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“Vulnerability can breed strength”: The role of borderline personality
disorder severity in movement synchrony among patients with major
depressive disorder
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PAVEL GOLDSTEIN @, & SIGAL ZILCHA-MANO

Department of Psychology, University of Haifa, Haifa, Israel

(Received 31 December 2023; revised 21 Fanuary 2025; accepted 21 Fanuary 2025)

Abstract

Objective: Patients with Major depressive disorder (MDD) and a comorbid Borderline personality disorder (BPD) show a poorer
prognosis for MDD compared to patients without BPD. Little is known about the therapeutic processes underlying this prognosis.
The goal of the present study was to investigate whether patients with more severe BPD symptoms experience less strengthening in
patient-therapist movement synchrony (MS) throughout treatment, and whether less strengthening in MS is associated with less
effective sessions. Method: Ninety-five patients participating in a randomized control trial were assessed for BPD (XN = 9) using the
Structured Interview for DSM-IV Personality. 1367 video-taped sessions were analyzed for MS using Motion Energy Analysis.
Session effectiveness was evaluated following each session using a one-item scale taken from the Helping Skills Measure.
Multilevel models were used to assess whether BPD severity predicted MS throughout treatment, and whether MS predicted
session effectiveness. Results: Patients with more severe BPD symptoms experienced greater strengthening in MS throughout
treatment. Less MS strengthening was associated with less session effectiveness. Conclusion: These findings indicate unique
therapeutic processes that characterize individuals with more severe BPD symptoms. Shedding light on these unique processes
has the potential to contribute to the personalization of MDD treatment for patients with BPD.

Keywords: movement synchrony; borderline personality disorder; therapeutic processes; major depressive disorder;
personality disorders

Clinical or methodological significance of this article: Individuals with BPD are characterized as experiencing major
interpersonal dysfunction, including disturbances in their therapeutic relationships. Consistent with our hypothesis, patients
with MDD and higher severity of BPD symptoms showed distinct patterns of MS development during treatment. However,
in contrast to our hypothesis, patients with MDD and higher severity of BPD symptoms showed greater, as opposed to less,
strengthening in their MS. This greater strengthening was found to be a potential strength rather than a vulnerability for these
patients, as it was associated with greater session effectiveness.

Much theoretical and clinical research has been dedi- 2007). There are four core features which are charac-
cated to the conceptualization of the core struggles of teristic of patients with BPD (Andrew & Skodol,
individuals with borderline personality disorder 2005; Bohus et al., 2021; Gunderson et al., 2018;
(BPD), as well as their unique needs in psychother- Lieb et al., 2004); The first is a difficulty in regulation
apy (Bateman & Fonagy, 2016; Lynch et al., of moods and emotions, resulting in the experience of
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intense shifts. The second is an instability in self-
image or sense of self. The third is interpersonal dys-
function resulting in disrupted relationships, including
disturbances in their therapeutic relationships (Baker
& Beazley, 2022), and the fourth is dysregulation of
impulses, resulting in impulsive and unpredictable
behaviors. In addition to these core characterizing
struggles, patients with BPD commonly experience
high comorbidity with other mood disorders, with
the most prevalent one being major depressive dis-
order (MDD), with comorbidity ranging up to
86.6% at baseline, as shown during a 2-year follow-
up study (Zanarini et al., 2019).

Patients with BPD and a comorbid MDD tend to
demonstrate a more severe clinical presentation and
poorer prognosis than patients with MDD without
BPD in response to psychotherapy treatment for
MDD. Studies have shown that individuals with
BPD and MDD experience an earlier onset of
depression (Bellino et al., 2005; Joyce et al., 2003;
Tong et al., 2020), more chronic depressive episodes
(Gunderson et al.,, 2008; Joyce et al., 2003), a
greater risk of relapse (Grilo et al., 2010, but also see
Kline et al., 2024), and rate their depressive symptoms
as more severe (Distel et al.,, 2016; Kohling et al.,
2015; Stanley & Wilson, 2006). It has also been
shown that BPD hinders treatment outcome (Ceresa
et al.,, 2021). A comprehensive review by Ceresa
et al. (2021), suggested that the presence of BPD
hampers the treatment process, resulting in higher per-
sistence of depressive symptoms and a reduced rate of
remission. One example of a study included in the
review is a five-year study conducted by Riihiméki
et al. (2014), which found that patients with BPD
and MDD spent more time with depressive symptoms,
achieved full remission more slowly, and experienced
more chronic depressive episodes compared to
patients with MDD without BPD. These differences
persisted up to a 5-year follow-up. Another study
included in the review is a 3-year longitudinal study
that found that the presence of BPD significantly elev-
ated the risk of MDD persistence (Skodol et al., 2011).
From these studies, it may be inferred that there is a
need to tailor existing psychotherapy treatments for
MDD to the unique needs and characteristics of
patients who also experience symptoms of BPD (Riihi-
mdki et al., 2014). To achieve this, it is necessary to
acquire a better understanding of the ways in which
therapeutic processes that lead to change in psy-
chotherapy for MDD differ at the presence of BPD
symptoms (Kazdin, 2009; Kramer et al., 2022).

To the best of our knowledge, most studies to date
focusing on patients with BPD and MDD have
focused on treatment outcome, as opposed to thera-
peutic processes (for example, see Harned et al.,
2008), and almost no studies have investigated the

therapeutic processes that are associated with change
in patients with BPD and MDD (for an exception,
see Dinger et al., 2021). Although little is known
about the therapeutic processes in patients with
BPD and MDD, much research has been dedicated
to the identification of therapeutic processes that
lead to change in patients with BPD only (De Meu-
lemeester et al., 2018; Euler et al., 2019; Kramer
et al., 2017). A review by Levy et al. (2018),
showed that many forms of psychotherapy treatment
have been developed to address the unique struggles
of patients with BPD, and have been proven more
effective than waiting lists and psychotherapy treat-
ment as usual. Many of these psychotherapy treat-
ments developed for patients with BPD have
common targeted therapeutic processes that corre-
spond with core struggles of patients with BPD
(Levy et al., 2018), such as acquisition of emotion
regulation and adaptive coping skills, changes in inter-
personal patterns (Mehlum, 2021; Rudge et al.,
2020), and mentalization (Byrne & Egan, 2018).
These accumulating findings suggest that patients
with BPD may be more responsive to therapeutic pro-
cesses that are tailored to their core struggles.

It may also be suggested that while some thera-
peutic processes work better for patients with BPD
compared to other patients, some therapeutic pro-
cesses that work well for other patients may not
work as well for patients with BPD. For example,
over the last few decades, studies conducted on the
general population of patients with various disorders
have consistently indicated that the therapeutic alli-
ance is the most consistent predictor of treatment
outcome (Fluckiger et al., 2018). While existing lit-
erature indicates that this may be true for patients
with BPD as well (Barnicot et al., 2012), several
studies have emphasized the complexity in develop-
ing and establishing a positive therapeutic alliance
between patients with BPD and their therapists
(Baker & Beazley, 2022; Levy et al., 2010; McMain
et al., 2015). Due to the importance and centrality
of the therapeutic alliance in treatment, it is impor-
tant to further delve into the complexity of the thera-
peutic alliance among patients with MDD who
experience symptoms of BPD.

One way to dive deeper into the therapeutic alli-
ance of this clinical population would be through
self-report measures. However, patients with BPD
have been reported to experience a potential bias
when reporting on their interpersonal relationships,
due to experiences of disturbances in their perception
of others and their interpersonal interactions
(Barnow et al., 2009; Cavicchioli & Maffei, 2020;
Kanske et al., 2016; Lazarus et al., 2020). It can be
suggested that self-report measures may serve as an
obstacle when seeking to look deeper into the



therapeutic alliance and its’ complexity in patients
who experience symptoms of BPD. Therefore, it is
important to investigate the therapeutic alliance in
these patients by using an objective measure.

There are several promising candidates that have
been suggested in the literature to serve as objective
measures of the therapeutic alliance, such as
patient-therapist facial expressions synchrony (Yoko-
tani et al., 2020), hormonal synchrony (Levi et al.,
2024; Zilcha-Mano et al., 2020), vocal synchrony
(Nof et al.,, 2021) and physiological synchrony
(Kleinbub et al., 2020). One of the biomarkers that
has received the most empirical attention is patient-
therapist movement synchrony (MS; Zilcha-Mano,
2024), which is defined as the coordination of move-
ment between interacting partners, irrespective of the
specific postures or gestures displayed (Condon &
Ogston, 1966; Ramseyer & Tschacher, 2011).
Accumulating research on the association between
MS and the therapeutic alliance has shown mixed
results. Whereas some studies have shown that more
MS is associated with a better therapeutic alliance
and better treatment outcome, others either did not
find a significant association or found a negative associ-
ation between MS and the therapeutic alliance and
treatment outcome (for reviews, see Atzil-Slonim
et al., 2023; Wiltshire et al., 2020; Zilcha-Mano, 2024).

One potential explanation for these mixed-results
is that the tendency to synchronize with others may
be disorder-specific (Paulick et al., 2018), and there-
fore manifest differently in MS, depending on the
present disorders. For example, while studies have
shown that MS is higher in individuals with
depression and individuals with social anxiety when
compared to healthy controls (Altmann et al.,
2021; Asher et al., 2020; Shatz et al., 2024), MS
was found to be lower in individuals with depression
when compared to individuals with social anxiety
(Paulick et al., 2018). Meaning, not only do patients
with depression and patients with social anxiety were
found to differ from healthy controls, but they also
seem to differ from each other in their tendency to syn-
chronize with others. In the case of patients with BPD,
a study has shown that when inducing Oxytocin
hormone intra-nasally, which is expected to affect inter-
personal interactions, patients with BPD experienced a
decrease in levels of MS, while healthy controls experi-
enced an increase. It has been suggested that this differ-
ence between patients with BPD and healthy controls
may be explained through the mediating effect of
their interpersonal struggle (Ramseyer et al., 2020).

Based on the presented literature, we propose the
following conceptual model: due to patients with
BPD having interpersonal struggles, patients with
MDD and higher severity of BPD symptoms will
exhibit less strengthening in their alliance with their
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therapists through treatment, manifested as a mala-
daptive tendency to synchronize and less strengthen-
ing in MS with their therapists throughout treatment
(Mayo & Gordon, 2020; Zilcha-Mano, 2024). In
addition, much of the existing literature shows that
more MS is associated with better treatment
outcome across various clinical populations (Atzil-
Slonim et al., 2023; Wiltshire et al., 2020; Zilcha-
Mano, 2024), therefore, we hypothesized that less
strengthening in MS will predict less improvement
in session effectiveness, in our overall sample and
irrespective of BPD symptoms severity.

We chose to focus on session effectiveness as the
dependent variable, as opposed to other variables of
treatment outcome, for the following reasons:
Patients with BPD and MDD exhibit difficulties in
a wide variety of areas going beyond depressive
symptoms (Brodsky et al., 2006; Dixon-Gordon
et al., 2015), and they have a large heterogeneity in
their presenting problems and disabilities (Asnaani
et al.,, 2007; Rebok et al., 2015). Focusing on
session effectiveness enables capturing a broad spec-
trum of difficulties that these patients may face. In
addition, it captures the immediate subjective experi-
ence of the patients, which is crucial in patients with
BPD, who tend to experience fluctuations in their
internal states (Kanske et al., 2016). In addition,
similarly to studies conducted in recent years (for
examples, see Buronfosse et al., 2024; Sziics et al.,
2020; Yuan et al., 2023), we focused on BPD as a
continuous measure, as this has been shown to be
more reliable in the measurement of BPD in particu-
lar (Carcone et al., 2015) and more informative of
patients who do not meet the dichotomous criteria
(Morgan et al., 2013). Given the importance of dis-
entangling between- from within-patient variance
(Cohen et al., 2021; Prinz et al.,, 2021; Zilcha-
Mano, 2021), in the current study we disentangled
the trait-like component (the between-variance)
from the state-like component (the within-variance)
of MS, and focused on the state-like component of
MS to represent the individual-specific within
process changes in MS (Zilcha-Mano, 2021).

The overarching goal of the present study was to
test our proposed conceptual model. To achieve
this, we defined two aims: First, we investigated the
development of MS throughout treatment as a func-
tion of BPD severity. Second, we investigated
whether the development of MS throughout treat-
ment was associated with session effectiveness.
These hypotheses were tested in a randomized-con-
trolled trial (RCT; Zilcha-Mano, Goldstein et al.,
2021) providing short-term psychotherapy treatment
to patients with MDD, including patients with
varying severity levels of BPD symptoms. This
allowed us to explore the therapeutic process and
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its association with session effectiveness in a popu-
lation with varying degrees of this comorbidity.

Method
Study Design

One hundred and eighteen patients were included
in the pilot and active phases of the RCT providing
psychotherapy treatment for MDD (Zilcha-Mano
et al., 2018; Zilcha-Mano, Goldstein et al., 2021;
Zilcha-Mano, Shahar et al., 2021). Ten patients
were excluded from the current study due to the
session effectiveness one-item scale being introduced
into the study after their treatment had ended. An
additional thirteen patients were excluded due to
their treatment being held remotely during the
COVID-19 pandemic from the beginning of treat-
ment to the end, preventing MS scores from being
calculated. This resulted in ninety-five patients for
inclusion in the current study. The patients were
recruited through advertisements offering 16 50-
minute sessions of free treatment for depression.
The RCT compared supportive and supportive-
expressive psychotherapy treatment (SET; Luborsky,
1984; Luborsky et al., 1995). All participants signed
informed consent forms to participate in the RCT.
The RCT was approved by the ethical committee of
the University of Haifa. The participants (therapists
and patients) were not notified of the research ques-
tions addressed in the current study.

Inclusion criteria were as follows: (a) meeting
MDD diagnostic criteria based on structured clinical
interviews for Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (American Psychia-
tric Association, 2013), with scores above 14 on the
17-item Hamilton Rating Scale for Depression
(HRSD; Hamilton, 1967) at two evaluations, one
week apart, and current MDD based on the Mini-
International Neuropsychiatric Interview (Sheehan
et al., 1998); (b) if the patients were on medication,
their dosage had to be stable for at least 3 months
before entering the study, and they were asked to
maintain a stable dosage for the duration of the treat-
ment; (c) age between 18 and 60 years; (d) fluency in
Hebrew; and (e) provision of written informed consent.

Exclusion criteria were as follows: (a) current risk
of suicide or self-harm (HRSD suicide item score >
2); (b) current substance abuse disorder; (c)
current or past schizophrenia, psychosis, bipolar dis-
order, or severe eating disorder requiring medical
monitoring; (d) history of organic mental disease;
or (e) currently in psychotherapy. In the enrollment
to the RCT, patients with various comorbidities
were included, such as personality disorders, to rep-
resent the population of individuals with MDD.

Psychotherapy was found to be effective for patients
with MDD only, and with MDD and comorbid dis-
orders (Barber et al., 2013).

Participants

Patients. Ninety-five patients were included in
the analyses. The mean age of the patients was
31.24 years (SD = 8.62), and 61.1% were female;
mean level of education was 14.55 years (SD =
2.09); 50.5% reported that their monthly family
income was below the average monthly income per
family (about $4212), 22.1% reported it was
average, 24.2% reported it was above average, and
3.2% did not report income; 65.3% were employed,
32.6% were unemployed, and 2.1% did not report
employment. Of the participants, 78.9% were
single, 14.7% married, 5.3% were divorced or separ-
ated and 1.1% were widowed. 80% were Jewish,
1.1% were Christian, 8.4% were Muslim, 7.4%
were “other”, 1.1% were Druze, and 2.1% did not
report their religion. In addition to MDD, 74.7%
(N =171) of the patients were diagnosed with one or
more personality disorders, with comorbidity rates
as follows: avoidant (N = 39, 41.1%), obsessive-com-
pulsive (N=37, 38.9%), dependent (N=13,
13.7%), paranoid (N=11, 11.6%), narcissistic (/N
=11, 11.6%), borderline (IN=9, 9.5%), schizoid
(N=17, 7.4%), histrionic (N =5, 5.3%), and schizo-
typal (N=1, 1.1%). For a table of the patients’
demographics see Table S1 in online supplements.

Therapists. Out of nine therapists included in the
pilot and active phases of the RCT, seven therapists
were included in the analyses. All therapists had
formal training in psychodynamic treatment and at
least five years of expertise in its practice. The thera-
pists attended a 20-hour training workshop in sup-
portive and expressive techniques before seeing
patients. Two therapists did not continue into the
pilot phase after the training workshop. One therapist
did not continue into the active phase of the RCT,
and was included in the analyses. Six therapists com-
pleted treatment of two pilot patients, one of each
treatment type, and demonstrated sufficient adher-
ence before moving to the active phase of the RCT.
Throughout the study, the therapists received
weekly personal and group supervision provided by
two experienced licensed clinical psychologists, who
were further supervised by an international expert
in SET. To account for a potential therapist effect,
therapists provided treatment in both conditions to
act as their own controls and avoid nesting of thera-
pists within treatment conditions, which may result
in unwanted confounding. Mean clinical experience



of the therapists included in the current study was
11.88 years (SD = 5.73); their mean age was 39.89
(SD = 6.15); and 6 of the therapists were females.
The mean number of patients treated by each thera-
pist included in the current study was 9.67 (SD =
7.41; range = 1-18). Five of the therapists were
Jewish, one was Christian, and one was atheist.

Treatment

Patients received 16 weekly 50-minute sessions of
SET, a time-limited psychodynamic treatment
adapted for depression, either in an expressive-
focused condition (SET) or in a supportive-focused
condition (ST). Patients were randomized into one
of the two treatment conditions and assigned to one
therapist. Assignment to treatment condition was
conducted by an outside institution, not involved in
the study. Comprehensive treatment protocols were
used for SET: the Luborsky manualized treatment
(Luborsky, 1984; Luborsky et al., 1995). The ST
condition included all supportive techniques detailed
in the manual, excluding the expressive techniques
(as detailed in Leibovich et al., 2018). Supportive
techniques refer to techniques used to promote a
healthy therapeutic relationship, and expressive tech-
niques refer to techniques used to improve the
patients’ self~understanding through interpretations
of interpersonal themes (Luborsky, 1984). The
adherence of therapists to the treatment manuals
was assessed using the Penn Adherence-Competence
Scale (PACS; Barber & Crits-Christoph, 1996). The
results of the PACS coding were as expected (Zilcha-
Mano, Goldstein et al., 2021).

Measures

Diagnosis of borderline personality disorder.
BPD was assessed using the Structured Interview for
the Diagnosis of Personality Disorders (SIDP-IV;
Pfohl et al., 1997). This instrument is a comprehen-
sive, semi-structured clinical interview for the assess-
ment of DSM-IV Axis II diagnoses. The SIDP-IV
includes neutral questions organized into topical sec-
tions to produce a natural flow in the interview. The
number of criteria for each personality disorder in
the DSM-IV varies from 7 to 9, while in BPD specifi-
cally, there are 9 criteria. Criteria were rated as
follows: 0 =Absent, 1= Sub-threshold, 2 = Present,
3 = Strongly present. A score of 2 or more on at
least 3—5 criteria (depending on the personality dis-
order in question) is required for a diagnosis of the
identified personality disorder using a dichotomous
measure. The required criteria for the diagnosis of
BPD using the dichotomous measure, is to meet at

Psychotherapy Research 5

least 5 criteria out of 9 total possible criteria. The
instructions for the SIDP-IV specify a scoring rule
according to which behavior typical of the past 5
years represents the basis for the ratings. SIDP-IV
interviewers were masters or doctoral level clinical
psychologists, who received extensive training and
supervision in the administration of the SIDP-IV. Per-
sonality disorders were examined both as a dichoto-
mous and a continuous variable (Jane et al., 2006).
Consistent with compelling arguments made for the
assessment and study of BPD as a continuous
measure (Herpertz et al., 2017; Trull et al., 1990;
Trull & Durrett, 2005; Verheul, 2005; Wiggins &
Pincus, 2002), in the current study we operationalized
BPD as continuous measure for the main analyses. It
has been shown in previous studies that, for the
measurement of BPD in particular, a continuous
measure is most informative for patients who do not
reach the dichotomous criteria (Morgan et al., 2013)
and is more reliable than a dichotomous measurement
(Carcone et al., 2015). For sensitivity analysis, we
repeated the main analyses with BPD as a dichoto-
mous measure. In the current study, baseline
measurements of BPD were included in the analysis.
The inter-rater reliability of the BPD scale for the
patients included in the current study was assessed
using Cronbach’s a, yielding a value of 0.953.

Movement synchrony. Consent was obtained
from patients for all treatment sessions to be video-
taped and used for MS analysis. All sessions were
analyzed using Motion Energy Analysis (MEA; Ram-
seyer, 2020a).

Data collection. Data collection required a digital
video camera (with no specific codec required),
placed in a completely stable position throughout
the recording and a light source that was not
subject to large fluctuations. In order to provide
time-locked images, a single camera was used to
record both the patient and the therapist. The
videos were uploaded to a computer equipped with
the MEA software (Ramseyer, 2020a).

Sample analysis. Videos of the therapy sessions
were edited, using Corel VideoStudio Software, to
include only the segment of treatment during which
the patient and therapist remain seated. Digitized
sequences (25 frames/seconds) of the sessions were
analyzed using MEA (Ramseyer, 2020a). The soft-
ware was used to calculate the differences in gray-
scale pixels between consecutive video-frames in
four different regions of interest: the patient’s head,
the patient’s body, the therapist’s head and the thera-
pist’s body. This provided objective and quantitative
measures of the dynamic motion characteristics of
patient and therapist. Calculations of MS were
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conducted using the rMEA R-package (Kleinbub &
Ramseyer, 2021) for the statistical software R
(R core Team, 2013). For further details on the
sample analysis see online supplements.

Quantifying movement synchrony. The quantifi-
cation of MS was based on a time-lagged cross-cor-
relation algorithm. Cross-correlations between the
two partners’ time series, in window segments of 1-
minute duration, for positive and negative time lags
up to 5s in steps of 0.1s were computed by shifting
one time series in relation to the other stepwise (50
steps in each direction of positive and negative
lags). Cross-correlations were then standardized
(Fisher’s Z), and the absolute values of the cross-cor-
relations were averaged, to create one global value of
MS. The use of absolute values means that both
positive and negative cross-correlations contributed
positively to the 50-minute MS measure. This strat-
egy created a single value, representative of the global
MS between patient and therapist per session (Ram-
seyer, 2020a; Ramseyer & Tschacher, 2011).

Pseudo-synchrony. Following the work of Ram-
seyer and Tschacher (2010), in order to control
for spurious correlations, we examined MS com-
pared to pseudo-synchrony, which refers to MS
that was caused by random coincidence. The
present pseudo-interactions were generated on
short time scales by using an automated surrogate
testing algorithm (Ramseyer & Tschacher, 2010).
Surrogate data sets (=100 out of each genuine
data set) were produced by shuffling the 1-minute
segments of the original data, thus aligning patient’s
and therapist’s movement segments that never actu-
ally occurred at the same time. The original timing
of each individual’s movement within the session
was preserved, so that the shuffled segments still
reflected the actual timing of the occurrence of the
movement within that individual’s data. Pseudo-
synchrony for the shuffled data sets was calculated
identically to the way in which MS was calculated
for the original data set, as described above. For
the statistical comparison of MS versus pseudo-syn-
chrony, the mean value of the shuffled data sets was
calculated (i.e., the base level of pseudo-synchrony)
and compared with the value of genuine MS from
the original data set. Each session was characterized
by one value of genuine MS and one value of
pseudo-synchrony. MS was assessed with a z-trans-
formed MS variable: providing an effect-size esti-
mate of MS compared with pseudo-synchrony
(Ramseyer & Tschacher, 2011). The resulting
effect-size estimates were used as the MS scores
included in the analyses.

(synchrony — pseudosynchrony)/SD pseudosynchrony

Session effectiveness. Session effectiveness was
measured repeatedly by the patients after each of
the 16 weekly sessions, using a one-item scale for
assessment of overall session effectiveness, taken
from the Session Evaluation Scale (SES) of the
Helping Skills Measure (Hill & Kellems, 2002).
Originally, the SES included four items, each
rated on a 5-point Likert scale, with higher scores
reflecting perceptions of higher session quality.
Later, a fifth item was added requiring the patients
to “rate the overall effectiveness of this session”
ranging from 1 (not effective) to 5 (highly effective)
(Lent et al., 2006). In the current study we focused
on the ratings of the fifth item, which is a direct
assessment of session effectiveness, as we specifi-
cally aimed to assess session effectiveness. A com-
prehensive summary of the study design is
provided in Figure 1.

Data Analysis

The data of the present study was hierarchically
nested on three levels: sessions nested within
patients, nested within therapists. To account for
the resulting non-independence of effects, and to
prevent their inflation, we added the patient and
therapist as random effects, using the SAS PROC
MIXED procedure for multilevel modeling (Littell
et al., 2006) when testing both of our hypotheses:
(a) In patients with MDD, patients with higher sever-
ity of BPD symptoms will exhibit less strengthening
in their MS with their therapists; (b) patients with
less strengthening in their MS with their therapists
will evaluate sessions as less effective.

To examine both study hypotheses, we evaluated
the following trend models for each hypothesis:
without time; with time not including slope as
random; with time including slope as random; with
linear in log transformation of time, not including
slope as random; and with linear in log transform-
ation of time, including slope as random. The Like-
lihood Ratio test and the Bayesian Information
Criterion (BIC) were used to determine whether
the inclusion of each term improved the model fit
(For Log Likelihood and BIC values see Table S2
in the online supplements). The model that was
found to have the best fit for both hypotheses was
the model with linear in log transformation of time,
including slope as random. This is consistent with
accumulating findings suggesting that most of the
change in therapeutic processes occurs during the
first few sessions of treatment (Lutz et al., 2021).
Due to the usage of models with linear in log
transformation of time, we did not use an autoregres-
sive model, as an autoregressive model assumes a
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Figure 1. Study design.

constant correlation between adjacent sessions over
time (Bringmann et al., 2017).

Given the importance of disentangling between-
and within-patient variance when analyzing longitudi-
nal data (Wang & Maxwell, 2015), we calculated a
variable of MS values centered around the mean of
each patient-therapist dyad, which was used as a
measure reflecting the within-patient variance
throughout treatment for each patient, while account-
ing for the between-patient variance. The resulting
variable was used in all analyses conducted in this
study as the measure reflecting MS in each session.

Model 1. MS _stateijt = b0 + b1xBPDjj
+ b2xsessionlog(t)
+ b3xBPDij*sessionlog(t)
+ vj + uij

+ wijxsessionlog(t) + eijt

Model 2. Session Effectivenessijt
= b0 + b1xMS_stateijt + b2xsessionlog(t)
+ b3xBPDij 4+ vj + uij + wij*ksessionlog(t)
+ eijt
Nore. MS_stateijt and SessionEffectivenessijt are the
MS within-subject variance per dyad and session

effectiveness report (the dependent variable) of
patient i, treated by therapist j at session t, respect-
ively. BPDij is the baseline severity of BPD of
patient i treated by therapist j. Sessionlog(t) is
session t after linear in log transformation of time. vj
and uij are the random effects (intercepts) of therapist
j and patient i treated by therapist j. wij is the random
effect of time. eijt is the random error. All random
effects have a normal distribution, with a mean of
zero, and are independent of each other, except for
uij and wij, which are correlated (within a patient).

Given the relatively low percentages of missing
data for BPD (0.0%), MS (6.8%) and session effec-
tiveness (5.1%) and due to the ability of multilevel
models to handle missing data under the missing at
random assumption (Gallop & Tasca, 2009), we
did not conduct any data imputation. This resulted
in a total of 1,367 sessions included in the analyses,
with an average of 14.39 sessions per patient and
an average of 195.29 sessions per therapist.

As sensitivity analyses, we repeated our models
with treatment condition controlled, MDD severity
at baseline controlled and the trait-like component
of MS controlled. We repeated our models with the
state-like component of MS replaced by raw MS
scores (preceding the disentanglement of the state-
and trait-like components) and by MS calculated
without using absolute values (Tschacher & Meier,
2020). We also repeated our models with session
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effectiveness replaced by the state-like component of
session effectiveness, and by MDD severity
measured using HRSD, which served as the RCT’s
main outcome. In addition, we repeated our
models with BPD as a dichotomous measure, as
opposed to a continuous measure. Lastly, we
assessed the association between BPD severity at
baseline and the state-like component of MS at the
first session, to determine whether patients with a
higher severity of BPD symptoms started treatment
with significantly lower levels of MS and experienced
more strengthening in MS as a result of compen-
sation (Cheavens et al., 2012; Zilcha-Mano, 2021).

Results

MS and session effectiveness were found to
strengthen over time (F(1,1360)=4.19, »<0.05,
F(1,1381) =51.87, p < 0.001, respectively). Examin-
ing our first hypothesis, we found that BPD severity
was a significant predictor of MS strengthening
over time. This indicates that patients with higher

Table I. Model 1 results.

Model Predictor Estimate SE t P
MS_state BPD -0.04* 0.02 -2.22 0.03
(predicted by
BPD)
Sessionlog -0.05 0.07 —-0.81 0.42
BPD x 0.02* 0.01 2.32 0.02
Sessionlog

Note. Model 1 = the state-like component of patient-therapist
movement synchrony, predicted by the interaction between the
patient BPD severity at baseline and linear in log transformation of
time; MS_state = the state-like component of patient-therapist
movement; BPD = patient’s BPD severity at baseline; Sessionlog
= linear in log transformation of time; X = Interaction term; SE =
standard error.

*p<0.05.

Table II. Model 2 results.

severity of BPD symptoms at baseline experienced
greater strengthening in their MS with their thera-
pists throughout treatment (Table I). As for our
second hypothesis, MS was a significant predictor
of session effectiveness scores over time. This indi-
cates that patients who experienced less strengthen-
ing in their MS with their therapists throughout
treatment also reported lower session effectiveness
scores throughout treatment (Table II).

Sensitivity Analyses

Several sensitivity analyses were conducted. Findings
were replicated when controlling for treatment con-
dition, MDD severity at baseline and the trait-like
component of MS (Tables S5, S6 and S7). In
addition, findings were replicated when the state-
like component of MS was replaced by raw scores
of MS and by MS calculated without using absolute
values (Tables S8 and S9). Findings were also repli-
cated when session effectiveness was replaced with
the state-like component of session effectiveness
(Table S10). However, findings were not replicated
when session effectiveness was replaced by MDD
measured using HRSD, the RCT’s main outcome
(Table S11). Findings were replicated when BPD
was used as a dichotomous measure (for results see
Table S12; for descriptives see Table S13). For all
sensitivity analyses model equations see online sup-
plements. Finally, there was no significant associ-
ation between BPD severity at baseline and the
state-like component of MS at the first session.

Discussion

The overarching goal of the present study was to test
our conceptual model, suggesting that in patients
with MDD, patients with higher severity of BPD
symptoms would exhibit less strengthening in MS

Model Predictor Estimate SE t P
SessionEffectiveness MS_state 0.07** 0.02 3.22 0.001
(predicted by MS_state)
BPD 0.01 0.02 0.45 0.66
BPD X Sessionlog 0.27*%** 0.04 7.26 <.001

Note. Model 2 = session effectiveness evaluated by patients post-session predicted by the state-like component of patient-therapist
movement synchrony while controlling for the effect of linear in log transformation of time and the patient BPD severity at baseline;
SessionEffectiveness = session effectiveness as evaluated by the patients post-session; MS_state = the state-like component of patient-
therapist movement synchrony; BPD = patient BPD severity at baseline; Sessionlog = linear in log transformation of time; SE = standard

€rror.
*p <0.01.
#5p < 0.001.



throughout treatment. In addition, in the overall
sample, less strengthening in MS would predict
lower session effectiveness as evaluated by the
patients. Our conceptual model was partially con-
firmed. The first path proposed by our conceptual
model suggested that in patients with MDD, patients
with higher severity of BPD symptoms would show
less strengthening in their MS with their therapists,
as an expression of their interpersonal struggles.
The first path was partially confirmed; patients with
higher severity of BPD symptoms did show a differ-
ent development of MS throughout treatment,
which may indicate a unique pattern of MS develop-
ment characteristic to patients who also experience
symptoms of BPD (Paulick et al., 2018). However,
this development was in the opposite direction of
our hypothesis. Patients with higher severity of
BPD symptoms showed greater strengthening in
their MS with their therapists, as opposed to less
strengthening. One possible explanation for the
unexpected direction of this effect is the high depen-
dency that patients with BPD tend to experience on
others, in interpersonal relationships (Bornstein
et al., 2010; Van Der Kolk et al., 1994). It can be
speculated, based on the current findings, that the
high dependency that patients with BPD experience
with others may manifest in a strengthening of MS.

The second path proposed by our conceptual
model suggested that patients with less strengthening
in MS with their therapists would also evaluate ses-
sions as less effective. The second path of our con-
ceptual model was confirmed. The findings showed
that patients whose MS with their therapists
showed less strengthening throughout treatment
also evaluated sessions as less effective. This finding
is consistent with previous findings supporting a
positive association between MS and treatment
outcome (Atzil-Slonim et al., 2023; Wiltshire et al.,
2020; Zilcha-Mano, 2024). The finding that higher
levels of MS are associated with better treatment
outcome, has been found across various studies, con-
ducted on a variety of clinical populations, such as
patients with chronic depression (Arnow et al.,
2013), post-traumatic stress disorder (Howard
et al.,, 2022) and eating disorders (Graves et al.,
2017). In the current study we have replicated this
positive association between MS and session effec-
tiveness in patients with MDD, including patients
with BPD symptoms. However, this finding contrasts
with a handful of studies that were not able to show a
significant association, or showed a negative associ-
ation, between MS and treatment outcome (Atzil-
Slonim et al., 2023; Zilcha-Mano, 2024). Future
studies should systematically explore for whom and
when a negative association emerges between MS
and session effectiveness (Galbusera et al., 2019;
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Paladino et al., 2010), as has been demonstrated in
MS and session effectiveness as evaluated by the
therapists (Ramseyer, 2020b), and other forms of
synchrony (Gernert et al., 2023; Reich et al., 2014;
Schoenherr et al., 2021).

Taken together, the findings from the current
study may be complementary to one another,
suggesting a unique role that the therapeutic alliance
may play in patients with MDD, with higher severity
of BPD symptoms. One possible post hoc specu-
lation may lie in the high dependency that patients
with higher severity of BPD symptoms tend to
experience with others. It is possible that, due to
the therapeutic setting in which this high dependency
is expressed, the therapist is able to leverage it for the
benefit of the treatment. While, outside of the thera-
peutic setting, the high dependency of patients with
BPD may present an obstacle and cause distress in
their relationships (Bornstein, 2016; Daelman
et al., 2017), in a therapeutic setting it may be per-
ceived otherwise. The therapist may be able to
tailor their patient-therapist interactions to the high
dependency expressed, in a way that would lay the
foundation for a more adaptive dependency to
develop (Kivity et al., 2020; McMain et al., 2015).
This more adaptive dependency may, in turn, be
associated with higher session effectiveness as evalu-
ated by the patients. This points to the high thera-
peutic potential that the relationship between the
patient and therapist may hold for patients with
MDD, and higher severity of BPD symptoms. If
these findings are replicated in future studies and
their interpretation receives support, they hold the
potential to have important implications for the clini-
cal practice of treating MDD in patients with BPD.

The present study carries several limitations that
future studies should address. (a) A small sample
size of ninety-five patients, which did not allow a
direct assessment of the mediating effect between
MS and session effectiveness: the mediating effect
should be assessed in future studies with larger
samples. (b) A minority of patients met the dichoto-
mous criteria for BPD (NN = 9): future studies relying
on larger samples with a higher percentage of
patients, or with all patients, meeting the dichoto-
mous criteria for BPD should assess the development
of MS throughout treatment and its’ association to
session effectiveness. This should be assessed while
operationalizing BPD both as a continuous and a
dichotomous measure. (¢c) A small sample size of
seven therapists did not allow an evaluation of the
therapist effect: future studies should investigate
samples with a larger sample of therapists and a
greater therapist to patient ratio (Crits-Christoph
et al., 2011). (d) In the current study MS was oper-
ationalized as a global score per session without
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addressing MS patterns such as in-phase and anti-
phase (Tschacher & Meier, 2020): future studies
should investigate in-session fluctuations of MS,
MS patterns and other approaches to MS operatio-
nalization (Lutz et al., 2020; Prinz et al., 2021; Ram-
seyer, 2020b). (e) Future studies should assess
session effectiveness using various other assessments,
to eliminate further the potential bias of self-report in
patients with BPD and to allow for the generalization
of the results across other measures of outcome. (f)
The post-hoc speculation that we have provided
should be directly examined and other post-hoc
speculations should be taken into consideration.
For example, future studies relying on larger
samples should assess the possibility that patients
with MDD and BPD experience less MS with their
therapists at baseline compared to patients with
MDD without BPD and compensate throughout
treatment resulting in greater MS strengthening
over time (Cheavens et al.,, 2012; Zilcha-Mano,
2021).

Notwithstanding these limitations, the strength of
the current study lies in its potential contribution to
enhancing the understanding of the differences in
therapeutic processes between patients with BPD
and MDD. These findings point to the need to
address patients with MDD who also experience
BPD symptoms differently during treatment, and
tailor MDD treatment to their needs. Deepening
our understanding of such differences holds the
potential to enhance the personalization of MDD
treatment for patients with BPD. Despite the core
interpersonal struggles of patients with BPD that
can potentially hinder the therapeutic relationship
(Baker & Beazley, 2022), the relationship of patients
with BPD with their therapists may hold much thera-
peutic potential for them, meaning that one of their
vulnerabilities may become one of their strengths in
treatment.
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