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A B S T R A C T

The hallmark symptoms of borderline personality disorder are maladaptive behavior and impulsive emotional
reactions. However, the condition is occasionally associated with cognitive alterations. Recently, it has been
found that the function of the basal ganglia and the hippocampi might also be affected. Hence, deterioration in
learning and memory processes associated with these structures is expected. Thus, we sought to investigate
visually guided associative learning, a type of conditioning associated with the basal ganglia and the hippocampi,
in patients suffering from borderline personality disorder. In this study, the modified Rutgers Acquired Equiva-
lence Test was used to assess associative learning in 23 patients and age-, sex-, and educational level-matched
controls. The acquisition phase of the test, which is associated primarily with the frontostriatal loops, was
altered in patients with borderline personality disorder: the patients exhibited poor performance in terms of
building associations. However, the retrieval and generalization functions, which are primarily associated with
the hippocampi and the medial temporal lobes, were not affected. These results corroborate that the basal ganglia
are affected in borderline personality disorder. However, maintained retrieval and generalization do not support
the assumption that the hippocampi are affected too.
1. Introduction

Borderline personality disorder (BPD) is a mental health disorder
characterized by maladaptive behavior (long-term pattern of unstable
interpersonal relationships and distorted sense of self) and impulsive
emotional reactions. Its prevalence rate is 2–3% in the adult population,
making it is the most common personality disorder [1]. The disorder
usually begins during young adulthood and it has a significantly higher
prevalence in women than in men [2].

The neural correlates of BPD have not been fully elucidated. Based on
neuroimaging studies, the basal ganglia, the orbitofrontal cortex, the
amygdalae, and probably the hippocampi are affected [3, 4, 5, 6, 7]. Due
to dysfunction of these brain structures, patients with borderline per-
sonality disorder may exhibit altered cognition as compared to persons
free of the disorder [8, 9, 10]. However, no information is available about
the associative learning abilities of these patients.

Associative learning is an ancient learning function, which is associ-
ated with the function of the frontal cortex, the basal ganglia and the
hippocampi. The visually guided Rutgers Acquired Equivalence Test [11]
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assesses this specific type of learning. The test is divided into two main
phases: the acquisition phase and the test phase. The acquisition phase
relies on the function of the basal ganglia. Hence, association building
between two different visual stimuli with the help of feedback about the
correctness of responses can be evaluated. Meanwhile, the test phase,
which does not involve feedback, mainly depends on the function of the
hippocampi and the medial temporal lobe. The test phase is further
divided into two parts: retrieval and generalization. During the retrieval
part, previously learned associations are presented, while during the
generalization part, the task of the test subject is to make hitherto not
learned associations which are predictable from what has already been
learned.

Equivalence learning was investigated in several psychiatric and
neurological disorders, including Parkinson's disease, Alzheimer's dis-
ease, schizophrenia, obsessive compulsive disorder, and migraine
without aura. These conditions are characterized by the dysfunction of
the basal ganglia and hippocampi [11, 12, 13, 14, 15, 16]. As mentioned
before, these structures are thought to be dysfunctional in BPD too [11,
12, 13, 14, 15, 16]. However, it is not known whether this also shows in
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the related cognitive processes of BPD patients, such as associative
learning. This is what we sought to investigate in this study with the
Rutgers Acquired Equivalence Test. As the literature considers both the
basal ganglia and the hippocampi to be affected in BPD, we hypothesized
that our patients would underperform matched controls in both the
acquisition and test phases.

2. Results

In the present study, we analyzed the associative learning abilities of
BPD patients without otological, opthalmological, neurological, or psy-
chiatric comorbidities (n ¼ 23). All participants could complete the
applied Rutgers Acquired Equivalence Test.

2.1. Comparison of BPD patients and controls

In the acquisition phase of the paradigm, the patient group's perfor-
mance was significantly inferior to that of the control group (Figure 1).

The median NATs of the patient and control groups were 71.0 (range:
45.0–185.0) and 50.0 (range: 42.0–95.0), respectively (Mann–Whitney U
test ¼ 146.5, p ¼ 0.0098, effect size ¼ 0.8077, power ¼ 0.9525). The
medianALERswere 0.084 (range: 0.0–0.227) and0.043 (range: 0.0–0.15)
for the patients and controls, respectively (Mann–Whitney U test¼ 162.5,
p¼ 0.0255, effect size¼ 0.7845, power¼ 0.9520). The reaction times of
the two groups in the acquisition phase did not differ. Themedian reaction
times were 1565.44 (range: 1034.97–3402.02) ms and 1674.51 (range:
1069.54–3489.21) ms for the patients and controls, respectively (Man-
n–Whitney U test ¼ 256, p ¼ 0.860).

In the test phase of the paradigm, the performance of the patients and
controls did not differ significantly, either in terms of retrieval or
generalization (Figure 2).

The median RERs were 0.028 (range: 0.0–0.25) for the patient and
0.028 (0.0–0.22) for the control group (Mann–Whitney U test¼ 216, p¼
0.275). The median GERs were 0.00 (range: 0.0–1.0) and 0.083 (range:
0.0–1.0) for the patient and control groups, respectively (Mann–Whitney
U test ¼ 220, p ¼ 0.307). The reaction times of the two groups in the
retrieval and generalization parts did not differ. During the retrieval part
of the test phase, the median reaction times of the patient and control
groups were 1934.37 (range: 1106.66–3728.59) ms and 1693.50 (range:
1145.46–2838.23) ms, respectively (Mann–Whitney U test ¼ 258, p ¼
0.895). In the generalization part, the median reaction times were
2213.21 (range: 1223.82–8549.00) ms for the patient group and 2309.68
(range: 1158.50–10883.36) ms for the control group (Mann–Whitney U
test ¼ 235, p ¼ 0.879).

In the patient group, we also calculated the correlation (Pearson's r)
between test performance and the time elapsed since the diagnosis. At
the time of testing, the patients had been diagnosed with BPD for a mean
of 12.9 years (�9.9 years). None of the investigated parameters (NAT,
ALER, RER, GER and RTs) showed significant correlation with the time
elapsed since the diagnosis (p > 0.05).
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2.2. Performance of BPD patients according to medication status

In the acquisition phase of the paradigm, the performance of the
medicated subgroup did not differ from that of the non-medicated sub-
group. The median NATs of the medicated and non-medicated subgroups
were 69.0 (range: 45.0–133.0) and 80.0 (range: 46.0–185.0), respec-
tively (Mann–Whitney U test¼ 47, p¼ 0.4196). The median ALERs were
0.077 (range: 0.0–0.218) for the medicated subgroup and 0.117 (range:
0.043–0.227) for the non-medicated subgroup (Mann–Whitney U test ¼
36, p ¼ 0.129).

Medication status did not make a significant difference in the test
phase either. The median RERs were 0.028 (range: 0.0–0.167) for the
medicated subgroup and 0.056 (range: 0.0–0.250) for the non-medicated
subgroup (Mann–Whitney U test ¼ 48.5, p ¼ 0.468). The median GERs
were 0.00 (range: 0.0–1.0) and 0.00 (range: 0.0–0.750) for the medicated
and non-medicated subgroups, respectively (Mann–Whitney U test ¼
56.5, p ¼ 0.830).

3. Discussion

To our knowledge, this study has been the first to investigate the
visually guided associative learning abilities of BPD patients. The results
suggest that BPD patients experience difficulties with equivalence
learning (making pairs by association), but not with the retrieval of
already learned associations or even making inferences from them
regarding previously not learned associations.

The results of studies about the impairment of implicit and explicit
learning functions in BPD patients are controversial. Earlier studies found
no alterations in implicit statistical learning [17] and procedural memory
consolidation in patients with BPD [18]. However, primary implicit ac-
quired equivalence learning, which is mainly correlated with the func-
tion of the basal ganglia, was found to be significantly altered in the BPD
group of our study. Similarly, a comprehensive clinical and neuropsy-
chological study revealed deficits in this patient group in visually guided
functions such as visual memory, visuospatial abilities, and executive
functions [19]. In contrast, the psychophysical part of a functional
magnetic resonance imaging (fMRI) study found no significant difference
in visually guided episodic and semantic memory retrieval between BPD
patients and controls. However, a stronger cortical activation was
required for the same performance in the patient group [20]. Verbal and
visual episodic memory appear to be spared in BPD [21], but these pa-
tients exhibit poor performance in the go/no-go task, which indicates
response inhibition impairment [22].

In the current study, we applied the modified version [14] of the
original Rutgers Acquired Equivalence Test [11, 23]. The test was
developed to investigate the visually guided associative learning in
healthy humans and those with various psychiatric and neurological
disorders. Its acquisition phase tests association learning between two
independent visual stimuli, which is considered to depend on the intact
function of the basal ganglia [11, 23]. Therefore, this phase is assumed to
Figure 1. Performance in the acquisition phase. NAT:
the number of trials necessary for the completion of the
acquisition phase. ALER: the ratio of incorrect choices
during the acquisition trials. The lower margin of the
boxes represents the 25th percentile. The line within the
boxes marks the median, and the upper margin of the
boxes indicates the 75th percentile. The error bars
(whiskers) above and below the boxes denote the 90th
and 10th percentiles, respectively. The dots over and
under the whiskers indicate the extreme outliers. *: p <

0.05, **: p < 0.01.



Figure 2. Performance in the test phase. RER: error ratios in the retrieval phase. GER: error ratios in the generalization phase. The conventions are the same as
in Figure 1.
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test the adequate functioning of the basal ganglia. Accordingly, poor
performance has been reported in Parkinson's disease [11], Tourette
syndrome [24], and adult migraine [14]. The test phase focuses on
functions that are assumed to be mediated by the hippocampi and the
medial temporal lobes: retrieval and generalization based on the
retrieved information [23, 25]. Poor performance in the test phase has
been reported in hippocampus–medial temporal lobe injury [23, 26],
Alzheimer's disease [12], and adult migraine [14].

In this study, we have described the cognitive performance of a group
of BPD patients without any neurological and/or psychiatric comorbidity
(including substance abuse), as assessed by the Rutgers Acquired
Equivalence Test.

The results of the acquisition phase (NAT, ALER) indicate that BPD
patients found it more difficult to build associations between indepen-
dent visual stimulus pairs. This finding may be interpreted as a behav-
ioral indicator of suboptimal basal ganglia function in BPD, and so it
corroborates the results of studies that suggest that the basal ganglia are
affected in this personality disorder [6, 7, 8, 9].

A comparison of reaction times did not reveal differences between
patients and controls, which suggests that the difference found in the
acquisition phase did not stem from impaired response inhibition in the
patient group (which would be indicated by significantly shorter reaction
times). This is not necessarily evidence against the presence of impaired
response inhibition in this patient population as suggested by Rentrop
and colleagues [23], but even if it is a stable feature of BPD patients, it did
not influence their performance in this task.

In contrast to the acquisition phase, however, no significant differ-
ence was found between patients and controls in the test phase. That is,
BPD patients retrieved the previously learned associations and general-
ized the previously acquired rule of association to new stimulus pairs just
as efficiently as controls. In fact, the generalization performance of BPD
patients was slightly superior to that of controls, which raises the pos-
sibility that in BPD and in this specific task, the hippocampi may function
somewhat more efficiently. While the difference was not significant, and
we definitely do not have enough data to draw a firm conclusion
regarding this issue, it must be noted that such a compensatory function
of the hippocampi has been reported in other studies regarding learning
[27, 28]. Therefore, as this phase of the test is assumed to depend on the
hippocampi, the results may be interpreted as evidence against the
hippocampi being affected in BPD - at least, if there is hippocampal
involvement, it does not interfere with retrieval and generalization in the
context of equivalence learning.

We also considered some potential limitations when interpreting the
results of this study. The first one is the relatively low number of par-
ticipants. This, however, is only a prima facie limitation and we argue
that it did not interfere with the generalizability of the results. On one
hand, this low number of participants was the result of the strict appli-
cation of the diagnostic criteria and that substance abuse and neurolog-
ical/psychiatric comorbidity were exclusion criteria. This way, it became
3

possible to focus on the effect of BPD itself. On the other hand, the sta-
tistical tests that returned significant results had a high statistical power
(and also a large effect size) so, in this case, a seemingly small sample size
did not result in poor statistical power. All in all, the small size of the
sample in itself cannot put the validity and generalizability of our results
in question.

Another concern was that medications might affect the performance
of BPD patients. In an attempt to exclude this possibility, we compared
the performance of medicated and non-medicated patients. No difference
was found between these subgroups in any of the studied parameters.
However, it must be added that splitting the patient group into two
subgroups resulted in quite small subsamples, so we advise against
interpreting this result as evidence for the complete absence of such an
effect.

4. Materials and methods

4.1. Participants

In total, 23 patients with borderline personality disorder (18 women
and 5men, mean age: 28.9� 9.6 [range: 18–55] years, median education
level: 3.0 [range: 1.0–4.0]) were enrolled in this study. The educational
levels were as follows: 1–elementary school, 2–secondary school, 3–high
school, 4–university. Inpatients and outpatients from the Department of
Psychiatry (Faculty of Medicine, University of Szeged) were recruited.
The patients were diagnosed by psychiatrists at the hospital according to
the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
[2]. All patients were diagnosed with borderline personality disorder.
Patients with otological, ophthalmological, neurological, or psychiatric
comorbidities (including substance abuse) were not eligible for the study.
In total, 15 patients received medications (see below). From our data-
base, 23 matched healthy controls (18 women and five men, mean age:
28.7 � 9.2 [range: 18–53] years, median education level: 3.0 [range:
2.0–4.0]) were identified and individually matched to the patients based
on sex, age (difference�2 years), and education level. The comparison of
the demographic data revealed no differences between the patient and
control groups (Kruskal–Wallis test, p > 0.05) (Table 1).

Prior to testing, the Ishihara plates were used to rule out color
blindness in both groups. Only subjects with normal color vision were
included in the study.

None of the participants received financial compensation for their
participation, and all patients provided written informed consent prior to
the start of the study. This research was performed in accordance with
the tenets of the Declaration of Helsinki, and it was approved by the
Regional Ethics Committee for Medical Research at the University of
Szeged, Hungary (50/2015-SZTE).

Fifteen of the 23 patients received several types of medication. Seven
of the fifteen patients received monotherapy as follows: two patients
received H1 antihistamine (hiroxizine), three patients received either of



Table 1. Demographic data of the patients and controls.

Group Number of cases Female/male Age, mean (years) Age, range: (years) Educational level
median (range)

All patients 23 18/5 28.9 � 9.6 18–55 3.0 (1.0–4.0)

All controls 23 18/5 28.7 � 9.2 18–53 3.0 (2.0–4.0)

Medicated patients 15 12/3 31.2 � 10.7 18–55 3.0 (1.0–4.0)

Controls matched to medicated patients 15 11/4 30.7 � 10.1 18–53 3.0 (2.0–4.0)

Unmedicated patients 8 6/2 24.6 � 5.4 18–34 3.0 (3.0–4.0)

Controls matched to unmedicated patients 8 7/1 24.9 � 5.6 18–35 3.5 (3.0–4.0)

A. Rosu et al. Heliyon 8 (2022) e10823
three serotonergic medications (escitalopram, fluoxetine, vortioxetine)
and two patients received antipsychotics (olanzapine, aripiprazole).
Further five of the fifteen patients received a combination of two agents:
two of them received the combination of an SSNRI (venlafaxine) and a
GABA agonist (benzodiazepine or alprazolam); one of them received a
combination of two types of GABA agonists (benzodiazepine and imi-
dazopiridine); one of them received a combination of a GABA agonist
(alprazolam) and a mood stabilizer (lamotrigine); and one of them
received the combination of an SSRI (escitalopram) and an atypical
antipsychotic (quetiapine). Finally, three of the fifteen medicated pa-
tients received three agents in combination: a GABA agonist (benzodi-
azepine, imidazopiridine or alprazolam), an SSNRI (duloxetine or
venlafaxine) and a third agent, which was either a melatonine receptor
agonist (agomelatine) or an atypical antipsychotic (olanzapine).

At the time of testing, the patients have taken their medications for a
mean of 9.21 (�6.29) years (median: 9 years, range: 1–20 years, lower
quartile: 4 years, upper quartile: 14 years).
Figure 3. A schematic representation of the applied
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4.2. The learning paradigm

Testing was carried out according toMyers and co-workers, according
to the method known as the Rutgers Acquired Equivalence Test [11]. The
testing software, which was originally prepared for iOS was rewritten in
Assembly (for Windows). Stimuli were presented and responses were
recorded with a desktop computer with a CRT screen. The testing ses-
sions took place in a quiet room with the subjects sitting at a standard
distance from the computer screen (114 cm). One subject was tested at a
time and no time limit was set. Figure 3 shows a schematic representation
of the paradigm.

The visual stimuli referred to as antecedents were cartoon faces of a
woman (A1), a girl (A2), a man (B1) and a boy (B2). The consequents
were yellow (X1), red (X2), green (Y1) and blue (Y2) fish.

During a trial, the participant was shown an antecedent (a face) and
two consequents (a pair of fish of different color) and asked to choose one
of the latter by pressing one of two buttons on the keyboard marked as
visually guided associative learning paradigm.
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LEFT and RIGHT. The trials are organized into two main phases: acqui-
sition and test. The test phase is further broken down to retrieval and
generalization (see below). Depending on the phase the participant was
in, the choice was (acquisition phase) or was not (test phase) followed by
feedback on the correctness of the choice.

During the acquisition phase, the participants learned a series of
antecedent-consequent pairs in a trial-and-error manner. When ante-
cedents A1 or A2 were shown, the correct consequent was X1. On the
other hand, when antecedent B1 or B2 were presented, the correct
consequent was Y1. Visual feedback on the correctness of the subject's
choice was provided immediately in the form of the words CORRECT (in
green) and INCORRECT (in red) displayed on the screen under the
antecedent-consequent pair. This way, besides the face-fish associations,
the participants also learned that the antecedent A1 (B1) is equivalent to
antecedent A2 (B2) in terms of their relation to the same consequent.
Next, the participants had to learn new stimulus pairs. In case of ante-
cedents A1 and B1, the correct consequents were X2 and Y2, respectively.
Of the eight possible stimulus combinations, six were presented in the
acquisition phase of the equivalence learning task. New association were
presented mixed with the previously learned ones. The subjects had to
accomplish a certain number of correct decisions, 4 when the first as-
sociation was presented, and it was increased by 2 upon the presentation
of each new association that followed up to a maximum of 12. Thus, the
number of trials in the acquisition phase was not constant, it depended on
the effectiveness of the learning of the participants.

In the test phase, the task remained the same, but visual feedback was
no longer given. During the retrieval part of the test phase the already
learnt six stimulus pairs were tested. In the generalization (or transfer)
part of the test phase, hitherto not presented, new stimulus pairs were
also tested. These were predictable if the participant had managed to
acquire the equivalence rule (antecedent A1 and A2 are equivalent upon
the connected consequences, similarly B1 and B2, too). Here the partic-
ipants had to choose that antecedent A2 and B2 were coupled to conse-
quences X2 and Y2, respectively. Participants were not informed that
new associations would have to be formed, too. These new stimulus pairs
were mixed with the earlier ones. The number of trials in the test phase
was constant for each participant. Altogether 48 trials (36 previously
learned and 12 new, predictable associations) had to be completed in the
test phase.

More detailed description of the paradigm can be found in our pre-
vious studies [29, 30].

4.3. Data analysis

The performance of the participants was characterized with four main
parameters: the number of trials necessary for the completion of the
acquisition phase (NAT), association learning error ratio (ALER),
retrieval error ratio (RER), and generalization error ratio (GER). Error
ratios were calculated by dividing the number of incorrect trials by the
total number of trials. Reaction times were recorded for the acquisition
phase, the retrieval part of the test phase and the generalization part of
the test phase.

After having determined that the data were non-normally distributed
(Shapiro-Wilk p< 0.05), comparisons between BPD patients and controls
were performed with the Mann-Whitney U test. The level of significance
was set at p ¼ 0.05. For the descriptive characterization of the data,
medians and ranges were used.
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