull et al., 2010) than in the meta-analyzed studies,
which decreases the generalizability of our findings to male BPD patients. Moreover,
as publication year was not related to treatment outcomes, there are no indications
that, despite all developments, psychological treatments of BPD have improved over the
years. Note, however, that the most effective specialized treatments were developed and
tested rather recently (the mean publication years for MBT and ST were 2014 and 2012,
respectively). In addition, earlier trials might have been conducted on a smaller-scale and
might have been more susceptible to bias. Larger and more recent trials could have had
a better methodological quality. Therefore, it is possible that while treatments improved,
these effects were cancelled out by an improvement in overall study quality. However, we
found no relationship between trial type and study quality, and the treatment outcomes,
which corresponds to earlier findings (Kliem et al., 2010), supporting our decision to
include non-RTCs and uncontrolled studies. Also, we found indications that longer BPD
treatments were more effective, but this is inconsistent with earlier findings (Cristea et
al., 2017). Lastly, our findings were relatively robust to outliers and appeared unaffected
by publication bias (Lau et al., 2006).

Several questions remain unanswered by the present meta-analysis. First, the
interaction between treatment type and BPD domains was not included in our final
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models since several BPD domains were underrepresented or not addressed by (several)
treatments at all. We strongly recommend that future treatment studies investigate all
BPD-criteria to better document the effectiveness profiles of specific treatments. Second,
future meta-analyses should include follow-up treatment effects, because some BPD
domains might need more time to improve, and treatments might differ in their long-
term effectiveness. Third, it is important to examine the dose-response relationship of
treatment effects in more detail, given the observed relationship of time with treatment
effectiveness and the finding that inpatient and day-treatments were not related to
higher treatment outcomes compared to outpatient treatment. Fourth, future studies
should examine the effectiveness of the separate treatment ingredients (such as in DBT),
because this is relevant from a cost and time efficiency standpoint. Fifth, the findings
of the present study are based on adults with BPD diagnosed according to the DSM (a
categorical system), and therefore it is unclear to what degree these findings generalize
to younger populations with BPD or diagnoses based on dimensional systems, such as the
International Classification of Diseases, 11th edition (ICD-11, World Health Organization,
2019). However, the ICD-11 offers a borderline pattern qualifier, which has criteria that
are based on the DSM-5 BPD criteria (Bach & First, 2018). Thus, it is not expected that
using the ICD-11 as a diagnostic system would lead to a highly dissimilar patient group
or have a strong influence on the generalizability of the findings. Sixth, we did not
examine the cost-effectiveness of these treatments. Such studies are relatively scarce,
and more attention should be focused on conducting cost-effectiveness analyses. Studies
do suggest that specialized treatments, although more expensive, are cost-effective
(Meuldijk et al., 2017; Wetzelaer et al., 2017).

There are several limitations to our study, and we are aware that all conclusions
should be interpreted with these limitations taken into consideration. First, while the
inclusion of non-RCT designs greatly enhances the generalizability of the findings, it
limits the possibility to draw causal conclusions. Our main aim was therefore to provide
an extensive summary of the present BPD treatment outcome literature and to identify
overall patterns that should then be further tested in future primary studies. However,
our findings are similar to findings of other, more traditional meta-analyses (Cristea
et al., 2017; Oud et al., 2018; Storebg et al., 2020), and trial type (e.g., RCT or non-RCT)
was not related to treatment outcomes. Second, while the present study included
many predictors, we might have overlooked other important predictors. Third, some
treatment categories (e.g., TAU, reduced DBT) were quite heterogenous. While this is
difficult to avoid in a meta-analysis of such a large and broad sample of studies, it reveals
a lack of consistency in the included studies that also impacts other meta-analyses. The
field would therefore greatly benefit if research would focus on fewer treatments and
a single set of outcomes (and measures) to facilitate comparisons between studies.
Including such a broad range of studies might also have caused heterogeneity in other
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factors, such as specific characteristics of the included samples. Fourth, we were forced
to reduce some predictors to a smaller number of categories that, as a result, became
more heterogenous and more difficult to interpret. Fifth, to control for dependency in
effect sizes, we analyzed the data in a multilevel random effects model. Although several
authors recommend this method (van den Noortgate et al., 2013, 2015), its validity has not
yet been fully established. Several methods have been proposed to handle dependency
between effect sizes (Cheung, 2014), such as aggregating data (e.g., Cristea et al., 2017),
or using the correlation between instruments. However, such methods introduce new
difficulties or lead to a loss of power and valuable data (van den Noortgate et al., 2013).
Thus, adopting a multilevel method was viewed as the best method for our purposes.
Lastly, the observed log-linear relationship between treatment duration and outcomes
is in accordance with the dose—effect relationships found in other studies (Asay et al.,
2002; Lincoln et al., 2016). However, it should be noted that we modelled the time-effect
relationship, and that each model is imperfect. We therefore also used a second method
to correct for differences in treatment length by adding treatment duration as a covariate.
While imperfect, it is nevertheless an important improvement over other meta-analyses
that generally neglect this problem. Note that even when only RCTs are included, the fact
that differences between treatment and control arms might change over time is ignored
by collapsing RCTs with different time windows.

In conclusion, psychotherapy in general was more effective compared to TAU.
Moreover, three of the Big-4 treatments, ST, MBT and reduced DBT, were associated
with relatively larger effect sizes compared to the average of all treatments. Second, our
findings suggest that treatments should adopt a stronger focus on the BPD symptom
domains that show relatively small improvements. These domains, such as dissociation,
suicidality, and anger, proved to be more resistant to change and improved at a slower
rate. However, the fact that these domains still improve over the course of treatment
is an encouraging finding. Third, longer treatments were related to larger effect sizes
and early intervention seems preferable, as age was negatively related to treatment
effectiveness. A positive finding is that many variables, such as gender and substance
use exclusion, were not related to treatment outcomes. Fourth, the lack of effects from
treatment setting suggests that limited resources are better spent on good outpatient
psychotherapy than on relatively expensive inpatient and day treatments. However, there
is a strong need for more RCTs that test direct differences between the Big-4 treatments.
Taken together, we believe that this summary of the current state of affairs helped to
shed light on some uncertainties in the field and generated some interesting new ideas
to study in future research.
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SUPPLEMENTARY MATERIALS

Supplement 1: Search strings and results from the most recent
literature update (March 2019 to October 2019)

Psychinfo (OVID)

1. (borderline personality disorder/ or borderline states/ or borderline personality).mp.
(13495)

Limit 1 to yr="2019-Current”. (335)

(clinical trials/ or (clinical trial* or controlled trial* or RCT*).mp. (76403)

Limit 3 to yr="2019-Current”. (2999)

2 and 4. (20)

vk wN

Medline (OVID)

6. (borderline personality disorder/ or borderline personality).mp. (8734)
7. Limit 1 to yr="2019-Current”. (483)

8. (clinical trial/ or (clinical trial* or controlled trial* or RCT*).mp. (1372224)
9. Limit 3 to yr="2019-Current”. (52694)

10. 2 and 4. (34)

Embase (OVID)

11. (Borderline state/ OR Borderline personality).mp. (14162)

12. Limit 1 to yr= "2019-Current”. (629)

13. (clinical trial/ OR (clinical trial* or controlled trial* or RCT*).mp. (2015129)
14. Limit 3 to yr="2015-Current”. (101600)

15. 2 and 4. (54)

Cochrane Library
16. ("borderline personality"):ti,ab,kw AND ("clinical trial*" OR "controlled trial*" OR
RCT*):pt,ab,kw,ti. (97)
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Supplement 2: Quality Rating Checklist

1. BPD diagnosis made according to semi-structured diagnostic interviews, such as the
SCID (0 =no or unknown, 1 =yes, but with inadequate or unknown inter-rater reliability
[IRR], 2 = yes, with adequate IRR)

2. If atreatment manual was used (0 = no or unknown, 1 = yes, but treatment manual is
unpublished, 2 = yes, with published treatment manual)

3. Iftherapists were trained either specifically for the study or in a general training (0 = no
or unknown, 1 = no or unknown, but therapists are clearly experts, 2 = yes)

4. If treatment integrity was checked (0 = no or unknown, 1 = yes, by supervision, 2 = yes
by independent raters)

5. If data were analyzed using intent-to-treat (ITT) analyses (0 = no or unknown, 1 = yes,
but ITT analysis is partly violated, 2 = yes)

6. If the study was randomized (0 = no or unknown, 1 = yes, but randomization is partly
violated, 2 = yes)

If applicable, if randomization was independent and adequately concealed
If assessment interviews were conducted by independent or blind assessors (0 = no or
unknown, 1 =yes, independent or blind, 2 = yes, blind and independent)

9. Ifdropout was reported (0 = no, 1 =yes, but no distinction between types of dropout,
2 =yes, with adequate distinction between types of dropout)
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Supplement 3: Estimation of Cohen'’s d from binary outcomes

In case of binary outcomes, Cohens’ d was defined as:
d = In(OR)*/ (3)/m Eq. (1)

with In(OR) (OR = odds-ratio) defined by:
In(OR) = In(Oddspre) — In(Oddspost) = In(p’pre/(1-p'pre) )- In(p’post/(1-p’post))
Eq. (2)

and p’pre = corrected proportion meeting the outcome at pretest, p’post = corrected
proportion meeting the outcome at posttest.

Corrected outcome proportions were calculated with the Agresti-Coull method:
p’ = (n+2)/(N+4) Eqg. (3)

with n = observed number meeting the outcome and N = total number
(Agresti & Coul, 1998).
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Supplement 4: Estimation of Hedges’ g from Cohen’s d

Cohen’s d was transformed into Hedges’ g by the following formula:
g=(1-3/(4*d.f.- 1) *d, Eq. (1)

with d.f. = n-1, and n = the sample size

The variance of Hedges’ g was defined by:
02(g) = (d.f./ (n * (d.f-2))) + dA2 * (d.f.-(d.f.-2)/JA2)/ (d.f.-2)) * JA2, Eq. (2)
with J = (1-3/(4*d.f.-1))

For the transformed effect sizes, we used the logarithmic relationship between time in
weeks and effect size to calculate the effect size at 1 year. Thus, the transformed Hedges’
g was defined as follows:

Transformed.g =a * g/ (LN(time +1) Eq. (3)

With a = LN(53) and time = Duration in Weeks.

The standard error (SE), and thus the variance (by squaring the SE), of the transformed g
was calculated with the same formula as transformed g, by replacing g by the SE.
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Supplement 5: Table of included studies

Table S5
Characteristics of the Included Studies
Author(s), year Treatment Country N Quality Setting Format
Amianto, 2011 TAU Italy 17 1.1 Outpatient Individual
PDT 18 1.1 Outpatient Individual
Bales, 2012 MBT Netherlands 45 1.43 Day trmt. Combined
Barnicot, 2019 DBT UK 58 0.89 Outpatient Combined
MBT 32 0.89 Outpatient Combined
Bateman, 1999 MBT UK 22 1.33 Day trmt. Combined
TAU 19 1.00 Outpatient Individual
Bateman, 2009 MBT UK 71 1.56 Outpatient Combined
SCM 63 1.38 Outpatient Combined
Bellino, 2010 IPT Italy 27 m Outpatient Combined
Ben-Porath, 2004 DBT uUs 26 1.00 Day trmt. Combined
Blum, 2008 TAU us 59 0.80 Outpatient Individual
Bohus, 2000 DBT Germany 24 0.38 Inpatient Combined
Bohus, 2004 DBT Germany 40 0.88 Inpatient Combined
TAU 20 0.50 Inpatient Combined
Borschman, 2013 TAU UK 42 0.90 Outpatient Individual
Bos, 2010 TAU Netherlands 37 0.60 Outpatient Individual
van den Bosch, 2013 DBT Netherlands 39 1.13 Day trmt. Combined
Brassington, 2006 DBT NZ 10 1.25 Outpatient Combined
Brown, 2004 DBT us 32 1.50 Outpatient Individual
Carter, 2010 DBT Australia 38 1.33 Outpatient Combined
TAU+WL 35 0.89 Outpatient Individual
Clarkin, 2001 TFP uUs 23 1.25 Outpatient Individual
Clarkin, 2007 TFP us 30 1.44 Outpatient Individual
DBT 30 1.44 Outpatient Combined
PDT 30 1.44 Outpatient Individual
Comtois, 2007 DBT us 38 0.88 Outpatient Combined
Cottraux, 2009 CBT France 31 1.56 Outpatient Individual
cCT 31 1.56 Outpatient Individual
Davidson, 2006 DBT+TAU UK 54 1.89 Outpatient Individual
TAU 52 1.22 Outpatient Individual
Del Pozo, 2017 Mixed Germany 269 0.86 Inpatient Combined
Dickhaut, 2014 ST Netherlands 18 1.29 Outpatient Combined
Doering, 2010 TFP Austria 52 2.00 Outpatient Individual
CTBE 52 1.67 Outpatient Individual
Farrell, 2009 ST us 16 1.1 Outpatient Combined
TAU 16 0.67 Outpatient Individual
Fassbinder, 2016 ST Germany 10 1.25 Outpatient Group
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Trial Mean Mean Mean Prop. Data Substance ISCED Treatment
Type Age Axis | Axis I Males analysis exclusion level Duration
RCT 40.1 0.63 - 0.47 ITTunclear Dependence 3 52 weeks
39.2 0.63 - 0.56 3 48 weeks
oT 30.1 1.90 0.62 0.30 ITTmodern None 3 78 weeks
cT 29.3 2172 - 0.28 ITTmodern None - 52 weeks
34.3 1.563 - 0.28 - 52 weeks
RCT 30.3 2.67 - 0.32 Completers Abuse 3 78 weeks
333 247 - 0.53 2 78 weeks
RCT 313 3.03 1.39 0.20 ITTmodern Cl. Detox 4 78 weeks
30.9 3.08 1.23 0.22 4 78 weeks
RCT 26.2 - - 0.30 Completers Abuse 3 32 weeks
oT 35.5 1.02 - 0.04 Completers Abuse 3 26 weeks
RCT 316 - 2.7 0.14 ITTmodern Abuse 3 20 weeks
PS 28.3 - - 0.00 ITTmodern Dependence - 12 weeks
CcT 29.1 1.46 - 0.00 Completers Dependence - 12 weeks
29.5 1.81 - 0.00 - 12 weeks
RCT 36.1 - - 0.17 ITTmodern None - 26 weeks
RCT 31.8 - - 0.1 Completers None - 18 weeks
PS 26.0 - - 0.00 ITT lofc Cl. Detox 3 14 weeks
PS 34.3 - - 0.00 ITTmodern None - 26 weeks
oT 29.0 2.71 0.72 0.12 ITT lofc Cl. Detox 3 52 weeks
RCT 24.5 2.30 - 0.00 Completers Cl. Detox 3 24 weeks
24.7 2.30 - 0.00 3 24 weeks
oT 327 1.65 2.94 0.00 ITT lofc None - 52 weeks
RCT 30.9 2.33 - 0.08 Completers Dependence 4 52 weeks
30.9 2.33 - 0.08 4 52 weeks
30.9 2.33 - 0.08 4 52 weeks
oT 34.0 2.55 - 0.04 Completers Dependence - 52 weeks
RCT 343 3.09 1.12 0.28 Completers Dependence 5 52 weeks
32,6 3.09 1.27 0.18 5 52 weeks
RCT 324 - - 0.17 ITT lofc Dependence 3 52 weeks
314 - - 0.15 2 52 weeks
oT 35.0 3.00 0.39 0.16 ITTmodern Dependence 3 13 weeks
PS 28.5 2.38 0.89 0.00 ITTmodern Cl. Detox 3 104 weeks
RCT 27.5 1.60 - 0.00 ITT lofc Dependence - 52 weeks
27.2 1.50 - 0.00 - 52 weeks
RCT 353 - - 0.00 Completers None 3 30 weeks
35.9 - - 0.00 3 30 weeks
PS 35.0 5.1 1.80 0.00 ITTmodern Cl. Detox - 52 weeks
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Author(s), year Treatment Country N Quality Setting Format
Feigenbaum, 2012 DBT UK 25 1.56 Outpatient Combined
TAU 16 1.00 Outpatient Individual
Friedrich, 2003 DBT Germany 33 0.43 Outpatient Combined
Giessen-Bloo, 2006 ST Netherlands 44 1.56 Outpatient Individual
TFP 42 1.56 Outpatient Individual
Gratz, 2006 Mixed us 36 0.63 Day trmt. Combined
Gratz & Gunderson, 2006 TAU us 14 1.25 Outpatient Combined
Gregory & Sachdeva, 2016 DBT us 25 1.13 Outpatient Combined
DDP 27 1.00 Outpatient Individual
TAU 16 0.33 Outpatient Combined
Harley, 2007 DBTmin + TAU uUs 49 0.71 Outpatient Combined
Hoschel, 2006 DBT Germany 26 0.29 Inpatient Combined
Jacob, 2018 ST Germany 13 0.50 Outpatient Individual
Jorgensen, 2012 MBT Denmark 58 1.44 Outpatient Combined
PDT 27 1.22 Outpatient Group
Kellet, 2013 CAT us 19 113 Outpatient Individual
Koons, 2001 DBT S 14 1.56 Outpatient Combined
TAU 14 1.00 Outpatient Individual
Korner, 2006 PDT Australia 29 0.88 Outpatient Individual
TAU 31 0.25 Outpatient Individual
Kroger, 2006 DBT Germany 50 0.88 Inpatient Combined
Kroger, 2013 DBT Germany 1423 1.25 Inpatient Combined
Kréger, 2015 PDT Germany 269 1.43 Inpatient Combined
Laurenssen, 2018 MBT Netherlands 54 1.33 Day trmt. Combined
TAU 41 1.1 Outpatient Combined
Leerer, 1997 DBTmin us 14 0.88 Inpatient Group
Leppéanen, 2016 Mixed Finland 24 1.00 Outpatient Combined
TAU 47 0.78 Outpatient Individual
Linehan, 1991 DBT us 13 1.67 Outpatient Combined
TAU 13 1.1 Outpatient Individual
Linehan, 2006 DBT us 52 1.89 Outpatient Combined
CTBE 49 1.56 Outpatient Individual
Linehan, 2008 DBT us 12 1.67 Outpatient Combined
Linehan, 2015 DBT us 33 1.89 Outpatient Combined
DBTmin + TAU 33 1.89 Outpatient Combined
DBTmin + TAU 33 1.89 Outpatient Combined
Lof, 2018 MBT Sweden 75 1.29 Outpatient Combined
Loffler-Stastka 2006 PDT Austria 20 0.57 Inpatient Combined
Lyng, 2019 DBTyouth Ireland 19 0.63 Outpatient Combined
DBT 1" 0.63 Outpatient Combined
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Trial Mean Mean Mean Prop. Data Substance ISCED Treatment
Type Age Axis | Axis Il Males analysis exclusion level Duration
RCT 354 2.00 1.20 0.28 ITTmodern Cl. Detox 2 52 weeks
34.6 217 1.10 0.25 3 52 weeks
Nat. 334 318 0.12 0.09 Completers None 4 52 weeks
RCT 317 2.95 2.14 0.09 ITT lofc Cl. Detox 3 156 weeks
29.5 2.40 2.05 0.05 3 156 weeks
PS 28.6 - - 0.22 Completers Dependence 3 12 weeks
PS 333 - - 0.00 Completers Dependence 4 14 weeks
CcT 36.6 4.44 - 0.16 ITTlofc None - 52 weeks
28.0 4.28 - 0.15 - 52 weeks
29.3 5.13 - 0.31 - 52 weeks
Nat. 39.1 2.05 - 0.08 Completers None 4 30 weeks
Nat. 28.3 - - 0.13 Completers Dependence - 12 weeks
Nat 28.4 4.08 1.08 0.15 ITT lofc Cl.Detox 2 52 weeks
RCT 29.5 177 0.65 0.03 Completers Cl. Detox 3 104 weeks
29.7 1.44 0.65 0.07 3 104 weeks
oT 30.0 - - 0.17 Completers None - 26 weeks
RCT 34.5 - - 0.00 Completers Dependence - 26 weeks
354 - - 0.00 - 26 weeks
Nat. 279 - - 0.48 Completers Cl. Detox - 52 weeks
29.7 - - 0.41 - 52 weeks
oT 30.5 5.50 - 0.12 ITT lofc Cl. Detox - 13 weeks
oT 32.0 3.70 0.90 0.25 ITTmodern Cl. Detox 3 12 weeks
oT 35.0 3.01 0.26 0.16 ITTmodern Cl. Detox 3 12 weeks
RCT 34.0 2.33 0.70 0.22 ITTmodern Cl. Detox - 78 weeks
34.0 1.61 0.54 0.18 - 78 weeks
oT 319 - - - Completers Cl. Detox 3 52 weeks
RCT 319 - - 0.16 Completers Abuse - 52 weeks
323 - - 0.13 - 52 weeks
RCT 26.7 - - 0.00 ITT lofc Dependence 4 52 weeks
26.7 - - 0.00 4 52 weeks
RCT 29.0 2.81 0.38 0.00 ITTmodern None 4 52 weeks
29.6 3.20 0.41 0.00 4 52 weeks
PS 36.8 2.50 117 0.00 ITTmodern Dependence 3 26 weeks
RCT 31.2 212 0.97 0.00 ITTmodern None 3 52 weeks
30.1 2.06 0.76 0.00 3 52 weeks
29.8 1.97 0.49 0.00 3 52 weeks
Nat. 304 3.10 1.21 0.1 ITTmodern Cl. Detox 5 78 weeks
PS 38.2 - - 0.50 Completers Cl. Detox 3 6 weeks
cT 20.5 0.83 - 0.17 Completers Dependence 3 52 weeks
21.5 1.08 0.31 3 52 weeks
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Author(s), year Treatment Country N Quality Setting Format
Markowitz, 2007 IPT us 8 1.00 Outpatient Group
McMain, 2009 DBT Canada 90 2.00 Outpatient Combined
GPM 90 1.89 Outpatient Individual
McMain, 2017 DBTmin Canada 42 1.67 Outpatient Group
TAU 42 1.1 Outpatient Individual
Meares, 1999 PDT Australia 48 1.00 Outpatient Individual
Moen, 2012 DBT us 5 1.67 Outpatient Combined
Morey, 2010 CBT us 8 1.33 Outpatient Individual
Nadort, 2009 ST Netherlands 32 1.89 Outpatient Individual
ST 30 1.89 Outpatient Individual
Nordahl, 2005 ST Norway 6 0.71 Outpatient Individual
Nordahl, 2019 MCT Norway 12 1.14 Outpatient Individual
Nysaeter, 2010 PDT Norway 32 0.88 Outpatient Individual
Pascienzy, 2011 DBT Australia 43 0.88 Outpatient Combined
TAU + WL 47 0.25 Outpatient Individual
Perez, 2016 TFP us 10 0.63 Outpatient Individual
Perry, 2017 PDT Canada 15 0.25 Outpatient Individual
Prendergast, 2007 DBT Australia 16 0.88 Outpatient Combined
Priebe, 2012 DBT UK 40 1.44 Outpatient Combined
TAU 40 1.00 Outpatient Combined
Reiss, 2014-1 ST us 42 114 Inpatient Combined
Reiss, 2014-2 ST us 37 1.14 Inpatient Combined
Reiss, 2014-3 ST Germany 15 1.00 Inpatient Combined
Rizvi, 2017 DBT us 50 113 Outpatient Combined
Ryle, 2000 CAT UK 27 1.00 Outpatient Individual
Sachse, 2011 CBT UK 22 1.00 Outpatient Group
Simpson, 2004 DBT us 13 1.33 Outpatient Combined
Sinnaeve, 2018 DBT Netherlands 42 1.56 Outpatient Combined
DBT 42 1.56 Inpatient Combined
Smits, 2019 MBT Netherlands 44 1.50 Outpatient Combined
MBT 47 1.50 Day trmt. Combined
Soler, 2005 DBTmin Spain 39 1.00 Outpatient Group
Soler, 2009 DBTmin Spain 29 1.44 Outpatient Group
TAU 30 1.00 Outpatient Group
Sollberger, 2014 TAU Switserland 21 0.43 Inpatient Combined
Mixed 34 1.00 Inpatient Combined
Stanley, 2007 DBT us 20 0.75 Outpatient Combined
Stiglmayer, 2014 DBT Germany 70 1.50 Outpatient Combined
Turner, 2000 DBTmin Us 12 1.67 Outpatient Combined
CcCT 12 1.67 Outpatient Combined
Vaillancourt, 2017 DBT us 29 0.75 Outpatient Combined
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Trial Mean Mean Mean Prop. Data Substance ISCED Treatment
Type Age Axis | Axis I Males analysis exclusion level Duration
PS 34.0 2.05 0-.92 0.13 Completers None - 34 weeks
RCT 29.4 2.12 0.67 0.10 ITTmodern Dependence 3 52 weeks
31.3 2.03 0.66 0.18 3 52 weeks
RCT 27.3 2.14 - 0.17 ITTmodern None 4 20 weeks
321 2.36 - 0.26 4 20 weeks
cT 29.4 - - 0.37 Completers Cl. Detox 3 52 weeks
RCT 37.0 - - 0.40 ITT lofc Dependence - 16 weeks
PS 29.6 - - 0.25 ITT lofc None 3 6 weeks
RCT 31.8 2.16 - 0.03 ITT lofc Cl. Detox 3 78 weeks
321 2.40 - 0.03 3 78 weeks
CS 25.6 1.83 0.67 0.00 ITTmodern None - 95 weeks
oT 23.1 4.70 - 0.17 ITTmodern Dependence - 52 weeks
Nat. 28.9 2.82 1.74 0.19 ITT lofc Cl. Detox 3 156 weeks
cT 33.6 242 - 0.05 Completers None - 26 weeks
33.6 2.33 - 0.08 - 26 weeks
oT 27.8 1.00 0.60 0.00 ITTmodern None 4 52 weeks
oT 26.8 3.44 - 0.13 ITTmodern Abuse - 156 weeks
oT 36.4 1.18 - 0.00 Completers None - 26 weeks
RCT 33.0 7.50 3.40 0.13 Completers None - 52 weeks
31.3 8.50 3.50 0.13 - 52 weeks
PS 36.4 - - 0.03 Completers None 3 18 weeks
PS 31.6 - - 0.1 Completers None 3 12 weeks
PS 25.5 - - 0.00 Completers None 3 10 weeks
oT 29.5 2.84 0.88 0.20 ITTmodern None 4 26 weeks
S 343 0.98 - 0.41 Completers None 3 24 weeks
PS 39.0 1.86 0.27 0.14 ITTunclear Cl. Detox 3 8 weeks
RCT 327 0.91 - 0.00 Completers Dependence 3 12 weeks
RCT 25.6 1.35 - 0.05 Completers Cl. Detox - 52 weeks
26.2 1.35 - 0.05 - 39 weeks
RCT 29.9 2.60 1.50 0.20 ITTmodern None 3 78 weeks
314 2.60 1.30 0.16 3 78 weeks
RCT 26.3 - - 0.10 ITT lofc Dependence - 12 weeks
RCT 28.5 - - 0.21 ITTmodern Dependence - 13 weeks
30.0 - - 0.13 - 13 weeks
oT 29.4 2.42 0.50 0.25 Completers Abuse - 12 weeks
26.7 2.42 0.88 0.19 - 12 weeks
PS 32.2 - - 0.15 Completers None - 26 weeks
Nat. 30.1 2.04 0.68 0.09 Completers Dependence 3 52 weeks
- R T B
Nat. 35.9 2.48 0.14 0.04 Completers Dependence 5 59 weeks
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Author(s), year Treatment Country N Quality Setting Format
Verheul, 2003 DBT Netherlands 27 1.44 Outpatient Combined
TAU 31 0.89 Outpatient Individual
Weinberg, 2006 TAU us 15 0.80 Outpatient Combined
Wilberg, 1998 Th.Com Norwa 31 0.50 Day trmt. Combined
Th.Com 4 12 0.50 Day trmt. Combined
Wildgoose, 2001 CAT UK 5 114 Outpatient Group

Note. WL = Wait list, US = United States of America, UK = United Kingdom, Day trmt = Day treatment, OT = Open
Trial, PS = Pilot Study, Nat = Naturalistic study, CS = Case series, CT = Controlled trial, Cl. Detox = Exclusion of

Clinical Detox.
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Trial Mean Mean Mean Prop. Data Substance ISCED Treatment
Type Age Axis | Axis Il Males analysis exclusion level Duration
35.1 - - 0.00 3 52 weeks
RCT 347 . . 0.00 ITTmodern None 4 59 weeks
RCT 26.3 - - 0.00 ITTmodern Dependence 4 14 weeks
32.0 1.10 - 0.29 - 82 weeks
Nat 570 0.75 - 0.08 Completers None - 104 weeks
PS 39.4 - - 0.40 Completers Abuse - 16 weeks
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Supplement 7: Funnel plots for the final models of the
transformed effect sizes

Figure S7.1 Figure $7.2
Funnel Plot of the Transformed Effect Sizes Funnel Plot of the Transformed Effect Sizes After the
Removal of Outliers
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Supplement 8: Deviation contrasts of the transformed effect sizes
with the outliers removed

Table S8

Results of all Deviation Contrasts of the Transformed Effect Sizes after the Removal of Outliers
Contrast Mean (g) 95% Cl Ag Ag(se) Ag(t) Ag (p) Ag (p’)

(B) (se) ®

Average Age -0.019 [-0.032,-0.005] 0.007 -2.731 .007**
Treatment
DBT 0.811 [0.693, 0.928] -0.016 0.047 -0.346 .365 1.000
DBTmin 0.968 [0.791, 1.144] 0.140 0.078 1.799 .036* .254
ST 0.995 [0.819,1.172] 0.168 0.080 2.099 .018* 164
TFP 0.801 [0.624,0.978] -0.026  0.075 -0.348 .364 1.000
MBT 0.984 [0.807, 1.160] 0.157 0.080 1.964 .025% .200
TAU 0.537 [0.418, 0.655] -0.291 0.051 -5.752 <.007%** <.001%**
PDT 0.910 [0.740, 1.080] 0.083 0.074 1.125 31 653
CTBE 0.591 [0.355,0.827] -0.236  0.103 -2.286 .011* 113
Spec. Other 0.833 [0.696, 0.970] 0.006 0.061 0.092 463 1.000
CBT 0.998 [0.774,1.222] 0.171 0.105 1.624 .052 315
Th.Com 0.672 [0.114, 1.230] -0.155 0.264  -0.588 .278 1.000
Grand Mean 0.827
BPD Domain
General severity 1.236 [1.112,1.360] 0.409 0.049 8.272 <.001%** <.001***
Abandonment 0.745 [0.521,0.968] -0.083 0.093 -0.885 .188 416
Interpersonal 0.784 [0.593,0.975] -0.043 0.078  -0.554 .290 416
Identity 1.012 [0.800, 1.224] 0.185 0.088 2.098 .018* .073
Disturbance
Impulsivity 0.624 [0.486, 0.761] -0.203 0.053 -3.862 <.007*** <.007%**
Suicidality/Self- 0.623 [0.529,0.717] -0.204 0.039  -5.242 <.001*** <.007***
injury
Affective 1.097 [0.930, 1.265] 0.270 0.067 4.050 <.001%** <.001***
Instability
Emptiness 0.926 [0.708, 1.144] 0.099 0.091 1.088 139 416
Anger 0.627 [0.507, 0.747] -0.200 0.044 -4.531 <.0071*** <.007***
Dissociation 0.599 [0.434,0.763] -0.228  0.066 3.484 <.001%** <.001**
Grand Mean 0.827
Outcome Type
Continuous 0.681 [0.594, 0.767] -0.147 0.041 -3.562 <.0071*** <.007***
Dichotomous 0.974 [0.811, 1.137] 0.147 0.041 3.562 <.001%** <.007***
Grand Mean 0.827

Note.* p <.05.** p <.01. *** p < .001.
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Supplement 9: Chi-square test of the predictors and deviation
contrasts of the transformed effect sizes for the priority to total
scale sensitivity analysis

Table $9.1
Chi Tests of all the Predictors in the Full and Final Models of the Transformed Effect Sizes for the Total Scale
Sensitivity Analysis

Variable X2 df Loglikelihood p
Full Model 92 -191.780

Treatment 119.750 34 -251.655 <.007***
BPD Domain 230.128 35 -306.844 <.007***
Treatment * BPD domain 86.670 44 -235.115 .001**
Setting 2.271 90 -192.915 321
Format 1.730 920 -192.645 421
Quality 0.085 91 -191.822 771
Trial type 1.174 920 -192.467 .503
Publication year 0.168 91 -191.864 .682
Country of testing 0.273 920 -191.916 .873
Male proportion 0.411 91 -192.985 .522
Analysis type 18.151 89 -200.856 <.007***
Mean age 11.518 91 -197.539 .001**
Medication policy 1.615 91 -192.588 .204
Substance use exclusion 2.927 90 -193.243 232
Assessment type 3.209 89 -193.384 .361
Outcome type 7.245 91 -195.402 .007**
Final Model 24 -248.487

Treatment 70.353 14 -283.664 <.007***
BPD Domain 145.335 15 -321.155 <.007***
Outcome type 10.982 23 -253.978 .002**
Mean age 7.640 23 -252.307 .006**

Note. * p <.05.** p < .01.*** p <.001.
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Table S9.2

Results of all Deviation Contrasts of the Transformed Effect Sizes for the Priority to Total Scale Sensitivity Analysis
Contrast Mean (g) 95% Cl Ag Ag(se) Aglt) Ag (p) Ag (p’)

(B) (se) ® (p)

Average Age -0.026 [-0.046, -0.007] 0.001 -2.703 .007%*
Treatment
DBT 0.854 [0.695, 1.013] -0.021 0.060 -0.351 .363 1.000
DBTmin 1.060 [0.831,1.288] 0.184 0.099  1.864 .031* .283
ST 1.273 [0.976, 1.569] 0.398 0.138 2.881 .002** .021*
TFP 0.896 [0.649, 1.143] 0.021 0.102 0.204 419 1.000
MBT 1.002 [0.772,1.232] 0.127 0.101 1.252 .106 739
TAU 0.545 [0.386, 0.705] -0.330 0.062 -5.297 <.007*** <.001***
PDT 0.909 [0.700, 1.118] 0.034 0.086 0.397 .346 1.000
CTBE 0.670 [0.393,0.947] -0.205 0.117 -1.752 .040* 322
Spec. Other 0.851 [0.668, 1.034] -0.025 0.076 -0.322 374 1.000
CBT 0.962 [0.671,1.254] 0.087 0.133 0.657 .256 1.000
Th.Com 0.605 [-0.189, 1.399] -0.270 0372 -0.725 234 1.000
Grand Mean 0.875
BPD Domain
General 1.337 [1.189, 1.485] 0.461 0.061 7.587 <.007*** <.001%**
severity
Abandonment 0.837 [0.485, 1.189] -0.038 0.149 -0.256 .399 .556
Interpersonal 0.772 [0.426, 1.118] -0.103 0.146 -0.706 .240 .556
Identity 1.060 [0.726, 1.394] 0.185 0.141 1.310 .095 .382
Disturbance
Impulsivity 0.575 [0.391,0.760] -0.300 0.074 -4.052 <.007*** <.007***
Suicidality/ 0.716 [0.588, 0.843] -0.160 0.054 -2.981 .002%* .011*
Self-injury
Affective 1.119 [0.873, 1.366] 0.244 0.101 2.424 .008** .047*
Instability
Emptiness 1.010 [0.654, 1.367] 0.135 0.151 0.896 185 .556
Anger 0.648 [0.494, 0.803] -0.227 0.056 -4.020 <.007%** <.007***
Dissociation 0.677 [0.469, 0.886] -0.198 0.085 -2.342 .010* .049*
Grand Mean 0.875
Outcome Type
Continuous 0.723 [0.584, 0.862] -0.152 0.047 -3.232 .001** .001**
Dichotomous 1.027 [0.821,1.234] 0.152 0.047  3.232 .001** .007**
Grand Mean 0.875

Note.* p < .05.** p <.01. *** p < .001.
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Supplement 10: Graphs of the transformed effect sizes and the
priority to total scale sensitivity analysis

Figure $10.1

Bar Graph of the Estimated Marginal Means of the
Transformed Effect Sizes and the Sensitivity Analysis
on the Total Scale Results Based on the Log of Time,
Estimated at One Year of Treatment, with 95% Cis for all
Treatments. The Grand Mean is Depicted as a Horizontal
Lineatg=0.875

Figure $10.2

Bar Graph of the estimated marginal means of The
Transformed Effect Sizes and the Sensitivity Analysis on
the Total Scale Results Based on the Log of Time, at One
Year of Treatment, with 95% Cls Estimated for all BPD
Outcome Domains. The Grand Mean is Depicted as a
Horizontal Line at g = 0.875
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Supplement 11: Funnel plots of the final models for the total scale
sensitivity analysis on the transformed effect sizes

Figure S11.1 Figure $11.2
Funnel Plot of the Transformed Effects Sizes for the Funnel Plot of the Transformed Effects Sizes for the
Sensitivity Analysis of the Total Scale Results Total Scale Results Sensitivity Analysis with the Outliers
Removed
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Supplement 12: Deviation contrasts transformed effect sizes
priority to total scale sensitivity analysis with the outliers removed

Table S12
Results of all Deviation Contrasts of the Transformed Effect Sizes for the Priority to Total Scale Sensitivity Analysis
with Outliers Excluded

Contrast Mean 95% ClI Ag Ag (se) Ag (t) Ag (p) Ag (p’)
Average Age (B) (se) () (p)

-0.024 [-0.038,-0.011] 0.007 -3.487 .001**
Treatment
DBT 0.800 [0.668, 0.931] -0.015  0.048 -0.321 374 1.000
DBTmin 0.922 [0.730, 1.114] 0.107  0.082 1.310 .096 .573
ST 1.053 [0.808, 1.297] 0.238 0.1 2.142 .016* 148
TFP 0.792 [0.586, 0.999] -0.023  0.084 -0.272 .393 1.000
MBT 0.953 [0.770, 1.135] 0.138 0.078 1.758 .040*% .318
TAU 0.513 [0.382, 0.644] -0.302  0.050 -5.986 <.007*** <.007***
PDT 0.885 [0.707,1.062] 0.070  0.073 0.959 169 .845
CTBE 0.577 [0.342,0.812] -0.238  0.099 -2.418 .008** .080
Spec. Other 0.849 [0.699, 0.998] 0.034  0.062 0.541 .295 1.000
CBT 0.983 [0.747,1.219] 0.168 0.107 1.570 .059 410
Th.Com 0.640 [0.088, 1.192] -0.175  0.260 -0.674 .250 1.000
Grand Mean 0.815
BPD Domain
General severity 1.254 [1.136,1.372] 0.439 0.055 7.996 <.001*** <.001***
Abandonment 0.777 [0.452,1.102] -0.038  0.142 -0.268 .394 496
Interpersonal 0.718 [0.399, 1.037] -0.097 0.139 -0.697 243 496
Identity 0.980 [0.676, 1.284] 0.165 0.133 1.240 108 432
Disturbance
Impulsivity 0.556 [0.402, 0.710] -0.259  0.068 -3.792 <.007*** .001**
Suicidality/Self- 0.629 [0.533,0.724] -0.186  0.049 -3.803 <.007*** .001**
injury
Affective 1.050 [0.831, 1.269] 0.235  0.095 2.480 .007** .041*
Instability
Emptiness 0.956 [0.626, 1.286] 0141 0.144 0.974 165 496
Anger 0.603 [0.480, 0.727] -0.212  0.053 -4.021 <.0071*** <.007***
Dissociation 0.628 [0.448,0.808] -0.187  0.078 -2.400 .008** .042*
Grand Mean 0.815
Outcome Type
Continuous 0.677 [0.571,0.784] -0.138  0.040 -3.424 <.007*** .001%*
Dichotomous 0.953 [0.781, 1.125] 0.138  0.040 3.424 <.007*** .001**
Grand Mean 0.815

Note. * p <.05.** p < .01.*** p <.001.
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Supplement 13: Sensitivity analysis repeating the complete main
analysis on untransformed effect sizes

Main analysis
Model fit did not significantly improve when the number of Axis | and Il disorders and
ISCED level were added to the model, Dm(3, 153.63) = 0.07, p = .977, so we decided to
exclude these variables and to continue with a complete dataset. Both the within-study
variance (o2 = 0.123,X2 (1) = 557.83, p < .001), and the between-study variance (0 =
0.132, x2(1) = 82.02, p < .001), were significant. The percentage of sampling variance
was 12.20%, the within-study variance was 42.25% and the between-study variance was
45.55%.

According to our model selection procedure, there were three equivalent models.
The final model of the untransformed effect sizes consisted of the following predictors:
1) Treatment, 2) BPD outcome domain, 3) the log transformed treatment duration in
weeks, 4) analysis type, 5) the mean age of the sample and 6) outcome type. Our other
two models excluded either analysis type or mean age. The final model we chose was
the model with the highest significant log-likelihood ratio test statistic. Table $13.1 shows
the tests for the predictors in the full model and the final model. For our final model, the
within-study variance (62 = 0.076, X2 (1) = 248.414, p < .001), and the between-study
variance (o7 =0.039, X2 (1) = 21.620, p < 0.001), were significant. Sampling variance was
23.56%, within-study variance was 50.49% and between-study variance was 25.95%.
Thus, the final model explained part of the heterogeneity between and within studies,
although there was still considerable heterogeneity between and within studies.

Deviation contrasts

The average grand mean was large (g = 0.926).

Treatment

All treatments appeared effective in reducing BPD symptomatology, with effect sizes
ranging from medium to large. At one year, ST (g = 1.276), followed by MBT (g = 1.113),
was related to treatment effects compared to the grand mean.
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Table 513.1

Chi-Square Tests of all the Predictors in the Full and Final Models of the Untransformed Effect Sizes
Variable x? df Loglikelihood p
Full Model 107 -220.338
Weeks of Treatment 1.907 106 -223.335 167
Treatment 165.598 35 -303.137 <.007***
BPD Domain 259.315 36 -349.995 <.007***
Treatment * BPD domain 122.987 45 -281.831 <.007***
Setting 2.347 105 -221.5M1 .309
Format 2.963 105 -221.819 227
Quality 0.055 106 -220.366 .814
Trial type 0.802 105 -220.739 .670
Publication year 0.127 106 -220.401 721
Country of testing 0.624 105 -220.650 732
Male proportion 0.151 106 -220.414 .697
Analysis type 23.106 104 -231.891 <.007%**
Mean age 12.855 106 -226.765 <.007***
Medication policy 0.105 106 -220.390 .746
Substance use exclusion 0.132 105 -220.404 936
Assessment type 1.959 104 -221.317 .581
Outcome type 10.627 106 -225.651 .001**
Final Model 28 -286.633
Weeks of Treatment 6.494 27 -289.878 01*
Treatment 79179 18 -326.222 <.007***
BPD Domain 140.511 19 -356.888 <.007%**
Mean age 13.871 27 -293.568 <.007***
Analysis type 17.844 25 -295.555 <.007***
Outcome type 15.657 27 -204.456 <.007***

Note.* p <.05.** p <.01. *** p <.001.

TAU (g = 0.607) was less effective in reducing BPD symptoms compared to the average,
but still had an average effect. All results are shown in Table S13.2 and the graph is shown

in Figure S13.1.

BPD outcomes

At one year, the largest improvement compared to the average improvement over
all domains was found for overall general severity (g = 1.309), followed by affective
instability (g = 1.235). The least improvement was found for dissociation (g = 0.680),
impulsive behaviors (g = 0.726), anger (g = 0.728) and suicidality/self-injury (g = 0.750).
The estimated marginal means were medium to large; see Figure S13.2.
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Analysis type

Compared to the average at 52 weeks of treatment, LOCF analysis (g = 0.633) was related
to the smallest improvement in BPD outcomes, whereas ITT techniques from which the
exact method was unclear (g = 1.230), was related to the highest effects. The estimated
marginal means ranged from g = 0.633 to g = 1.230.

Outcome type

Continuous outcomes (g = 0.760) were related to smaller effects compared to the average,
whereas dichotomous outcomes (g = 1.091) were related to larger effects. The estimated
means were medium to large.

Table $13.2

Effects of Continuous Predictors and Results of all Deviation Contrasts of the Untransformed Effect Sizes at 1 Year
Contrast Mean (g) 95% Cl Ag Ag(se) Agl(t) Ag (p) Ag (p’)
Average Age (B) (se) ®

-0.028 [-0.042,-0.013] 0.007 -3.798 <.007%**
Log(Weeks) (B) (se) ®
0.102 [0.025,0.180] 0.040 2.595 .010*

Treatment
DBT 0.886 [0.734,1.037] -0.040 0.056 -0.715 .238 949
DBTmin 1.021 [0.824,1.218] 0.096 0.085 1130 130 777
ST 1.276 [1.064, 1.487] 0.350 0.092 3.813 <.007*** .001**
TFP 0.992 [0.775,1.210] 0.067 0.089 0.748 228 949
MBT 1.113 [0.882, 1.344] 0.187 0.100 1.871 .031* 279
TAU 0.607 [0.460, 0.755] -0.318 0.058 -5.520 <.007*** <.001**
PDT 0.955 [0.759, 1.151] 0.029 0.083 0.353 .362 949
CTBE 0.730 [0.449,1.012] -0.195 0.121 -1.615 .053 427
Spec. Other 0.871 [0.703, 1.039] -0.055 0.071 -0.768 221 .949
CBT 1.090 [0.843, 1.337] 0.165 0.119 1.387 .083 .581
Th. Com 0.639 [-0.056, 1.334] -0.286  0.325  -0.880 190 949
Grand Mean 0.926
BPD Domain
General severity 1.309 [1.153, 1.464] 0.383 0.051 7.450 <.007%** <.007%**
Abandonment 0.830 [0.574,1.086] -0.096 0.102 -0.935 175 525
Interpersonal 0.962 [0.752,1.171] 0.036 0.078 0.468 .320 525
Identity 1.044 [0.811,1.277] 0.118 0.091 1.303 .097 .386
Disturbance
Impulsivity 0.726 [0.561,0.891] -0.199 0.056 -3.582 <.007*** .001**
Suicidality/Self- 0.750 [0.621,0.879] -0.175 0.041 -4.236 <.007*** <.007***
injury
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Contrast Mean (g) 95% CI Ag Ag(se) Aglt) Ag (p) Ag (p’)
Affective 1.235 [1.044, 1.425] 0.309 0.068 4.552 <.007*** <.007***
Instability

Emptiness 0.992 [0.748, 1.236] 0.066  0.096  0.692 .245 .525
Anger 0.728 [0.578,0.877] -0.198 0.046 -4.287 <.007*** <.007***
Dissociation 0.680 [0.491, 0.868] -0.246 0.069 -3.537 <.007*** .001**
Grand Mean 0.926

Analysis Type

ITT Modern 0.908 [0.765, 1.051] -0.017 0.059 -0.296 .384 .768
ITT LOCF 0.633 [0.456,0.810] -0.293 0.072 -4.088 <.007*** <.007***
ITT Unclear 1.230 [0.911, 1.548] 0.304 0.118 2.578 .005** .015%
Completer 0.931 [0.796, 1.066] 0.006  0.056 0.102 460 .768
Grand Mean 0.926

Outcome Type

Continuous 0.760 [0.642,0.878] -0.165 0.044 -3.748 <.007*** <.007***
Dichotomous 1.091 [0.898, 1.284] 0.165 0.044 3.748 <.007*** <.007***
Grand Mean 0.926

Note.* p < .05. %% p < .01.%** p < 001.

Figure $13.1

Figure S13.2

Bar Graph of the Estimated Marginal Means with 95%  Bar Graph of the Estimated Marginal Means with 95%
Cl’s at one Year of Treatment for all Treatments for the ~ Cl’s at One Year Of Treatment for all Outcome Domains
Untransformed Effect Sizes. The Grand Mean is Depicted ~ for the Untransformed Effect Sizes. The Grand Mean is

as a Horizontal Line at g = 0.926

Depicted as a Horizontal Line at g = 0.926
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Treatment by Domain Interaction

We initially aimed to examine whether specific treatments are effective for particular
BPD criteria, but this interaction was not included in our final model. We decided to
explore these interactions (see Table $13.3), but we excluded treatments that did not
contain at least two effect sizes in a specific domain. At one year, TAU was associated with
smaller effect sizes in improvement of general severity, impulsivity, suicidality, affective
instability, anger, and dissociation. ST was related to larger effect sizes for impulsivity,
suicidality, anger, and dissociation. Lastly, compared to the average, DBT had smaller
effect sizes for anger.

Table S13.3

Deviation Contrasts of the Interaction Between Treatment and BPD Domain of the Untransformed Effect Sizes

at 1 Year
Domain Mean (g) 95% ClI Ag Ag(se) Ag(t) Ag (p) Ag(p’)
General Severity (n=82)
DBT 1.232 [0.673,1.792] -0.095 0.169 -0.563 .288 1.000
DBTmin 1.463 [0.821, 2.105] 0.135 0.241 0.560 .289 1.000
ST 1.279 [0.742,1.816] -0.049 0.178 -0.273 .393 1.000
MBT 1.458 [0.779,2.137] 0.130 0.218 0.597 276 1.000
TAU 0.646 [0.132,1.160] -0.682 0.141 -4.836 <.007%** .001**
PDT 1.644 [1.031, 2.257] 0.316 0.223 1.415 .081 .566
Spec. Other 1.293 [0.814,1.771] -0.035 0.193 -0.182 428 1.000
CBT 1.607 [0.940, 2.275] 0.280 0.285 0.979 165 993
Grand Mean 1.328

Abandonment (n=8)

ST 0.768 [-8.147,9.682] 0.212 0.586 0.362 .362 1.000
TAU 0.540 [-5.097, 6.176] -0.016 0.405 -0.038 488 1.000
Spec. Other 0.358 [-6.490, 7.207] -0.197 0.529 -0.372 .387 1.000
Grand Mean 0.555

Interpersonal (n=17)

DBT 0.488 [-0.767, 1.743] -0.461 0.513 -0.898 199 .798
ST 1.703 [0.224,3.182] 0.754 0.518 1.457 .094 A71
TAU 0.726 [-0.134, 1.5871] -0.222 0.374 -0.595 .285 .809
Spec. Other 0.626 [-0.465, 1.717] -0.323 0.500  -0.646 .270 .809
CBT 1.200 [-1.418, 3.819] 0.251 0.907 0.277 .395 .809
Grand Mean 0.949

Identity (n = 14)
ST 1.136 [-0.105, 2.377] 0.128 0.523 0.245 408 1.000
TAU 0.420 [-0.839, 1.679] -0.588 0.521 -1.127 155 .622
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Domain Mean (g) 95% ClI Ag Ag(se) Aglt) Ag (p) Ag (p’)
Spec. Other 0.820 [-0.486, 2.126] -0.187 0.591 -0.317 .382 1.000
CBT 1.654 [-2.781, 6.089] 0.646 1.478 0.437 .340 1.000
Grand Mean 1.008

Impulsivity (n=50)

DBT 0.547 [0.082,1.012] 0.0mM 0.103 0.104 459 1.000
DBTmin 0.553 [-0.028, 1.133] 0.016 0.191 0.085 466 1.000
ST 0.899 [0.340, 1.457] 0.362 0.205 1.764 .043* .302
TFP 0.534 [0.004, 1.064] -0.002 0.153 -0.016 494 1.000
TAU 0.234 [-0.202, 0.669] -0.303 0.110 -2.749 .005%* .037*
PDT 0.555 [0.009, 1.102] 0.019 0.159 0.118 453 1.000
Spec. Other 0.579 [0.050, 1.107] 0.042 0.145 0.289 .387 1.000
CBT 0.392 [-0.315,1.098] -0.145 0.252 -0.576 .284 1.000
Grand Mean 0.537

Suicidality (n=184)

DBT 0.726 [0.554, 0.898] -0.096 0.069 -1.404 .081 .568
DBTmin 0.798 [0.559, 1.036] -0.025 0.109 -0.229 409 782
ST 1.447 [1.012, 1.882] 0.624 0.196 3.183 .001** .009**
TFP 0.858 [0.549, 1.168] 0.036 0.129 0.277 391 782
MBT 1.032 [0.772,1.291] 0.209 0.115 1.823 .035% 316
TAU 0.559 [0.381,0.737] -0.264 0.078 -3.383 <.007*** .005**
PDT 0.638 [0.285,0.990] -0.185 0.164 -1.126 31 748
CTBE 0.670 [0.356, 0.984] -0.153 0.132 -1.156 125 .748
Spec. Other 0.721 [0.515, 0.926] -0.102 0.090 -1.133 129 .748
CBT 1.053 [0.754,1.353] 0.231 0.139 1.663 .049* .393
Th. Com 0.547 [-0.129, 1.223] -0.275 0.315 -0.875 191 748
Grand Mean 0.823

Affective Instability (n =27)

DBT 0.738 [0.119, 1.357] -0.362 0.268 -1.352 .098 .526
DBTmin 1.679 [0.783, 2.576] 0.579 0.407 1.423 .088 .526
ST 1.599 [0.620, 2.577] 0.499 0.359 1.389 .093 .526
TFP 0.892 [-0.142, 1.926] -0.208 0.420 -0.495 314 942
TAU 0.650 [0.031, 1.270] -0.450 0.251 -1.791 .047* 327
Spec. Other 0.996 [0.327, 1.665] -0.104 0.298 -0.348 .366 942
CBT 1.146 [-0.587, 2.879] 0.046 0.715 0.064 475 942
Grand Mean 1.100

Emptiness (n=9)

ST 1.639 [-5.453,8.730] 1135 0.568 2.000 148 329
TAU -0.202 [-4.083, 3.680] -0.705 0.253 -2.791 110 .329
Spec. Other 0.073 [-5.989, 6.135] -0.430 0.422 -1.020 247 329
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Domain Mean (g) 95% Cl Ag Ag(se) Ag(t) Ag (p) Ag (p’)

Grand Mean 0.503
Anger (n=184)

DBT 0.536 [0.178, 0.893] -0.108 0.063 -1.701 .046* .235
DBTmin 0.727 [0.328, 1.127] 0.084 0.112 0.748 .228 457
ST 1.077 [0.562, 1.592] 0.433 0.185 2.344 .011* .075
TFP 0.817 [0.383,1.251] 0.174 0.126 1.384 .085 .340
TAU 0.353 [-0.011,0.717] -0.291 0.079 -3.683 <.001*** .002**
PDT 0.525 [0.138,0.911] -0.119 0.095 -1.245 .108 .340
CTBE 0.397 [-0.050, 0.845] -0.246 0.138 -1.781 .039* .235
Spec. Other 0.716 [0.375,1.057] 0.072 0.133 0.545 294 457
Grand Mean 0.644

Dissociation (n=23)

DBT 0.345 [0.138,0.552] -0.068 0.079 -0.861 .202 .202
ST 0.926 [0.462, 1.390] 0.514 0.169 3.040 .004** .018*
TAU 0.118 [-0.148, 0.385] -0.294 0.11 -2.657 .009** .028*
Spec. Other 0.261 [0.000, 0.522] -0.151 0.105 -1.441 .086 172
Grand Mean 0.413

Note.* p <.05.** p <.01. *** p < .001.

Outliers and Bias

The final model identified 31 outliers based on the studentized values, which is near the
expected 5% (i.e., 5.79%). Most of these outliers had effect sizes of g > 1.28, although
two effect sizes were small (g = -0.037 and g = 0.277). Twenty outliers came from RCT
designs and most of them were based on continuous outcomes (n = 27). Important to
note is that the ST studies with outliers made up most of the ST studies. Several of these
studies or treatment arms contained only one outlying effect size, while multiple effect
sizes were included. However, three treatment arms contained either one or more effect
sizes that were all identified as outliers (Jacob et al., 2018; Nordahl et al., 2005; Reiss et al.,
2014-1). One study (Reiss et al., 2014-1) reported very large effect sizes (g = 2.36), while
there were two studies of which all effect sizes were identified as outliers (Jacob et al.,
2018 & Nordahl et al., 2005). The outliers from these last two studies had relatively small
effect sizes (g =0.28 and 0.64 respectively). Taken together, these outcomes might have
inflated or otherwise influenced the estimated effect sizes for the ST category, although
not all effect sizes were very large.

Egger’s test was significant, indicating a relationship between stronger effects and
lower precision, F(1, 508) = 376.437, p < .001, b = 5.895. The funnel plot (Supplement 14)
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showed a similar pattern as compared to the analysis of the transformed effect sizes.
The trim-and-fill procedure suggested that there were 51 residuals missing on the right
side of the funnel plot, whereas there were no effect sizes missing on the left side of
the funnel plot. This did not seem to correspond to Egger’s test, although the indices
of Egger’s test and trim-and-fill procedures do not always indicate similar conclusions
(Fernandez-Castilla et al., 2021). Simulating these additional effect sizes would lead to
an increase of the average effect size of g = 0.077.

After we removed all outliers, Egger’s test was still significant, F(1, 477) = 131.305, p <
.001, b=3.201. The funnel plot of the final model without outliers is shown in Supplement
14. All tests for the predictors in the final model were significant. For each predictor,
the grand mean was 0.831. Overall, effect sizes for treatments decreased, except for
therapeutic community treatment. In addition to ST and MBT, CBT was also related to
larger effect sizes compared to the grand mean. Also, CTBE was, in addition to TAU,
related to smaller effect. For BPD outcome domains, the pattern of results was similar,
and no differences were observed. The same applied to analysis type and outcome type
(see Supplement 15)
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Supplement 14: Funnel plots for the final models of the
untransformed effect sizes

Figure S14.1 Figure S14.2
Funnel Plot of the Untransformed Effect Sizes Funnel Plot of the Untransformed Effect Sizes with the
Outliers Removed
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Supplement 15: Deviation contrasts untransformed effect sizes
with the outliers removed

Table S15
Effects of Continuous Predictors and Results of all Deviation Contrasts of the Untransformed Effect Sizes with
Outliers Removed

Contrast Mean (g) 95% Cl Ag Ag(se) Agl(t) Ag (p) Ag (p’)
Average Age (B) (se) (®)

-0.024 [-0.036,-0.013] 0.006 -4.131 <.0071***
Log(Weeks) (B) (se) ®

0.087 [0.027,0.147] 0.031 2.856 .005**
Treatment
DBT 0.788 [0.677,0.900] -0.037 0.042 -0.877 190 1.000
DBTmin 0.885 [0.734, 1.035] 0.059 0.066 0.900 184 1.000
ST 1.109 [0.940, 1.278] 0.284 0.074 3.815 <.007*** .001**
TFP 0.846 [0.677,1.016] 0.021 0.071 0.297 .383 1.000
MBT 0.996 [0.826, 1.167] 0.171 0.074 2.293 .011* .089
TAU 0.534 [0.426, 0.642] -0.292 0.045 -6.490 <.0071*** <.0071**
PDT 0.816 [0.662, 0.969] -0.010 0.068 -0.146 442 1.000
CTBE 0.611 [0.400, 0.821] -0.215 0.091 -2.368 .009%* .082
Spec. Other 0.793 [0.670, 0.917] -0.032 0.054  -0.588 .278 1.000
CBT 1.028 [0.843, 1.213] 0.203 0.089 2.281 .011* .089
Th.Com 0.674 [0.147,1.200] -0.152 0.247 -0.613 .270 1.000
Grand Mean 0.826
BPD Domain
General severity 1.210 [1.090, 1.330] 0.384 0.043 8.857 <.0071*** <.007***
Abandonment 0.788 [0.579,0.997] -0.037 0.087 -0.425 335 755
Interpersonal 0.844 [0.669, 1.091] 0.018 0.070 0.261 .397 755
Identity 0.818 [0.618, 1.017] -0.008 0.083 -0.091 464 755
Disturbance
Impulsivity 0.662 [0.534,0.789] -0.164 0.047 -3.501 <.0071*** .002%*
Suicidality/Self- 0.674 [0.580, 0.789] -0.151 0.034 -4.434 <.007%** <.007***
injury
Affective 1.081 [0.928, 1.233] 0.255 0.059 4.316 <.0071*** <.007***
Instability
Emptiness 0.886 [0.683, 1.089] 0.060 0.084 0.715 .238 755
Anger 0.660 [0.549,0.772] -0.165 0.039 -4.240 <.001*** <.007***
Dissociation 0.632 [0.484, 0.780] -0.193 0.058 -3.345 <.0071*** .002%*
Grand Mean 0.826

Analysis Type
ITT Modern 0.844 [0.737,0.950] 0.018 0.0378  0.490 312 312
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Contrast Mean (g) 95% CI Ag Ag(se) Aglt) Ag (p) Ag (p’)
ITT LOCF 0.5883 [0.460, 0.706] -0.242 0.049 -4.981 <.007*** <.007***
ITT Unclear 1.094 [0.885, 1.303] 0.269 0.076 3.548 <.007*** .001**
Completer 0.781 [0.678,0.884] -0.044  0.037  -1.212 113 .226
Grand Mean 0.826

Outcome Type

Continuous 0.676 [0.594, 0.758] -0.149 0.035 -4.227 <.007*** <.0071***
Dichotomous 0.975 [0.826, 1.124] 0.149 0.035 4.227 <.007*** <.007***
Grand Mean 0.826
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Supplement 16: Sensitivity analysis — untransformed effect sizes
total scale results

Sensitivity Analysis Main Model

This sensitivity analysis was conducted using the untransformed effect sizes on total scale
results if included studies reported these in addition to subscale results. Model fit did not
improve when we added the three imputed variables with missing data, (Dm(3, 184.63)
= 0.12, p = .949). Both the within-study variance (¢ = 0.100, X% (1) = 318.783, p < .001)
and the between-study variance (o7 =0.177, X2 (1) = 100.577, p < .001) were significant.
The percentage of sampling variance was 12.49%, the within-study variance was 31.56%
and the between-study variance was 55.95%. Table S17.1 in, upper part, shows the results
for the full model.

For the untransformed effect sizes, the final model was almost equal to our first
analysis. Apart from analysis type, all predictors were included. Our final model consisted
of treatment, BPD domain, outcome type, mean age and the log transformed number
of weeks. The chi-square tests for the final model are shown in Table S17.1, lower part.
For the transformed effect sizes, the within-study variance (o7 = 0.047, X2 (1) = 97.350,
p < .001), and the between-study variance (o7 = 0.078, X2 (1) = 60.360, p < .001) of the
final model were also significant. The percentage of sampling variance was 24.00%, the
within-study variance was 28.61% and the between-study variance was 47.39%.

Sensitivity Analysis Deviation Contrasts
The average mean effect size was large; g = 0.855.

Treatment

At one year, ST (g = 1.220), followed by MBT (g = 1.033), was related to larger treatment
effects compared to the grand mean. TAU (g = 0.549), followed by CTBE (g = 0.646), were
related to smaller effects. All results are shown in Table $17.2. All estimated means were
moderate to large. The graph can be found in Supplement 18.

BPD outcomes

At one year, the highest improvement was found for general severity (g = 1.276), followed
by affective instability (g = 1.083). The least improvement was found for impulsive
behaviors (g = 0.588), followed by anger (g = 0.652), dissociation (g = 0.673), and suicidality
(g =0.701) (see Table S17.2). The estimated marginal means ranged from medium to large.

Outcome type

Continuous outcomes (g = 0.707) were related to less improvement, compared to
dichotomous outcomes (g = 1.004) at one year.
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Sensitivity analysis outliers and bias

Egger’s test was significant, F(1, 420) = 166.537, p < .001, b = 3.963. The trim-and-fill
procedure indicated that 36 residuals were missing on the right side, whereas 0 were
missing on the left side. This would increase the average effect size from 0.623 to 0.691.
There were 24 outliers (5.4%). Thirteen outliers were from general severity, and 9 from
suicidality. The funnel plots are shown in Supplement 19.

After removing outliers, all predictors were significant according to the chi square
tests. Egger’s test was still significant, F(1,399) = 81.421, p < .001, b= 2.482. The predictors
had an estimated grand mean of g = 0.809. The deviation contrasts of treatment showed
no differences compared to the analysis with outliers included, but the estimated means
were generally smaller. The same applied to BPD domain and outcome type. Results and
patterns were similar (see Table S20).
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Supplement 17: Chi-Square test of the predictors and deviation
contrasts of the untransformed effect sizes for the priority to total
scale sensitivity analysis

Table $17.1

Chi-Square Tests of all the Predictors in the Full and Final Models of the Untransformed Effect Sizes
Variable x? df Loglikelihood p
Full Model 93 -152.460
Weeks of Treatment 2.937 92 -153.929 .087
Treatment 124.120 35 -214.120 <.001%**
BPD Domain 229.782 36 -267.351 <.007***
Treatment * BPD domain 88.518 45 -196.719 <.007***
Setting 3.062 91 -153.991 .216
Format 1.859 91 -153.390 .395
Quality 0.001 92 -152.461 974
Trial type 1.467 91 -153.194 480
Publication year 0.770 92 -152.846 .380
Country of testing 0.346 91 -152.633 .841
Male proportion 0.921 92 -152.921 337
Analysis type 19.357 920 -162.139 <.007***
Mean age 11.388 92 -158.154 .001**
Medication policy 0.836 92 -152.878 .361
Substance use exclusion 0.782 91 -152.851 676
Assessment type 3.837 90 -154.379 .280
Outcome type 8.960 92 -156.940 .003**
Final Model 25 -208.938
Weeks of Treatment 5.255 24 -211.565 .022*
Treatment 70.338 15 -244.107 <.007***
BPD Domain 144.299 16 -281.087 <.007***
Outcome type 8.822 24 -213.348 .003**
Mean age 12.394 24 -215.134 <.007***

Note.* p <.05.** p <.01. *** p <.001.
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Table $17.2

Effects of Continuous Predictors and Results of all Deviation Contrasts of the Untransformed Effect Sizes for the

Priority to Total Scale Sensitivity Analysis

Contrast Mean (g) 95% Cl Ag Ag(se) Ag(t) Ag (p) Ag (p)
Average Age (B) (se) ®

-0.026 [-0.044, -0.008] 0.009 -2.905 .004**
Log(Weeks) (B) (se) (t)

0.119 [0.013,0.225] 0.054 2.210 .028*
Treatment
DBT 0.828 [0.680, 0.976] -0.028 0.057 -0.486 314 1.000
DBTmin 0.965 [0.758, 1.173] 0.110 0.090 1.222 an 778
ST 1.220 [0.951, 1.490] 0.365 0.126 2.900 .002** .020*
TFP 0.876 [0.640, 1.111] 0.020 0.098 0.208 418 1.000
MBT 1.033 [0.813,1.252] 0.177 0.098 1.810 .035* .284
TAU 0.549 [0.401, 0.697] -0.306  0.059 -5.236 <.007*** <.001**
PDT 0.903 [0.706, 1.101] 0.048 0.082 0.583 .280 1.000
CTBE 0.646 [0.383,0.909] -0.209 0.112 -1.871 .031* 279
Spec. Other 0.828 [0.658, 0.999] -0.027 0.072 -0.377 .353 1.000
CBT 0.947 [0.680, 1.214] 0.091 0.122 0.750 227 1.000
Th.Com 0.614 [-0.134, 1.363] -0.241 0.351 -0.687 246 1.000
Grand Mean 0.855
BPD Domain
General severity 1.276 [1.140, 1.413] 0.421 0.057 7.412 <.0071%** <.007***
Abandonment 0.820 [0.479, 1.161] -0.036 0.145 -0.245 403 .524
Interpersonal 0.758 [0.423,1.093] -0.098 0.142 -0.686 247 524
Identity 1.011 [0.701, 1.321] 0.156 0.132 1.181 119 476
Disturbance
Impulsivity 0.588 [0.417,0.758] -0.268  0.070 -3.845 <.007*** .0071%**
Suicidality/Self- 0.701 [0.584, 0.817] -0.155 0.051 -3.057 .001%* .008**
injury
Affective 1.083 [0.856, 1.309] 0.227 0.094 2.426 .008** .047*
Instability
Emptiness 0.994 [0.648, 1.339] 0.138 0.148 0.936 175 524
Anger 0.652 [0.510,0.794] -0.203 0.053 -3.848 <.007*** .001**
Dissociation 0.673 [0.482, 0.863] -0.182 0.078 -2.336 .010* .050
Grand Mean 0.855
Outcome Type
Continuous 0.707 [0.578, 0.835] -0.149 0.044 -3.414 <.007*** .001**
Dichotomous 1.004 [0.813, 1.196] 0.149 0.044 3.414 <.007*** .001**
Grand Mean 0.855

Note.* p < .05.** p <.01. *** p < .001.
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Supplement 18: Graphs of the untransformed effect sizes and the
priority to total scale sensitivity analysis

Figure $18.1

Bar Graph of the Estimated Marginal Means with 95%
ClI's at One Year of Treatment for all Treatments for the
Untransformed Effect Sizes and the Sensitivity Analysis
on the Total Scale Results. The Grand Mean is Depicted
as a Horizontal Line at g = 0.855

Figure $18.2

Bar Graph of the Estimated Marginal Means with 95% Cl’s
at One Year of Treatment for all Outcome Domains for the
Untransformed Effect Sizes and the Sensitivity Analysis on
the Total Scale Results. The Grand Mean is Depicted as a
Horizontal Line at g = 0.855
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Supplement 19: Funnel plots for the final models of the total
sensitivity analysis on the untransformed effect sizes focused on
total scale results

Figure $19.1 Figure $19.2
Funnel Plot of the Sensitivity Analysis on the Funnel Plot of the Sensitivity Analysis on the Untrans-
Untransformed Effects Sizes Focused on Total Scale formed Effect Sizes Focused on Total Scale Results with
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Supplement 20: Deviation contrasts untransformed effect
sizes priority to total scale sensitivity analysis with the outliers
removed

Table S20
Effects of Continuous Predictors and Results of all Deviation Contrasts of the Untransformed Effect Sizes for the
Priority to Total Scale Sensitivity Analysis

Contrast Mean (g) 95% ClI Ag Ag(se) Aglt) Ag(p) Ag (p’)
Average Age (B) (se) ®

-0.020 [-0.032,-0.008] 0.006 -3.234 .001**
Log(Weeks) (B) (se) (t)

0.120 [0.049,0.191] 0.036 3.357 .002**
Treatment
DBT 0.783 [0.660, 0.907] -0.026 0.046 -0.563 .287 1.000
DBTmin 0.867 [0.693, 1.041] 0.058 0.074 0.780 .218 1.000
ST 1.101 [0.866, 1.335] 0.292 0.106 2.755 .003** .031*
TFP 0.786 [0.587,0.985] -0.023 0.082 -0.284 .388 1.000
MBT 0.988 [0.810, 1.167] 0.179 0.077 2.324 .010* .083
TAU 0.517 [0.395,0.639] -0.292 0.048 -6.069 <.007%** <.007**
PDT 0.851 [0.681, 1.021] 0.042 0.071 0.592 277 1.000
CTBE 0.567 [0.344,0.791] -0.242 0.094 -2.566 .005%* .048*
Spec. Other 0.828 [0.689, 0.968] 0.019 0.059 0.323 373 1.000
CBT 0.959 [0.747,1.171] 0.150 0.096 1.557 .060 421
Th.Com 0.652 [0.098, 1.206] -0.157 0.260 -0.605 273 1.000
Grand Mean 0.809
BPD Domain
General severity 1.194 [1.083, 1.306] 0.385 0.052 7444 <.007*** <.001***
Abandonment 0.760 [0.444,1.077] -0.049 0.139 -0.352 .363 725
Interpersonal 0.825 [0.491, 1.159] 0.016 0.147 0.106 458 725
Identity 0.928 [0.648, 1.208] 0.119 0.123 0.968 167 .667
Disturbance
Impulsivity 0.559 [0.415,0.704] -0.250 0.064 -3.880 <.0071*** <.0071***
Suicidality/Self- 0.628 [0.537,0.718] -0.182 0.047 -3.893 <.001%** <.001%**
injury
Affective 1.018 [0.816, 1.220] 0.209 0.088 2.381 .009** .044*
Instability
Emptiness 0.940 [0.619, 1.262] 0.131 0.141 0.929 77 .667
Anger 0.610 [0.494, 0.725] -0.200 0.049 -4.037 <.001*** <.001***
Dissociation 0.629 [0.465, 0.793] -0.180 0.072 -2.509 .006** .037*
Grand Mean 0.809
Outcome Type
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Contrast Mean (g) 95% CI Ag Ng(se) Ag(t) Ag (p) Ag (p’)
Continuous 0.677 [0.576,0.779] -0.132 0.037 -3.533 <.007*** .001%*
Dichotomous 0.941 [0.779,1.103] 0.132 0.037 3.533 <.007*** .001%*
Grand Mean 0.809

Note.* p <.05.** p <.01. *** p < .001.
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