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A disturbed sense of identity is one of the major features of borderline personality disorder (BPD), which manifests early in the
course of the disorder, and is potentially examinable using functional imaging during tasks involving self-reflection. Twenty-seven
medication-naïve adolescent female patients with BPD, who had no psychiatric comorbidities, and 28 matched healthy female
controls underwent fMRI while answering questions either about themselves or acquaintances. Control conditions consisted of
answering questions involving factual knowledge and a low-level baseline (cross fixation). When self-reflection was compared to
fact processing, BPD patients exhibited reduced activation in the right dorsolateral prefrontal cortex (DLPFC), as well as in the left
parietal and calcarine cortex and the right precuneus. In contrast, other-reflection was associated with relatively lower activation in
the medial frontal cortex in BPD patients, with further analysis revealing that this change reflected a failure of de-activation during
the fact processing condition. There were no differences between the BPD patients and controls when self- and other-processing
was examined against low-level baseline. This study provides evidence of reduced DLPFC activation during self-reflection in
adolescent females with BPD, which may reflect diminished top-down cognitive control of this process, but not other-reflection in
the disorder.
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INTRODUCTION
Borderline personality disorder (BPD), characterized by emotional
dysregulation, impulsive behaviors, instability in interpersonal
relationships, and a disturbed sense of self, has been estimated to
affect up to 5.5% of the population and is often disabling [1].
Although it has traditionally been considered an adult disorder,
there is increasing evidence to support that it can be reliably
diagnosed in adolescence [2–4], something that is of potential
importance for theories that propose that it has a basis in
development and/or changes that take place in the transition
from adolescence to adulthood (e.g. [5, 6]).
The importance of biological factors in BPD is widely recognized

and these have been examined in genetic, structural imaging and
functional imaging studies [7–15]. With respect to the last of these,
the focus to date has been on the affective dysregulation that
characterizes the disorder, and a range of activation changes have
been identified as associated with this. Thus, a meta-analysis of
19 studies examining brain functional responses to negative
emotional stimuli in BPD patients found reduced activation in the
dorsolateral prefrontal cortex (DLPFC), the left lingual gyrus, and
the left superior parietal gyrus bilaterally, and also increased

activation in the posterior cingulate gyrus, the left middle
temporal gyrus, and left amygdala and hippocampus [15].
Less investigated from the functional imaging point of view has

been the disturbed sense of identity that characterizes BPD [1];
see also [16, 17], and which has been argued to be one of the
predominant features of the disorder when it presents in
adolescence (the other being affective instability) [18]. One
potential way to investigate this is by examining brain activity
during the processing of self-related information. In the healthy
population this process, often referred to as self-reflection, is
associated with activation in the medial frontal cortex, particularly
rostrally; other regions activated include the posterior cingulate
cortex and precuneus and the angular gyrus and the tempor-
oparietal junction (TPJ) (meta-analyses [19–21]; see also [22]).
Interestingly, processing of information about other people, eg
their characteristics and attitudes (‘other-reflection’), activates
essentially the same neural network [19–21]; see also [22],
although with overlapping but discernibly different localizations
in the medial frontal cortex according to one meta-analysis [19].
To date, only one functional imaging study has examined self-

reflection in BPD. Scherpiet et al. [23] used fMRI to examine 19
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adult female BPD patients and 19 healthy controls in two task
conditions: cognitive self-reflection where they thought about
themselves, specifically to reflect who they were and what were
their goals, and a mindfulness-like self-awareness, where they
were encouraged to be aware of their current emotions and
bodily feelings; there was also a neutral condition where they
simply waited for a picture to be shown. In the self-reflection
compared to the mindfulness condition the patients showed
increased activation compared to the controls in regions including
the right dorsomedial prefrontal cortex (superior, medial, and
middle frontal areas, as well as the anterior supplementary motor
area). It should be noted, however, that the pattern was different
when self-reflection was compared to the neutral task: the group
comparison here revealed increased activation in the BPD patients
in the right pre- and postcentral gyrus, plus in the supramarginal
and right superior temporal gyrus (STG).
The aim of the present study was to examine brain functional

changes during self– and other-reflection tasks in a sample of
adolescent patients with BPD. Focusing on such a group has the
potential to establish brain regions involved in the identity
disturbance seen in the disorder early in its course, at a time that
is relevant to current theoretical proposals about its development.
Another advantage of studying adolescent patients is that this can
potentially minimize confounding factors, such as drug treatment
and later emerging comorbidity with Axis I disorders [24]. We
compared activations during these tasks to a low-level baseline (a
fixation cross) and also to an active control task commonly used in
self-reflection studies, processing of impersonal factual information.

METHODS
Participants
The initial clinical sample consisted of 37 treatment-naïve female
adolescent patients with a DSM-5 diagnosis of BPD. Patients were
recruited from two outpatient mental health services in Barcelona with
expertise in BPD in adolescents and young adults, (Vall d’Hebron
University Hospital and the Orienta Foundation). Exclusion criteria
included left-handedness, age below 12 or above 18 years, alcohol or
substance abuse or dependence (excluding nicotine) in the last year,
head trauma with loss of consciousness, and general exclusion criteria for
MRI such as the presence of metals within the body. We also excluded
patients with any comorbid psychiatric disorder according to DSM-5
diagnostic criteria. Drug-naïvety at the time of examination was
confirmed by questioning.
The diagnosis of BPD was based on the Spanish version of the

Structured Clinical Interview for DSM-IV Axis II Personality Disorders
(SCID-II) [25]. The Spanish version of Schedule for Affective Disorders and
Schizophrenia for School Age Children-Present and Lifetime version [26]
was used to assess psychiatric disorders other than BPD in patients and
controls under 16 years old. The Spanish version of the Structured Clinical
Interview for DSM-IV Axis I Disorders [27] was used to assess psychiatric
disorders other than BPD in those who were between 16 and 18 years old.
Healthy controls (HC) were selected from an initial sample of 40 female

adolescents recruited from the community on the basis that they were
similar to the patients in age and estimated IQ, as assessed using the Word
Accentuation Test (Test de Acentuación de Palabras, TAP [28]). Exclusion
criteria were the same as for the patients. HC were also excluded if they
reported having a first-degree relative with a psychiatric diagnosis.
All participants gave written informed consent prior to participation in

accordance to the Declaration of Helsinki. This was obtained from
participants aged 18 years and from parents/legal guardians for
participants aged under 18. All the study procedures had been previously
approved by the Clinical Research Ethics Committee of Vall d’Hebron
University Hospital [PR(AG)353/2015] and the Clinical Research Ethics
Committee of Germanes Hospitalàries [PI15/02025].

Self-other fMRI task
Participants performed a self- and other-reflection task previously used by
our group [22]. Before scanning, participants were asked to choose an
acquaintance to think about inside the scanner. The participant had to be
familiar with chosen individual, but not close emotionally, in order to avoid

eliciting strong feelings towards them (examples suggested/chosen
included a classmate, a neighbour or a distant relative). During the task,
participants viewed a series of statements about themselves (‘self”
condition), the acquaintance (‘other’ condition), or concerning general
knowledge (‘facts’, the control condition). They had to respond with a
button press indicating whether they considered the sentence to be true
or false. Stimuli were presented on VisualSystem goggles mounted on the
head coil, and responses were made and registered with the MRI-
compatible response device Response-grip (NordicNeuroLab).
The task consisted of 54 trials (18 per condition) arranged in a block

design. Each block started with an instruction screen indicating the
condition that corresponded to the block (‘Sentences about me’,
‘Sentences about [Name of the other person]’, ‘Sentences about facts’),
which lasted 3 s. After a 1 s delay, three trials were presented, each
lasting 9 s, where the sentence appeared in the centre of the screen
and the options “Yes” and “No” appeared at the bottom-right and
bottom-left corners, respectively, to act as a reminder of the required
response (‘Yes’ with the right index finger, and ‘No’ with the left index
finger). The trials were separated by a 1 s blank screen. After three
trials, the next block started, with a total of 6 blocks per condition.
Every 3 blocks there was a baseline period of 16 s in which a fixation
cross was presented (‘low-level baseline’). Block order was pseudor-
andomized, with each of the three conditions occurring once between
baseline periods.

Image acquisition
Images were acquired with a 3 T Philips Achieva scanner (Philips Medical
Systems, Best, The Netherlands). Functional data were acquired using a
T2*-weighted echo-planar imaging (EPI) sequence with the following
acquisition parameters: TR= 2000ms, TE= 30ms, Flip angle= 78 O, in-
plane resolution= 3 × 3mm, FOV= 240mm, slice thickness= 3mm, inter-
slice gap= 1mm. Slices (32 per volume; 364 volumes) were acquired with
an interleaved order parallel to the anterior-posterior commissure plane.
The first 10 volumes were discarded to avoid T1 saturation effects. Before
the functional sequence, a high-resolution anatomical 3D volume was
acquired using a TFE (Turbo Field Echo) sequence for anatomical reference
and inspection (TR= 8.15ms; TE= 3.73ms; flip angle= 8°; voxel-
size= 0.9735 × 0.9735mm; slice thickness= 1mm; slice number= 160;
FOV= 240mm).

Image pre-processing and analysis
Pre-processing and analyses of the fMRI data were carried out with the
FEAT module included in FSL (FMRIB Software Library) [29]. Preproces-
sing included motion correction (using the MCFLIRT algorithm with 6° of
freedom) and co-registration and normalization to a common stereo-
tactic space, for accurate registration, a two-step process was used; first,
brain extraction was applied to the structural image, and the functional
sequence was registered to it; then the structural image was registered
to a standard asymmetric age-appropriate template (for ages 13.0–18.5)
[30, 31]); these two transformations were used to finally register the
functional sequence to the standard space. Before group analyses,
normalized images were spatially filtered with a Gaussian filter
(FWHM= 5 mm). Individuals with an estimated maximum absolute
movement > 3.0 mm or an average absolute movement > 0.3 mm were
excluded from analyses to minimize unwanted movement-related
effects.
Statistical analyses were performed by means of General Linear Models

(GLMs). At the single-subject level, three regressors of interest were
defined in the GLM corresponding to the three task conditions (Self, Other
and Facts). Instructions screens were modelled by an additional nuisance
regressor. Fixation periods were not modelled and thus acted as an implicit
baseline. GLMs were fitted to generate 1) activation and de-activations
maps for the self- and another- reflection conditions compared to low level
baseline and 2) activations maps comparing the experimental and control
conditions (Self vs. Facts and Other vs. Facts).
Temporal derivatives for each regressor of interest, as well as movement

parameters (six in total, three rotations and three translations) were
included as additional regressors. Images were high-pass filtered with a
130 s cut-off.
At the intra-group level, task-related activations and /or de-activations

were assessed with one-sample t-tests on the contrasts defined at the
subject level with mixed-effects models [32] within the FEAT module.
Comparisons between groups were run to evaluate differences between
BPD and healthy controls. All statistical tests were carried out at the cluster
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level with a corrected p < 0.05 using Gaussian random field methods. A
threshold of z > 3.1 (p < 0.001) at the voxel level was used to define the
initial set of clusters.

RESULTS
Demographic and clinical data
From the initial samples, 10 patients and 12 controls were
excluded due to excessive head movement (see details in

Supplementary Table S1) giving a final sample of 27 patients
and 28 HC. As shown in Table 1, the finally included subjects were
matched for age and estimated IQ.

fMRI results
Self- and other- reflection versus low level baseline. As shown in
Fig. 1, clusters of significant activation in the healthy controls were
similar for both self- and other-reflection and encompassed
bilaterally the cerebellum, the inferior, middle, superior occipital
and lingual gyrus, the calcarine, the cuneus, and the fusiform
cortex, the anterior insula, the angular gyrus and supramarginal
areas, as well as the inferior and dorsolateral frontal cortex, and
the medial superior frontal cortex, including the supragenual
anterior cingulate. Activations were also seen in the left temporal
cortex (middle temporal gyrus and temporal pole) and in the
pallidum, the putamen, the amygdala and the hippocampus and
parahippocampal region. The TPJ was also activated, with the left
side being involved in both tasks, and the right side specifically in
the other-reflection task (see Fig. 1; for full details see
Supplementary Table S2 and S3).
Areas of de-activation (i.e. BOLD activation < 0 when compared

to low-level baseline activation) during both self- and other-
reflection were seen in the subgenual anterior medial frontal
cortex, the posterior cingulate cortex, the cuneus and precuneus.
The right middle/superior temporal and inferior parietal/supra-
marginal cortex were two other regions showing de-activation
(see Supplementary Table S4 and S5).
In the patients, the pattern of activations was similar to that

of the healthy controls for both self- and other-reflection.

Table 1. Demographic data for the BPD patients and healthy controls.

BPD patients
N= 27

Healthy
controls
N= 28

Statistics

Age (mean ± SD)
[range]

16.22 ± 1.24
[14–18]

16.46 ± 1.10
[13–18]

t= 0.10
p= 0.92

TAP-estimated IQ
(mean ± SD)
[range]

95.41 ± 7.76
[79–110]

95.21 ± 7.19
[79–112]

t= 0.75
p= 0.46

Socioeconomic
levela(median)
[range]

3 [1–5] 3 [2–5] Z= 0.71
p= 0.56

Years of
education
(mean ± SD)

10.65 ± 1.56 10.69 ± 1.05 t= 0.12
p= 0.90

aSocioeconomic level was categorized as follows: 1(high); 2(medium-high);
3(medium); 4(medium-low); 5(low); 6(severe socioeconomics deficiencies).

Fig. 1 Self- and sther-reflection vs baseline condition. Mean activations (warm colour) and de-activations (cold colour) in self-reflection vs
baseline in healthy controls (1A) and BPD patients (1B) and in other-reflection vs baseline in healthy controls (2A) and BPD patients (2B).
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De-activations were also similar, but whereas the anterior medial
frontal subgenual cortex was de-activated during performance of
both tasks in the controls, this was only the case for other-
reflection in patients.
There were no clusters of difference between the patients and

the controls in either the self- or other-reflection tasks.

Self-reflection vs facts. Activations in the self-reflection condition
compared to fact processing are shown in Fig. 2A, B (for full details
see Supplementary Table S6). The healthy controls showed greater
activation during self-reflection in the medial frontal cortex,
including the pregenual anterior cingulate cortex and the middle/
posterior cingulate cortex involving the cuneus and precuneus.
Greater activation was also seen in occipital, lingual, fusiform, and
temporal polar regions, and in the left angular gyrus and middle
temporal cortex and the TPJ, more markedly on the left. Activation
was also seen in the left anterior insular and inferior and
dorsolateral frontal cortex.
The pattern was broadly similar, though on visual impression,

less marked in the BPD patients: greater activation during self-
reflection compared to fact processing in a small cluster in the
pregenual anterior cingulate cortex and a larger cluster in the
middle/posterior cingulate cortex extending to precuneus and
cuneus. There was also a small cluster of greater activation in the
left TPJ. Greater self-related activation was also seen bilaterally in
temporal polar regions.
In the comparison between groups (Fig. 2C, for full details see

Supplementary Table S7), the BPD patients showed significantly
reduced activation in four clusters. One was in the right DLPFC, a
second was in the left calcarine cortex, a third was in the left
superior parietal cortex and finally there was a cluster in the right
precentral gyrus.
Because, as pointed out by Gusnard and Raichle [33], relative

changes between two active tasks can be difficult to interpret –
specifically both reduced activation and increased de-activation
will give the same appearances – we further explored the findings
in regions of interest (ROIs) based on these clusters, examining the

changes for both self-reflection and fact processing with respect
to low level baseline. Boxplots are shown in Fig. 3. It can be seen
that the healthy controls showed greater activation during self-
reflection than during facts processing (left calcarine and right
precentral clusters), or similar activation levels in both conditions
(right DLPFC and left superior parietal clusters). In contrast,
activation in the BPD patients was lower during self-reflection
than fact processing in all clusters apart from the one in the left
calcarine cortex. For the right DLPFC, where controls showed
moderate activation, the BPD patients showed de-activation.

Other-reflection vs fact processing. In the healthy controls, the
contrast other-reflection vs fact processing yielded a similar pattern
of activation to the corresponding self-reflection vs fact processing
comparison (see Fig. 4 and Supplementary Table S8). Greater
activation during other-reflection was seen in the medial frontal
cortex including the pregenual anterior cingulate, in this case also
including the subgenual region, and in the middle/posterior
cingulate cortex and the cuneus/precuneus. Greater activation was
also seen in lingual, calcarine and temporal polar regions, and
bilaterally in a region including the TPJ; on the left this cluster
minimally included the the inferior frontal cortex and insula.
In the patients, activations were visually less marked, particularly

in the medial frontal cortex and the lingual/calcarine cortex, but
were similar to those of the controls in the cingulate region.
Activations were also seen bilaterally in the angular and middle
temporal cortex including the TPJ and the temporal poles.
The between-group comparison (Fig. 4C, for full details see

Supplementary Table S9) revealed two clusters of decreased
activation in the BPD patients, both located in the medial frontal
cortex. One affected the subgenual anterior cingulate cortex, with
a peak in the left hemisphere and another in a corresponding
position on the right.
Figure 5 shows mean activations in a ROI based on these two

clusters combined, examining the changes for both other-
reflection and fact processing with respect to low level baseline
It can be seen that this area was de-activated in both groups

Fig. 2 Self-reflection vs facts processing. Mean activation in the self-reflection vs facts condition in healthy controls (A) and BPD patients (B).
The comparison between groups is shown in (C). Colour bar depicts z-values.
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during both other-reflection and facts processing, with greater de-
activation by the controls during the latter task. Accordingly, the
differences between the BPD patients and the HC is attributable to
a failure of de-activation in the fact processing task in the patients.

DISCUSSION
Our goal in this study was to identify, through a self- and other-
reflection task, brain functional abnormalities potentially relevant
to the identity disturbance of BPD, in the early stages of the

Fig. 3 Boxplots of ROI differences in BPD vs HC for self-reflection vs fact processing. Boxplots for four regions-of-interest where differences
between the BPD and HC groups were found in the self-reflection vs fact processing contrast, showing mean activations during each
condition compared to the low-level baseline.

Fig. 4 Other-reflection vs facts processing. Mean activation in the other-reflection vs facts condition in healthy controls (A) and BPD patients
(B). The comparison between groups is shown in (C). Colour bar depicts z-values.
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disorder. The main finding was that adolescent patients with BPD
showed markedly reduced activation in the right DLPFC, along
with the parietal cortex, the occipital cortex and the precentral
cortex, during the self-reflection task, but not the other-reflection
task: it should also be noted that this alteration was only seen
when self-reflection was contrasted with an active control
condition, fact processing, and not with a low-level baseline. At
a theoretical level, such a finding could be interpreted as
reflecting difficulties in top-down cognitive regulation of
identity-related processes in BPD.
In some ways our finding of activation changes in the DLPFC in

patients with BPD during self-reflection is unexpected, given that
in healthy subjects self-related cognition principally activates
other regions, in particular the default mode network, i.e., the
medial frontal cortex, the posterior cingulate cortex/precuneus
and the angular gyrus, and the TPJ [19–21]. However, lateral
frontal cortex activation has been documented in healthy subjects
during performance of self-referential tasks. Thus, in a meta-
analysis, Murray et al. [20] found activation in the left inferior
frontal cortex compared to control tasks, and activation in the
right inferior frontal cortex when self-referencing tasks were
contrasted with other-referencing tasks. In another meta-analysis,
van der Meer et al. [21] found activations in the left inferior frontal
cortex in the contrast between self-reflection and a baseline
condition, and in a dorsolateral frontal region similar to the cluster
of differences we found when contrasting self- and other-
processing. A third meta-analysis by Denny et al. [19] had similar
findings.
Our findings in relation to self-reflection in BPD differ from

those of the study by Scherpiet et al. [23] described in the
introduction. These authors contrasted self-reflection with a task
where the participants were asked to be aware of their current

emotions and bodily feelings (‘mindful introspection’). Differently
to us, their adult BPD patients showed increased activation
compared to controls, in regions including in the right motor and
somatosensory cortex, the right supramarginal gyrus, and the
right superior temporal gyrus during a self-reflection task
compared to a low-level baseline task. Contrasting self-reflection
with mindful introspection, their BPD patients again showed
increased activation compared to the healthy controls, this time in
a large cluster encompassing the right anterior portion of the
supplementary motor area, the superior, medial and middle
frontal gyrus and the dorsomedial prefrontal cortex.
One other study should also be mentioned. Beeney et al. [34]

examined self- and other-processing, although they used an
unusual comparison task. They scanned 17 adult females with BPD
and 21 healthy controls while they answered questions about
their own personality characteristics (eg ‘Are you kind?’) and the
personality characteristics of a close friend (eg ‘Is Julie kind?); there
were also two ‘third-person’ conditions where the participants
carried out cognitive operations perhaps best regarded as
involving theory of mind (eg ‘According to Julie, are you kind?’
and ‘According to Julie, is she kind?’). Contrasting the self-and
other-reflection conditions with the third person conditions
revealed no differences between the BPD patients and the
healthy controls.
In our study there were differences in activation changes

between self- and other-reflection in patients in BPD. When
compared to fact processing, self-reflection was associated with
reduced DLPFC activation in the patients, whereas during other-
reflection relatively reduced activation was seen in a different
location, the subgenual anterior cingulate cortex. Further analysis
then revealed that this reduced activation in fact reflected failure
of de-activation in the BPD group during fact processing,

Fig. 5 Boxplot of ROI differences in BPD vs HC for other-reflection vs fact processing. Boxplots for the medial frontal region-of-interest
(combined left and right) where differences between the BPD and HC groups were found in the other-reflection vs fact processing contrast,
showing mean activations during each condition compared to the low-level baseline It can be seen that this area was de-activated in both
groups during both other-reflection and facts processing, with greater de-activation by the controls during the latter task.
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something that was not the case for the self-reflection changes.
Why differences affecting different frontal brain regions should be
seen during self- and other-reflection is on the face of it difficult to
explain, given that the two tasks are known to activate largely
similar brain regions in healthy controls (something that was also
the case in our study). One speculative interpretation might be
that self- and other-processing become decoupled from each
other in BPD, no longer both activating similar regions of the
default mode network and the TPJ as in healthy subjects.
During both self-reflection and other-reflection, both the BPD

patients and the healthy controls in our study showed activation
in the TPJ. This was seen in the comparisons against both active
control (fact processing) and low-level baseline on the left,
although there was some variation as to whether this was
bilateral or only seen on the left across the different conditions.
However, no clusters of differential activation were observed
between the BPD patients and the healthy controls in this region.
The TPJ is known to be implicated in social cognition, having
been argued to play a crucial role in understanding the beliefs of
others [35] and possibly other social cognitive processes as well
[36, 37]. Given that social interactions are central to BPD, the lack
of activation differences between BPD patients and healthy
individuals represents a potentially important negative finding,
one that could perhaps point to a dissociation between
processes underlying social cognition and identity disturbance
in the disorder.
With only three functional imaging studies of self- and other-

processing in BPD, and inconsistent findings among them, further
theoretical speculations are difficult to make. Nevertheless, studies
using such paradigms may well prove to be important, given that
both ICD-11 and the Criteria A of DSM-5 Alternative Model for
Personality Disorders (AMPD) have characterized disturbances in
both self and interpersonal functioning as central features not
only of BPD but of personality disorders in general [38].
Examination of adolescent patients with the disorder may also
be of particular relevance here, as there is currently an emphasis
on the ‘lifespan’ perspective in BPD, where proposed pathological
mechanisms are viewed through the lens of psychosocial
development [2, 6]. In this context, adolescence represents a
critical period for the development of social cognition, a domain
that has been consistently found to be altered in individuals with
BPD [3]. Object relations theory posits that these impairments
stem from a polarized representation of self and others and a
deficient capacity to integrate positive and negative attributes
[39]. Studying adolescents who already exhibit these impairments
may provide key insights into the disorder’s developmental
trajectory. In particular, functional neuroimaging studies of this
population—especially those targeting self- and other-processing
—could help elucidate the neurobiological mechanisms under-
lying these core psychopathological features and contribute to a
more comprehensive understanding of BPD across the lifespan.
In conclusion, our study finds evidence of reduced activation in

the right DLPFC during self-reflection in adolescent females with
BPD, which might be indicative of impaired top-down cognitive
control of self-processing in the disorder. We also observed a
failure in deactivation in the ventromedial prefrontal cortex, a core
region of the default mode network, during other-reflection, the
significance of which is unclear. Some limitations need to be
acknowledged. First, the fMRI task we used was designed to
detect the neural correlates of self- and other-reflection, which are
only at best only indirectly to the disturbed sense of identity that
is central to BPD. However, it is important to bear in mind here
that no better task has so far been developed. Related to this
point, our study is limited by the fact that we did not employ a
behavioral measure of disturbed sense of identity in the patients.
Secondly, we only examined female patients with BPD. While BPD
is substantially more prevalent in females, it also affects males and
so our findings may not be generalizable to the latter. Thirdly, we

studied BPD patients who had been screened to exclude
comorbidities. While such a strategy makes sense for a functional
imaging study, it will have likely resulted in a somewhat artificial
group of patients, as comorbidities, including with Axis I disorders
are common in the disorder [24], even in this age group [40].
Finally, at 27 patients and 28 controls, our sample sizes were in the
accepted range for fMRI studies of clinical disorders, but it is
possible that larger groups may have yielded clearer results,
particular with respect to resolving the activation differences we
found between self- and other-reflection.
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