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Borderline personality disorder (BPD) is a severe mental disor-
der, characterized by emotion dysregulation (affective hyper-sen-
sitivity and instability), identity disturbance, interpersonal diffi-
culties, and impulsivity [1, 2]. Despite successful treatment, only a
minority of patients with BPD achieve good psycho-social integra-
tion, and emotional problems often persist [3, 4].

The ability to deploy working memory (WM) in emotionally
stressful contexts (emotional WM, eWM) plays a critical role in
affective-cognitive control and self-regulation [5, 6]. Emotional
distraction was found to interfere with WM in BPD [7, 8]. Neuro-
imaging research suggests that eWM relies to a great extent on a
fronto-parietal brain network which is fundamentally involved in
emotion regulation (ER) [5, 6]. A computer-assisted eWM train-
ing (eWMLt) (affective dual-n-back-task), developed by Schweizer
and colleagues, previously showed beneficial effects on ER in
healthy adults [9] and adolescents with post-traumatic stress dis-
order [10]. Since this training can be easily applied in different set-
tings and made widely available to the broader population via in-
ternet, eWMt might be a cost-effective online intervention, aug-
menting ER in BPD.

This proof-of-principle study aimed to investigate the effec-
tiveness of an adapted eWMt in BPD. We expected improvements
in ER, measured by a cognitive reappraisal task, after eWMt com-
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pared to a placebo training [8]. We hypothesized that improve-
ments in ER were predicted by improvements in eWM (perfor-
mance on an adapted Sternberg task).

For this randomized controlled trial, 68 participants were re-
cruited at the Department of Psychosomatic Medicine and Psy-
chotherapy, Central Institute of Mental Health (CIMH),
Mannheim, Germany, through the outpatient treatment unit and
existing databases [2]. Interested participants were invited for ex-
tensive screening by trained clinical psychologists. Inclusion crite-
ria were female gender, age between 18 and 55 years, and a DSM-
IV-TR diagnosis of BPD. We excluded patients with current
hospitalization, acute suicidal crisis, lifetime diagnosis of
schizophrenia, bipolar I disorder, organic brain diseases, severe
neurological diseases, change of psychotropic medication during
training, and those living 2150 km outside of Mannheim. From
those, who had been randomly allocated to the two training condi-
tions, 18 participants (eWM: n = 12, 32%; cognitive feature match
[CFM]: n =6, 19%) did not start or dropped out of the training and
5 participants were excluded due to changes in medication (com-
plete participant flow: online suppl. Fig. 1; for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000504454). The final
two groups (eWM: n = 22; CEM: n = 23) did not differ significant-
ly in age, intelligence, education, comorbidities, and medication
status (online suppl. Table 1).

In the adapted eWMt, participants first alternately trained an
n-back task with visual distractor stimuli (negative vs. neutral fa-
cial) and auditory distractors (neutral vs. negative vs. positive
words), respectively, before starting the affective dual n-back train-
ing. Depending on the achieved n-back level, daily training ses-
sions lasted between 20 and 30 min, consisting of 20 blocks (for
detailed description, see online suppl. Material). The placebo
training was a CFM task (CFMt) with minimal WM demands,
without emotional material. Both groups trained on their person-
al computer for a 28-day period (min 16 days, max 20 days). Before
the training (T1) and within 1 week after completion (T2), par-
ticipants performed two experimental laboratory tasks at the
CIMH: (1) a cognitive reappraisal task measuring ER, and (2) an
adapted emotional Sternberg task measuring eWM (see online
suppl. Material).

Logins and training duration were documented on alocal serv-
er of the Medical Research Council Cognition and Brain Sciences
Unit, Cambridge, UK, ensuring that both groups trained for a sim-
ilar duration (eWMt: 17,558 + 10,035, CEMt: 18,947 + 7,542;
t(48) = 053,p = 0601)

Both groups significantly improved their training-related per-
formance (eWMt: 3.82 +0.76 vs. 5.14 + 1.08, t(51) = 6.54, p < 0.0001,
d =1.34; CEMt: 1,556.11 + 1,200.59 vs. 4,218.21 + 2,951.99, t(15) =
3.47, p = 0.003, d = 1.18)". Total training duration was positively

! Due to different training conditions, these training scores were not directly
comparable.
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Table 1. Results of the 2 x 2 x 2 rm-ANCOVA for the ER task

Ratings for negative pictures Jéi df1,2 p Ny’

Group (training) 0.55 1,39 0463 0.01
Time 0.06 1,39 0.805 0.02
Instruction 10.30 1,39  0.003 0.21
Group x Time 1.34 1,39 0259 0.03
Group x Instruction .79 1,39 0.189 0.04
Time x Instruction 232 1,39 0.136 0.06
Group x Time x Instruction 515 1,39 0.029 0.12

rm-ANCOVA, repeated measure analysis of covariance; ER,
emotional regulation; BPD, borderline personality disorder. A 2
x 2 x 2 rm-ANCOVA was performed with Group (Emotional
Working Memory vs. Placebo training) as between-subject factor
and Time (before vs. after training) and Instruction (attend, reg-
ulate) as within-subject factors. Due to baseline differences in
BPD symptom severity (Borderline Symptom List 23, BSL-23), de-
pressive symptoms (Beck Depression Inventory, BDI), Anxiety
(State Trait Anxiety Inventory, STAI), and dissociation (Dissocia-
tion Experience Scale, DES) (online suppl. Table 1), these variables
were controlled for in the statistical analyses. These covariates
had no significant effects (BSL: F(39) = 1.68, p = 0.202; BDIL:
Fus9) = 095, p = 0.337; STAL: Fj30 = 0.00, p = 0.985; DES:
F(1)39) = 080, p = 0378)

correlated to training success in the eWMt group (r = 0.431, p =
0.016, R?=0.190), but not in the CFMt group (r = 0.263, p = 0.262).

Analyses revealed a significant interaction of Group by Time
by Instruction on ER (Table 1). The eWMt group showed better
down-regulation (compared to passive attendance) of negative
emotionsatT2 (- 3.33 +£2.78) versus T1 (- 4.60 + 2.53) (f21) = 2.24,
p=0.036,d=3.04) compared to the CFMt group (T1: - 4.77 +2.87,
T2: - 4.81 £ 2.51, (55 = 0.08, p = 0.938).

Increases in eWM performance (reaction times of correct tri-
als) during the adapted Sternberg task predicted improvements in
ER (B = -0.01, SE = 0.003, t = 2.22, p = 0.034 [-0.014, -0.001]),
while this did not interact with the training group (B = 0.001, SE =
0.006, t = 0.166, p = 0.869 [-0.012, -0.014]).

Our study provides preliminary evidence for future research on
the effectiveness of eWMt in BPD. In line with our hypothesis,
eWMtled to better ER. Improvements were predicted by enhanced
eWM performance (adapted Sternberg task), supporting the idea
that enhanced inhibitory control of emotional material might un-
derlie gains in ER. Against our expectation, this relationship was
not specific to the training group, raising the question whether ER
improvements may also be achievable through cognitive training
without emotional distractors. Including corresponding neutral
and emotion exposure training conditions in future studies may
help elucidating which training components are essential for aug-
menting ER, keeping personal distress at a minimum. Future re-
search may further use ecological ambulatory monitoring and
apps for mobile devices to assess application of eWMt in everyday
life compared to “cold” experimental settings. Neuroimaging stud-
ies in BPD might shed light on the idea that beneficial transfer ef-
fects of eWMt on ER are related to increased engagement of a fron-
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to-parietal-limbic brain network [5, 6] in line with Schweizer et al.
[9].

To our knowledge, our study is the first to evaluate the effec-
tiveness of an adapted eWMt in BPD using a randomized con-
trolled design and well-established experimental paradigms to in-
vestigate transfer effects. While results need to be interpreted as
preliminary, given the small sample size, findings point to a poten-
tially promising effect of eWMt on ER in BPD. Since some subjects
received outpatient treatment, potentially confounding results, fu-
ture research should clarify the role of concurrent psychotherapy
in ER gains and whether there are stable long-term effects.

Considering limited financial resources and treatment places
as well as insufficient psychosocial integration after symptom re-
duction in BPD [3, 4], eWMt has promise as a cost-effective inter-
vention for patients who experience a regular training routine as
stabilizing.
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