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Background: Borderline personality disorder (BPD) can be treated successfully with specific psychological
treatments, but there is no clear evidence of superiority of one specific treatment at the group level. Due to high
heterogeneity in BPD, individual patients might benefit differently from specific treatments.

Methods: Based on a randomised trial comparing 18 months of dialectical behaviour therapy (DBT) and schema
therapy (ST) for BPD, differential effectiveness was examined using causal forest analyses. Baseline variables on
BPD criteria, general psychopathology, traumatic childhood experiences, rejection sensitivity, level of func-
tioning, coping skills, schemas and medication were included to predict the Borderline Personality Disorder
Severity Index (BPDSI-IV) during treatment and follow-up (24 and 30 months after start of treatment).

Results: A subgroup was identified that benefited significantly more from DBT compared to ST. This group
showed a significantly greater reduction in symptoms post treatment (post-treatment difference of 5.79 BPDSI
points, SMD = 0.65, p = .028), but no longer at follow-up (p = .771). The group that showed better results with
DBT displayed a pattern of specific baseline characteristics: higher levels of functioning, less frequent emotional
neglect and sexual abuse, more severe anxiety symptoms and more pronounced schema ’failure to achieve’. No
pattern of variables was identified associated with a superiority of ST.

Conclusion: Moderators of the short-term effect of DBT versus ST were found. However, this moderator effect was
no longer significant at follow-up. Identifying patient characteristics associated with differential treatment effect
might be a promising way to improve BPD treatment outcomes faster.

Retrospectively registered (German Clinical Trials Register: DRKS00011534) without protocol changes.

1. Introduction

Borderline personality disorder (BPD) is a difficult-to-treat, prevalent
mental disorder associated with severe psychosocial impairments and a
high number of comorbidities (Bohus et al., 2021; Tomko et al., 2014).
Fortunately, ample evidence exists that BPD can be treated successfully
with BPD-specific psychological treatments (Stoffers-Winterling et al.,
2022; Storebp et al., 2020), including, among others, dialectical

behaviour therapy (DBT), mentalisation-based therapy (MBT), and
schema therapy (ST). So far, however, there is no clear evidence that a
particular disorder-specific treatment is superior to others. Furthermore,
no treatment has shown universal effectiveness, meaning there is always
a group of patients who do not respond satisfactorily (Woodbridge et al.,
2021). Given the high burden of disease related to BPD and the insuf-
ficient capacity of treatment places (Iliakis et al., 2019), research on
treatment variability is crucial. Even though emotional instability is a
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central feature of BPD (D’Aurizio et al., 2023), there is a high hetero-
geneity among patients with BPD indicating that individuals may
respond to different psychological treatments in different ways.
Enhancing knowledge of which patient characteristics are related to
better outcomes in specific psychological treatments could enable more
precise treatment recommendations (Cohen et al., 2021).

The variability in treatment effects is made up of random variability
and nonrandom variability. The latter can be associated with patient
characteristics and has been referred to as the heterogeneity of treat-
ment effects (HTE) (Varadhan & Seeger, 2013). To improve the outcome
of psychotherapy, detecting and quantifying HTE is of special interest. A
recent analysis showed that HTE can be assumed to exist for established
psychological BPD treatments (Kaiser & Herzog, 2023).

The most common approach to analyzing HTE are subgroup ana-
lyses, which can identify subgroups in a population that respond better
(or worse) to a specific treatment (Varadhan & Seeger, 2013). Whereas
in subgroups usually one variable at a time is evaluated as a potential
predictor, the personalised advantage index (PAI) (Chekroud et al.,
2021; DeRubeis et al., 2014) combines multiple potential moderators
and thereby enables the prediction of treatment response for a specific
patient receiving a given treatment.

Most randomised controlled trials on BPD used non-specialised
treatment control groups and did not compare two specialised treat-
ment arms. Given the limited resources available, an empirically based
treatment selection tool would help to increase the effectiveness of
mental health care. Thus, this promising approach has been used several
times in patients with depression (e.g. Friedl et al., 2020; van Bronswijk,
Bruijniks, et al., 2021; van Bronswijk, DeRubeis, et al., 2021), but only
one study has used the PAI for treatment selection in BPD patients (Keefe
et al., 2021). The results of this study indicated that patients reporting
more emotional abuse, showing more depressive symptoms, dependent
personality traits, and social maladjustment showed greater improve-
ment when they were treated with DBT, whereas patients with more
general symptoms and more impulsive BPD symptoms benefited more
from psychodynamic psychiatric management.

We recently compared outpatient DBT and ST for the first time in a
head-to-head randomised clinical trial in patients with severe BPD
(Assmann et al., 2024). In this study, patients in both treatment condi-
tions improved significantly over time, but there was no difference be-
tween DBT and ST in the overall reduction of BPD severity. Thus, the
average treatment effect (ATE), defined as the average difference of
outcomes between DBT and ST, was not significantly different from
zero. In addition to determining the average treatment effect, however,
one important objective of the study was to investigate personalisation
by identifying patients who especially benefit from DBT or ST, respec-
tively. Even though the ATE is near zero, individual treatment effects
might vary, which statistically manifests as HTE.

We explored which clinical baseline patient characteristics moder-
ated the effect of treatment (DBT vs. ST) on the reduction of BPD
symptom severity. The second aim was to develop a PAI that indicates
which patients benefit relatively more from which of the two treatments.
Since this is the first such analysis with BPD patients treated with DBT
and ST, we exploratively analysed which characteristics are associated
with better outcome in which treatment.

2. Methods
2.1. Sample

In this study, we analysed data from N = 164 patients with BPD
participating in the PRO*BPD study (Assmann et al., 2024). The study
was designed to compare the effectiveness of DBT and ST using a
randomised clinical trial. Patients were randomly assigned to one of the
two treatment options.

The study was reviewed and approved by the ethics committee of
Liibeck University, reference number 13-005. All patients provided
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written informed consent to participate.
2.2. Intervention

Patients received one group therapy sessions (100 min) and one in-
dividual therapy session (60 min) per week for up to 18 months of either
DBT or ST. Although both ST and DBT have their roots in CBT, there are
major differences between the two methods (for a detailed description
see Fassbinder et al., 2016). In DBT, the main focus is on teaching
emotion regulation skills (Linehan, 2015a, 2015b), whereas ST aims to
change core dysfunctional schemas developed from aversive childhood
experiences (Arntz & van Genderen, 2009; Young et al., 2003). Thera-
pists were advanced DBT and ST therapists as well as CBT-experienced
therapists who were new to ST or DBT, all of whom received training
before administering the treatment. All therapists received weekly su-
pervision sessions. For a detailed description of both interventions,
please refer to the study protocol (Fassbinder et al., 2018).

2.3. Measures

Assessments were completed at baseline, six months after the start of
treatment, 12 months after the start of treatment, post-treatment (18
months after start of treatment), and at two follow-up assessments (24
months and 30 months after start of treatment).

2.4. Outcome

2.4.1. Borderline Personality Disorder Severity Index for DSM-IV (BPDSI-
V)

The BPDSI (Arntz et al., 2003) is a semi-structured clinical interview
assessing manifestations of BPD criteria over the past three months. It
was developed according to the DSM-IV criteria and consists of 70 items
related to the nine BPD-criteria: (1) abandonment, (2) interpersonal
relationships, (3) identity, (4) impulsivity, (5) parasuicidal behaviour,
(6) affective instability, (7) feelings of emptiness, (8) bursts of anger, (9)
dissociation and paranoid ideation. Since criteria of BPD did not change
from DSM-IV to DSM-5 the BPDSI is also valid for DSM-5. Individual
cluster criteria scores from the baseline assessment were included as
predictors. The BPDSI yields scores per BPD-criterion, as well as a total
score, indexing the severity of BPD expressions during the last three
months. It has excellent psychometric features (Cronbach’s alpha =
0.85; interrater reliability 0.99, high validity and sensitivity to change)
(Giesen-Bloo et al., 2010; Kroger et al., 2013).

We used the total BPDSI score as the outcome variable. Like Keefe
et al. (2021), we intended to predict the reduction of BPD severity over
all measurement periods, representing long-term improvement. Thus,
we calculated the area under the curve of BPDSI values (BPDSI-AUC)
including five assessment points six, 12, and 18 months (during treat-
ment), as well as 24 and 30 months after the start of treatment (fol-
low-up), and used this variable as the prediction target. The Kalman
filter algorithm imputed missing data in the outcome variable. The
Kalman filter imputed both missing values at the end of a time series and
missing values between available values.

2.5. Moderators

The following measures were used to predict the reduction of BPD
symptoms. All measures were included at the subscale level if available.

2.5.1. Work and Social Adjustment Scale (WSAS)

The WSAS (Mundt et al., 2002) is a self-report measure of perceived
impairment in everyday tasks (e.g., work, leisure, or relationships). It
consists of five items rated on a 0 (not at all) to 8 (very severely) scale
that are summed to yield a single total score. The WSAS has shown to be
reliable, valid, and change-sensitive in different patient samples (Thandi
et al., 2017; Zahra et al., 2014).
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2.5.2. DBT ways of coping checklist (DBT-WCCL)

The DBT-WCCL (Neacsiu et al., 2010) is a self-report measure
designed to assess functional and dysfunctional coping skills. The first
subscale assesses functional coping behaviour (i.e., emotion regulation,
mindfulness, crisis survival, reality acceptance, and interpersonal
effectiveness). In contrast, the second subscale includes strategies that
are considered dysfunctional (e.g., self-blame, substance use, avoidance,
denial). The items are rated from 0 (never used) to 3 (regularly used) and
refer to the past month. The developers could find good to excellent
psychometric properties for the DBT-WCCL (Neacsiu et al., 2010).

2.5.3. Brief symptom inventory (BSI)

The BSI (Derogatis & Melisaratos, 1983) - a shorter version of the
Symptom Checklist-90-R - is an assessment tool designed to evaluate a
broad range of psychological symptoms and distress. This scale consists
of 53 items, which measure nine primary symptom dimensions (soma-
tisation, obsession-compulsion, interpersonal sensitivity, depression,
anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism)
and three global indices of distress and has good psychometric proper-
ties (Derogatis & Melisaratos, 1983). The nine symptom dimensions
were included as predictors.

2.5.4. Childhood trauma questionnaire (CTQ)

The CTQ (Bernstein et al., 2003) is a self-report instrument designed
to assess the history of childhood abuse and neglect in both clinical and
non-clinical populations with good psychometric properties
(Wingenfeld et al., 2010). It consists of 28 items that cover five main
dimensions: emotional, physical, and sexual abuse, as well as emotional
and physical neglect. The items are rated from 1 (never true) to 5 (very
often true).

2.5.5. Young Schema Questionnaire (YSQ)

The YSQ (Siegmund et al.,, 2011) is a self-report questionnaire
designed to capture dysfunctional schemas that are, according to
schema theory, deeply ingrained emotional and cognitive patterns that
can develop as a result of adverse childhood experiences. The German
version used in this study consists of 75 descriptive statements that are
rated on a 6-point Likert scale (1 = very inaccurate to 6 = very accurate)
and can be scored on the following schemas: abandonment, mistrust,
emotional deprivation, social isolation, dependence, vulnerability to
harm, enmeshment, failure to achieve, entitlement, insufficient
self-control, subjugation, self-sacrifice, emotional inhibition and unre-
lenting standards. The YSQ has adequate internal consistency and good
reliability (Baranoff et al., 2006).

In addition to these measures, the current medication status (medi-
cation vs. no medication) was included.

3. Statistics
3.1. Causal forest

The Causal Forest (CF) algorithm (Wager & Athey, 2018) is a ma-
chine learning method based on the random forest. It repeatedly splits
data using potential moderator variables to maximise the difference in
outcomes between two treatment groups. The importance of individual
variables was determined using the “drop and refit” procedure (Bénard
& Josse, 2023). This procedure involves fitting multiple CF models to the
data, leaving out individual variables to determine the change in pre-
dictive accuracy when they are not included in the model. This method
has been shown to produce more accurate variable importance scores
than other available alternatives, both in simulation studies and
real-world applications (Bénard & Josse, 2023). Higher importance
scores indicate that a variable is more relevant in determining differ-
ences in treatment outcomes, while the importance of variables that are
irrelevant for heterogeneity in treatment effects approaches zero. The
variable selection process was performed in two steps. First, a CF
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including all moderators was fitted, including a randomly generated
variable as an additional predictor. The importance of this variable was
used as a cutoff to select variables that contributed to the heterogeneity
of treatment effects. Next, a CF model using only the retained modera-
tors was fitted. CF was applied to the complete data set. Missing data in
moderators were handled internally by the algorithm using the missing
incorporated in attributes criterion (MIA) (Twala et al., 2008).

3.2. Estimates of differential treatment effects

In personalised treatment selection, it is common to assess the use-
fulness of statistical decision rules for assigning treatments by calcu-
lating the impact of receiving the best treatment based on the model’s
predictions. Patients who are predicted to show the strongest effects
under any of the treatments can be prioritised based on these pre-
dictions. We utilised the Target Operating Characteristic (TOC) to esti-
mate the benefit of this prioritisation for a range of percentiles,
providing estimates for the ATE if only a certain percentage of patients
with the highest predicted treatment outcomes were treated. The rank-
weighted average treatment effect (RATE) represents the area under the
TOC curve. A RATE that is significantly different from zero indicates that
the corresponding rule is effective in assigning patients to their optimal
treatment.

3.3. Additional statistical tests

We used the final CF model to predict the differences in outcomes
between DBT and ST for each patient in the dataset. This difference is
commonly referred to as conditional average treatment effect (CATE). A
predicted difference of zero indicates that, given the included cova-
riates, a patient is expected to show equal outcomes in both options,
whereas a significant deviation from zero suggests that a patient will
have a better outcome under one of the options. We determined sig-
nificant deviations from zero by calculating 95 % confidence intervals
for individual predictions. Positive values indicate that a patient is likely
to have a better outcome under DBT, while negative values suggest that
a patient may benefit more from ST. Patients were classified as having
received their optimal therapy when their predicted treatment effect
significantly differed from zero in the direction expected for the therapy
to which they were assigned.

We were also interested in whether patients for whom one of the two
methods was predicted to be optimal also benefited on the original scale
instead of the area under the curve. Thus, we fitted a piecewise linear
mixed model that predicts the BPDSI total score from two continuous
time variables (time during treatment, time during follow-up) and a
binary variable indicating whether a patient received their optimal
treatment (yes/no). We included random slopes and intercepts to ac-
count for differences in BPDSI baseline scores and to allow for individual
differences in symptom reduction over time. Following the well-
established dose effect in psychotherapy (Bone et al., 2021; Howard
et al., 1986), we assumed that symptom reduction was greatest during
the earlier stages of the active treatment phase and decreased in the
follow-up. We applied a base-10 logarithm to the time variables.

This model helped us determine the benefit of receiving the optimal
treatment on the actual scale of the primary outcome (i.e., the BPDSI
total score) instead of the area under the curve used for the CF model,
while still accounting for nonlinear trends.

4. Results
4.1. Sample characteristics

The data available for analysis included a total of N = 164 patients,
with 83 patients who received an average of M = 44.5 (SD = 18.10)

therapy sessions of DBT and 81 patients who received an average of M =
46.7 (SD = 16.20) ST sessions. The baseline sociodemographic and
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clinical characteristics of the sample are displayed in Table 1. The
available data decreased steadily over the course of treatment (from 80
% DBT and 85 % ST at 6 months to 61 % DBT and 63 % ST posttreat-
ment) and during the follow-up phase (52 % DBT and 42 % ST at 30
months), as would be expected with this disorder and the long follow-up
period. See main analysis for more details (Assmann et al., 2024).

4.2. Causal forest

Most predictors included in the CF model received a variable
importance that was lower than the random variable. For the final
model, the WSAS total score, CTQ sexual abuse and emotional neglect,
BSI anxiety, and YSQ ‘failure to achieve’ were retained. Table 2 provides
an overview of the relationships between the patient characteristics and
the superiority of one of the two treatment protocols. Graphical repre-
sentations of the nonlinear associations between individual predictors
and conditional average treatment effect (CATE) estimates are shown in
the Supplementary Material (Fig. S1).

On average, patients receiving ST had a 6.88 (95 % CI: 5.41; 12.29)
points higher BPDSI-AUC, indicating no significant advantage of either
DBT or ST when considering all points of assessment. However, the
RATE was estimated at 17.10 (95 % CI: 6.96; 27.24), indicating a sta-
tistically significant benefit of assigning patients to their optimal
treatment.

Table 1
Descriptive statistics at baseline.

Treatment condition

All DBT ST (n=81)
(N=164) (n=83)
Characteristic
Age, years M(SD) 33.71 34.54 32.85
(10.61) (11.15) (10.01)
Gender n(%)
male 33(20.1) 17 (20.5) 16 (19.8)
female 130 (79.3) 66 (79.5) 64 (79.0)
non-binary 1 (0.6) - 1(1.2)
Relationship status n(%)
Partner 82 (50.0) 41 (49.4) 41 (50.6)
No partner 82 (50.0) 42 (50.6) 40 (49.4)
Education level n(%)
No/primary education 9(5.5) 5(6.0) 4 (4.9)
Lower secondary education 92 (56.1) 46 (55.4) 46 (56.8)
Upper secondary education 49 (29.9) 26 (31.3) 23 (28.4)
Tertiary education 14 (8.5) 6(7.2) 8 (9.9
Ethnic background n(%)
German 151 (92.1) 78 (94.0) 74 (91.4)
Different 12 (7.3) 5 (6.0) 7 (8.6)
Work status n(%)
Working 20 (12.2) 7 (8.4) 13 (16.0)
Studying 17 (10.4) 7 (8.4) 10 (12.3)
Homemaker 12 (7.3) 6(7.2) 6 (7.4)
Disability Pension 41 (25.0) 22 (26.5) 19 (23.5)
Unable to work due to sick leave 44 (26.8) 25 (30.1) 19 (23.5)
Unemployed 15 (9.1) 8(9.6) 7 (8.6)
Retirement pension 3(1.8) 3(3.6) -
Other 12 (7.3) 5(6.0) 7 (8.6)
BPD-severity
BPDSI at Baseline M(SD) 32.80 33.19 32.39
(8.71) (9.38) (8.01)
Number of BPD criteria (SKID-II) 7.26 (1.26) 7.23(1.32) 7.30(1.21)
Comorbid Disorders M (SD)
Number of comorbid SCID-I 3.99(1.95) 4.12(1.88) 3.85(2.03)
Diagnoses
Number of comorbid SCID-II 1.35(1.12) 1.37(1.06) 1.32(1.18)
Diagnoses (excl. BPD)
Psychiatric medication’ n(%) 126 (76.8) 64 (77.1) 62 (76.5)
Previous treatment n(%) 154 (93.9) 82 (98.8) 72 (88.9)
Previous psychotherapeutic treatment 151 (92.1) 80 (96.4) 71 (87.7)

n(%)

Note. DBT: Dialectical Behaviour Therapy. ST: Schema Therapy.
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Table 2
Overview of the effects of retained predictors for the final causal forest model.

Variable Lower scores Higher scores
WSAS DBT > ST DBT = ST
CTQ-SA DBT > ST ST > DBT
CTQ-EN DBT > ST DBT = ST
BSI-ANX DBT > ST DBT = ST
YSQ-Failure DBT = ST DBT > ST

Note. WSAS: Work and Social Adjustment Scale. CTQ-SA: Childhood trauma
questionnaire, sexual abuse subscale. CTQ-EN: emotional neglect subscale. BSI-
ANX: Brief Symptom Inventory Anxiety subscale. YSQ-Failure: Young Schema
Questionnaire, ‘failure to achieve’ subscale. DBT: Dialectical Behaviour Ther-
apy. ST: Schema Therapy. “DBT > ST better outcome under DBT. “ST > DBT":
better outcome under schema therapy. “DBT = ST no better outcome in either
of the options. The predictors cannot be interpreted individually, but only in
combination.

Overall, 23 patients (17.83 %) received their optimal treatment ac-
cording to the CF model. As depicted in Fig. 1, there were only patients
predicted to show better treatment outcomes when receiving DBT.
While some patients had point predictions that showed greater
improvement under ST, their confidence intervals did not indicate a
significant difference from zero.

Fig. 2 summarises the course of BPDSI symptoms for patients who
received their optimal treatment and those who did not. Between these
groups, BPDSI scores were significantly different after treatment
completion, but not during follow-up.

The linear mixed model, as illustrated in Table 3, showed a signifi-
cant decrease in BPD symptoms over time in the treatment phase. When
marginalising over all time points, the patients who received their
optimal treatment had BPDSI scores that were on average 5.79 points
(95 % CI: 0.10; 11.47) or 0.65 standard deviations (95 % CI: 0.01; 1.30)
lower compared to those who did not receive their optimal treatment.

5. Discussion

In this study, we analysed data from the first randomised trial
comparing DBT and ST in patients with BPD to examine which patient
characteristics might be related to their differential effectiveness. The
results suggest certain patient characteristics may be related to differ-
ential effectiveness of DBT and ST.

As shown in Table 2, patients with a pattern of the following char-
acteristics: lower levels of everyday life impairment, less childhood
sexual abuse and emotional neglect, lower level of anxiety, and higher
scores on the schema ‘failure to achieve‘ improved more if they were
treated with DBT instead of ST. No variables were identified as being
related to a relatively better outcome after ST compared to DBT
treatment.

Symptom course over time shows that receiving the optimal treat-
ment is associated with a significant better treatment outcome in the
treatment phase until the post-treatment assessment. In the follow-up
phase, the optimal treatment group stagnated whereas the non-
optimal treatment group improved further. We found no evidence for
a between-group difference in this phase. One reason for this might be
the high proportion of missing values. Although we imputed missing
values, every imputation of missing values represents an additional
source of uncertainty in the parameter estimation (Rubin, 1987). It is
also possible that the effect of personalised assignment to DBT is actually
only temporary. This would also be a relevant finding, as a faster
reduction in symptoms implies less suffering and lower costs, particu-
larly in the case of severe borderline disorder studied in this sample.

The possibility to compare our results to previous studies is limited
since DBT and ST have never been directly compared in a randomised
clinical trial before. An ongoing multicenter trial comparing DBT and ST
aims to analyse differential treatment effects to enable treatment se-
lection for BPD patients (Wibbelink et al., 2022), but the study has not
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been completed yet. Nevertheless, our results regarding DBT differ from
those of Keefe et al. (2021) who found that more emotional abuse,
depressive symptoms, dependent personality traits, and social malad-
justment were characteristics associated with better outcomes after DBT
compared to psychodynamic psychiatric management (PPM). Especially
in terms of impairment und childhood maltreatment, these results
contrast with our findings. However, the sample size (N = 156) of Keefe
et al. (2021) was also too small to allow reliable clinical recommenda-
tions. This, along with the differences in interventions (ST vs. PPM),
sample characteristics, and instruments, might explain the inconsistent
results. Whereas the outcome of our analysis was the manifestation of
BPD criteria, Keefe et al. (2021) used the Global Severity Index (GSI) of
the Symptom Checklist-90, reflecting a broader assessment of psycho-
pathology and dysfunction. Regarding the predictors, there was a
certain overlap, but also clear differences between the analyses.

Our finding that patients reporting less sexual abuse and emotional
neglect improved more in the DBT treatment during treatment might be
explained by DBT’s focus on handling difficult emotions and tension in
present situation, instead of working with childhood memories,which is
one of the major foci of ST. The superiority of DBT for patients with less
impairment is unexpected, as previous studies suggest that DBT might
outperform other treatments for patients with higher impairment due to
its structured skills training (Keefe et al., 2021; Sahin et al., 2018). Given
the explorative character of our study, these results should be inter-
preted with great caution. This aligns well with previous findings
showing the difficulty of identifying stable moderators of treatment
outcomes in BPD (Herzog et al., 2020).

Of note, no pattern of moderators predicting a significantly better
outcome with ST treatment could be identified.

Further research is needed to determine whether our analysis failed
to identify patient characteristics related to a better outcome in ST due
to our sample size or the limited number of predictor variables, or
whether no such predictors exist. For example biological parameters,
such as sleep quality, would also be an interesting addition to the
moderators (Socci et al., 2024).

Although our results do not represent reliable recommendations for
clinicians because of the small sample sizes and the exploratory nature
of our study, the additional symptom reduction of 26 % when comparing
optimal and non-optimal treatment allocation might be considered as
clinically relevant, underlining the need for future research.

This analysis is the first comparing DBT and ST using an innovative
procedure to analyse differential treatment response. Further strengths
of the PRO*BPD trial also include the high quality of outcome measures,
the one-year follow-up period, and minimal exclusion criteria that
allowed BPD patients with a wide range of heterogeneity to participate.
The main limitation of our analysis is the relatively small sample size.
With N = 164 patients, powered to detect medium effect sizes between
groups, we can only gain an initial impression of the differential effec-
tiveness of ST compared to DBT, but cannot develop a reliable treatment
selection strategy. Clinical trials powered to detect medium effect sizes
between groups are often underpowered for treatment selection using
machine learning analyses (Lorenzo-Luaces et al., 2021; Luedtke et al.,
2019). The omission of sex- and gender-based analyses due to gender
imbalances and the limited sample size also restricts the generalizability
of our results. Lastly, the small sample size prevented holding out a
random subsample for cross-validation of the derived model. Therefore,
the present results should be tested in an independent sample. External
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Table 3

Results of the linear mixed model predicting BPDSI sum scores from time and optimal treatment allocation.
Parameter Estimate Std. beta 95 % CI Std. 95 % CI p

Lower Upper Lower Upper

(Intercept) 31.12 29.43 32.61 <0.001
log1o(Time: treatment) —19.59 —0.36 —22.28 -16.9 —0.41 —-0.31 <0.001
log1o(Time: follow-up) —6.48 —0.10 —9.51 —3.45 —0.15 —0.05 <0.001
Optimal treatment: Yes —1.53- -0.13 —6.96 3.90 -0.57 0.32 0.5581
log1o(Time: treatment) x Optimal treatment: Yes -10.35 -0.85 —19.56 -1.14 -1.61 -0.09 0.028
logqo(Time: follow-up) x Optimal treatment: Yes 1.54 0.02 —8.84 11.93 —0.14 0.19 0.771

R?narginal =0.22
RZonditional = 0-86

Tp = 7.76

Ttime: treatment = 11.17
Ttime: follow-up = 12.32

Note. 95 % CI: 95 % confidence interval. Std. beta: standardised regression coefficients. 95 % CIs and p values were computed using a Wald t-distribution approxi-
mation. log;o: base-10 logarithm. ana,ginal: variance in outcomes explained by fixed effects (i.e., time variables and optimal treatment assignment), R nditional® Variance
in outcomes explained by fixed and random effects (i.e., individual differences in baseline and symptom reduction). tip: standard deviation of intercepts. Tiime: treatments
Ttime: follow-up: Standard deviation of regression slopes for time variables. BPDSI: Borderline Personality Severity Index.

validation on an independent testing sample is necessary to assess the
real-world applicability of the model by evaluating its generalisability to
new populations. A systematic review of psychiatric prediction models
found that three quarters used at least one internal validation, but only
one in five were included external validation (Meehan et al., 2022).
Models that have undergone proper external validation have often
produced disappointing results (Chekroud et al., 2024; van Bronswijk,
Bruijniks, et al., 2021). Another limitation it the high proportion of
missing data at the follow-up assessments. Further limitations of the
PRO*BPD trial also apply to this analysis (Assmann et al., 2024).

6. Conclusions

This was the first study to analyse treatment heterogeneity in BPS
patients treated with ST and DBT. Our results provide explanatory sig-
nals that BPD patients with a certain pattern of characteristics showed
better acute treatment response to DBT, suggesting that treatment se-
lection might be a promising approach for these patients. Replications in
independent samples with larger sample sizes are required to confirm
our results to develop reliable treatment selection strategies that can
improve outcomes for BPD patients in clinical practice.
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