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Abstract: While borderline personality disorder (BPD) symptomatology has been studied extensively
in clinical populations, the mechanisms underlying its manifestation in nonclinical populations
remain largely understudied. One aspect of BPD symptomatology in nonclinical populations that
has not been well studied is cognitive mechanisms, especially in relation to executive functions.
To explore the cognitive mechanisms underlying BPD symptomatology in nonclinical populations,
we analysed a large-scale dataset of 233 young adults that were administered with nine executive
function tasks and BPD symptomatology assessments. Our structural equation modelling did not
find any significant relations between latent factors of executive functions and the severity of BPD
symptomatology. Contrary to our hypothesis, our result suggests that deficits in executive functions
were not a risk factor for BPD symptomatology in the nonclinical young adult sample.

Keywords: borderline personality disorder; executive functions; BPD symptomatology; inhibitory
control; cognitive flexibility; updating-working memory

1. Introduction

Borderline personality disorder (BPD) is a serious psychological disorder that presents
as one of the most challenging and complicated concerns in the field of psychiatry [1–3].
Characterised mainly by emotional dysregulation, impulsivity, and affective instability, BPD
severely impairs a person’s quality of life as it results in difficulties in controlling anger,
and unstable interpersonal relationships [2–5]. According to the American Psychiatric
Association [6], BPD often manifests through emotional sensitivity, sudden shifts in goals
and self-image, and self-damaging behaviours. Furthermore, BPD has been found to
be associated with suicide, self-harm, subjective sleep disturbances, neuropsychological
dysfunction, additional psychiatric problems, and prevalent stigma in society [6–13]. As
one of the most common personality disorders, BPD is estimated to be present in around
1.6% of the general population, 20% of the psychiatric inpatient population, and 10% of the
psychiatric outpatient population [14,15].

BPD symptomatology has also been suggested to be present in nonclinical populations,
and varies across the psychopathological severity continuum [16–18]. Although less severe
than in clinical populations, symptomatology in nonclinical populations is also beset by a
range of psychological dysfunctions including but not limited to maladaptive coping styles,
interpersonal stress, romantic dysfunction, and poor psychosocial functioning [16,19,20].
While BPD symptomatology has been studied extensively in clinical populations, the
mechanisms underlying its manifestation in nonclinical populations remains largely under-
studied [9,21–24].

One aspect of BPD symptomatology in nonclinical populations that has not been well
studied is its cognitive mechanisms, especially in association with executive functioning.
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Executive functioning is a multifaceted construct consisting of higher-order cognitive pro-
cesses that play important roles in regulating thoughts and actions to achieve a goal [25,26].
There are three well-established domains of executive functions: (1) inhibitory control,
which is tied to one’s ability to inhibit and control their attention, thoughts, behaviours,
and emotions; (2) cognitive flexibility, which is tied to one’s ability to switch between
mental sets; and (3) updating-working memory, which is tied to one’s ability to retain
information that is no longer in sight and work with it. It is from these three founda-
tional domains that further behavioural strategies—such as planning, adaptation, and
volition—can emerge [26]. Consistently, executive functions have been shown to predict
many important life outcomes, such as physical health [27–30], school achievement [31–33],
emotional well-being [34–37], social relationships [38,39], and job success [40,41]. Impor-
tantly, deficits in executive functions have also been associated with traits associated with
prominent BPD symptomatology, such as behavioural impulsivity, emotional reactivity,
and emotional dysregulation [22–24,33,34,38,42–48]. This prompts the need to investigate
whether deficits in executive functions can potentially be a predictor of BPD symptomatol-
ogy that is present in nonclinical populations.

The current study thus aims to explore the cognitive mechanisms underlying BPD
symptomatology in nonclinical populations. To provide a comprehensive examination
of the link between executive functions and BPD symptomatology, we employed a mul-
tidimensional approach to executive functions, by measuring the three core domains of
executive functions: inhibitory control, cognitive flexibility, and updating-working memory.
We also used a latent variable approach to model the construct of executive functioning
to overcome issues related to task impurity which may obscure or inflate the true relation
between executive functions and BPD symptomatology [25,49,50]. The latent variable ap-
proach overcomes this by extracting common variance among the executive function tasks,
thereby removing non-executive function processes, giving us a more precise and reliable
measure of executive functions. Taken together, we hypothesise that the latent factors
of executive functions would predict the severity of BPD symptomatology in nonclinical
young adults.

2. Materials and Methods
2.1. Participants

The current sample consisted of 233 young adults from various universities in Sin-
gapore as part of a larger daily diary study exploring daily experiences and cognitive
functions. Participants were included in the sample if they were undergraduates studying
locally and signed up to take part in the study. They were considered nonclinical given
that we did not measure if participants had been clinically diagnosed with borderline
personality disorder. By recruiting a nonclinical sample, it allows the current study to
obtain continuum data that include mild and extreme variants of borderline personal-
ity symptomatology [51]. Borderline personality symptomatology was measured by the
24-item Abbreviated Personality Assessment Inventory-Borderline Scale [52]. Specifically,
borderline personality symptoms were manifested based on 4 subfactors of affective insta-
bility, identity problems, negative relationships, and self-harm, each of which consisted of
6 items. After the items are scored, higher scores on the PAI-BOR reflected greater presence
of borderline personality disorder symptomatology in the participants.

Participants were recruited in waves from 1 July 2022 to 30 August 2022, and signed
up for the study voluntarily. Participants were excluded from the sample if they were
younger than age 18 or had participated in previous iterations of the daily diary study
(which were carried out in 2021 and 2022) [53–56]. This study was conducted with the
approval from the Institutional Review Board at the authors’ university, and participants
provided informed consent to participate in the study in return for compensation of up to
SGD 72. Descriptive statistics of the current sample can be found in Table 1.
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Table 1. Descriptive statistics of the sample.

N M (SD) Observed
Range

Theoretical
Range Reliability d

Demographics
Sex (% female) 233 73%

Age 233 21.64 (2.00) 18–30
Race (% Ethnic Majority) 233 79%

Household income a 233 3.15 (1.57) 1–6 1–6
Subjective socioeconomic status b 233 6.10 (1.35) 2–9 1–10

Borderline Personality Disorder Trait Dimensions
Affective Instability 233 7.03 (3.52) 0–18 0–18 0.77
Identity Problems 233 9.14 (3.64) 1–18 0–18 0.69

Negative Relationships 233 8.17 (3.23) 1–17 0–18 0.53
Self-Harm 233 5.11 (3.73) 0–18 0–18 0.79

Executive functions c

Colour Keep-Track 233 0.56 (0.17) 0.09–0.94 0.00–1.00 0.95
Letter Keep-Track 233 0.72 (0.14) 0.07–0.99 0.00–1.00 0.94

Number Keep-Track 233 0.71 (0.21) 0.16–1.00 0.00–1.00 0.96
Simon task 232 7.12 (1.71) 3.28–12.04 1–20 0.79

Flanker task 231 6.43 (1.31) 3.72–14.89 1–20 0.72
Stroop task 227 6.78 (1.38) 3.49–11.55 1–20 0.79

Animacy-Size task 233 6.74 (1.18) 4.38–13.57 1–20 0.73
Colour-Shape task 233 6.90 (1.30) 4.36–13.00 1–20 0.72

Magnitude-Parity task 233 7.13 (1.40) 3.23–11.93 1–20 0.75
a Household income was measured using a 6-point scale (1 = less than SGD 2000, 2 = SGD 2000–SGD 5999,
3 = SGD 6000–SGD 9999, 4 = SGD 10,000–SGD 14,999, 5 = SGD 15,000–SGD 19,999, 6 = more than SGD 20,000). b A
modified ladder scale adapted from Adler et al. [57] was used to assess subjective socioeconomic status, where
the first rung on the ladder represented the lowest status. c Some data were missing due to technical failures and
human error by the participants. d Internal consistency was measured with Cronbach’s Alpha for the BPD scale
and via split-half reliability with Spearman–Brown correction for the executive function tasks.

2.2. Measures
2.2.1. Borderline Personality Disorder Symptomatology

In the current study, BPD was operationalised in terms of self-reported BPD symptoma-
tology. BPD symptomatology was assessed in the sample using the 24-item Abbreviated
Personality Assessment Inventory-Borderline Scale [52]. Participants were asked to rate
their agreement with statements about their mood, attitudes, emotions, and behaviour
on a 4-point Likert scale (0 = Not at all true, 3 = Very true). These items reflected BPD’s
features of affective instability (6 items, e.g., “My mood can shift quite suddenly”), identity
problems (6 items, e.g., “My attitude about myself changes a lot”), negative relationships
(6 items, e.g., “My relationships have been stormy”), and self-harm (6 items, e.g., “I some-
times do things so impulsively that I get into trouble”). Items were scored and then
summed such that a higher overall score reflected higher presence of BPD symptomatology
in participants.

2.2.2. Updating-Working Memory Capacity

Updating-working memory was assessed through a series of three tasks from Von
Bastian et al. [58], modified from Miyake et al.’s [49] Keep-Track tasks, and administered
on Tatool Web [59]. A total of 25 trials were carried out. In 5 of the trials, recall was
probed early while in the other 20, recall was probed after multiple updating steps. Each
participant’s accuracy across all trials served as a measure of their performance, which was
obtained by dividing the number of trials correctly answered by the total number of trials
(i.e., which was 25).

Colour Keep-Track Task

This first task required participants to memorise an initial set of shapes and their
respective colours, before needing participants to update this set as the colours changed.
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After updating, participants were asked to recall the most recent set of colours and pick the
correct answer out of 10 options.

Letter Keep-Track Task

This was the second task of the series and required participants to memorise specific
letters, with each letter in its own box. One of the letters would be changed with each
update, and after the full updating, participants again had to recall the most recent set
before choosing the correct answer out of 10 options.

Number Keep-Track Task

This was the last task of the series and required participants to memorise 4 digits with
different colours. Each update would change the value of each digit and participants had
to recall the most recent set after the full sequence of updates. Again, they would need to
choose the correct answer out of the 10 presented options.

2.2.3. Inhibitory Control

Inhibitory control was assessed through a series of three tasks administered on Tatool
Web [58,59]. Participants had to respond to target stimuli shown on the screen and classify
them while inhibiting distractor stimuli. Trials could be congruent, where the target stim-
uli’s category matched its distractor, or incongruent, where the stimuli were contradictory.
In some cases, there were also neutral trials, where distractor stimuli were completely
unrelated to the classification of target stimuli.

Participant’s inhibitory control was assessed using the binning procedure on each
task [60], where higher bin scores reflected worse performance. First, a baseline score was
calculated by averaging each participant’s total reaction time for their accurate congruent
trials. This baseline represented participant’s natural response and ability. Next, the
participant’s reaction time for each incongruent trial was compared with their baseline
reaction time. The resulting difference is the interference effect, which represents how much
slower the participants responded when they needed to inhibit the distractor stimuli. For
each trial, all interference effects were rank ordered and bin scores were awarded based on
deciles, where the fastest 10% would receive a score of 1 and the slowest 10% would receive
a score of 10. To penalise for inaccuracy, any inaccurate incongruent response received
a bin score of 20 regardless of reaction time. A mean bin score was then calculated for
each participant.

Simon Task

In this first task, participants had to respond to the colour of a circle presented on
either side of the screen by pressing either the right (for a red circle) or left (for a green
circle) arrow key. There were congruent, where the location of the circle on the screen
matched the direction of the corresponding arrow keys (i.e., a green circle appearing on the
left side of the screen, requiring participants to press the left arrow key), and incongruent
trials where they did not match. The congruent arrangement accounted for 75% of the trials,
and participant’s performance was assessed in conjunction with the two other inhibitory
control tasks. There was a total of 200 trials, with 12 trials as practice. This task did not
have neutral trials.

Erikson-Flanker Task

In this second inhibitory control task, participants were presented with a central letter
flanked by other letters and on each end was a vowel (A or E) or a consonant (S or T). They
would then have to respond by pressing either the left arrow key for a vowel or the right
arrow key for a consonant. The trials were either congruent, where vowels were flanked by
vowels and vice versa for consonants (e.g., AAAEAAA or SSSTSSS), or incongruent, where
the target letter was flanked by the opposite category (e.g., AAATAAA or SSSESSS). There
were also neutral trials where the target letter was flanked by neutral stimuli (e.g., ###E###).
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These three arrangements occurred in equal proportions. There was a total of 144 trials,
with 12 as practice.

Stroop Task

This was the final task for inhibitory control and required participants to count the
number of digits presented and respond by pressing the correct number key. While the
task is commonly used to measure selective attention [61], extensive research has also
established the use of the Stroop task as a measure of individual difference in inhibitory
control [25,50,62–64]. There were congruent trials, where the number of digits corresponded
to the digit displayed (e.g., 333) and incongruent trials, where the number of digits did not
correspond to the digit displayed (e.g., 44). There were also neutral trials which presented
unrelated symbols (e.g., ###). All three arrangements occurred in equal proportions. There
was a total of 144 trials, with 12 as practice. This number-digit iteration was chosen over the
traditional word-colour task given that it is relatively less well-known, which may reduce
potential practice effect in the task. Moreover, the use of a numerical variant of the Stroop
task is less susceptible to language proficiency and is more user friendly for individuals
with different cultures and conditions [65]. The number-digit version has been validated
and shown to elicit a robust Stroop Effect [66–70].

2.2.4. Cognitive Flexibility

A set of three tasks were used to assess participant’s cognitive flexibility [58,59] and
were administered on Tatool Web [59]. Participants were asked to classify bivalent stimuli
according to the cue shown. These tasks were arranged in a sandwich-like order, where
participants were given two single-rule blocks (20 trials per block), where they were only
shown either animacy or locomotion stimuli, four mixed-rule blocks (41 trials per block),
and finally ended off with two single-rule blocks (20 trials per block).

Participant’s cognitive flexibility was assessed using bin scores on each task [71–73],
where higher bin scores reflected worse performance. First, a baseline score was calculated
by averaging each participant’s total reaction time for their accurate single-rule (repeat)
trials. This baseline represented participant’s natural response and ability. Next, partici-
pant’s reaction time for each mixed rule (switch) trial was compared with their baseline
reaction time. The resulting difference is the switch cost, which represents how much
slower the participants responded when they needed to switch between rules. For each
trial, all switch costs were rank ordered and bin scores were awarded based on deciles,
where the fastest 10% would receive a score of 1 and the slowest 10% would receive a score
of 10. To penalise for inaccuracy, any inaccurate switch response received a bin score of
20 regardless of reaction time. A mean bin score was then calculated for each participant.

Animacy-Locomotion Task

This first task required participants to classify the target stimuli of a plane and rabbit
according to their animacy, whether the stimuli was animate or inanimate, or their locomo-
tion, whether the stimuli was flying or non-flying. Animacy was cued with an image of
dog paws and locomotion was cued by an image of a road and blue sky. When faced with
the target stimuli, participants would have to either press the ‘d’ key if it was animate or
flying or press the ‘k’ key if it was inanimate or non-flying.

Colour-Shape Task

This second task required participants to classify the target stimuli of geometrical
shapes in terms of their colour, either green or blue, or shape, either round or angular.
Colour was cued using an image of a colour gradient while shape was cued using a row
of small black diamonds. Participants would have to respond to the target stimuli and
classify them accordingly by pressing the ‘d’ and ‘k’ keys for green or round and blue or
angular, respectively.
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Magnitude-Parity Task

This was the last task in the series and required participants to classify digits in
terms of their parity, whether they were odd or even, and their magnitudes, whether they
were greater or smaller than 5. Parity was cued with an image of rows of equal signs
while magnitude was cued with an image of alternating columns of big and small circles.
Participants responded to the target stimuli by pressing the ‘d’ and ‘k’ keys for odd or
greater than 5 and even or smaller than 5, respectively.

2.3. Procedure

The study was carried out in three separate portions to minimise any fatigue. First,
participants attended a 90 min session which consisted of a briefing, informed consent, and
the cognitive measures. Participants were tested in a quiet setting to minimise distractions.
They completed the nine executive function tasks in the following order: Colour Keep-Track,
Letter Keep-Track, Number Keep-Track, Simon, Flanker, Stroop, Animacy-Locomotion,
Colour-Shape, and Magnitude-Parity. Second, participants attended two baseline sessions,
which totalled about 2 h, in a quiet setting where they responded to demographic questions
in the first session, the PAI-BOR in the second session, and other questionnaires across
the two sessions. Third, over the course of 7 days, participants filled in a daily diary with
measures of affect and other questionnaires. The daily diary data were not analysed in the
current paper.

2.4. Plan of Analysis

As the PAI-BOR has not been validated in an Asian sample before, the subfactors of
affective instability, identity problems, negative relationships, and self-harm were estimated
using confirmatory factor analysis. The four subfactors were manifested through 6 items
each—items 1 (“My mood can shift quite suddenly”), 4 (“My moods get quite intense”),
7 (reverse coded “My mood is very steady”), 10 (“I have little control over my anger”),
14 (reverse -coded “I’ve always been a pretty happy person”) and 18 (“I’ve had times when
I was so mad I couldn’t do enough to express all my anger”) were used to manifest affective
instability; items 2 (“My attitude about myself changes a lot”), 5 (“Sometimes I feel terribly
empty inside”), 8 (“I worry a lot about other people leaving me”), 11 (“I often wonder
what I should do with my life”), 15 (“I can’t handle separation from those close to me
very well”), and 19 (reverse-coded “I don’t get bored very easily”) were used to manifest
identity problems; items 3 (“My relationships have been stormy”), 6 (“I want to let certain
people know how much they’ve hurt me”), 9 (“People once close to me have let me down”),
12 (reverse-coded “I rarely feel very lonely”), 16 (“I’ve made some real mistakes in the
people I’ve picked as friends”), and 20 (reverse-coded “Once someone is my friend, we
stay friends”) were used to manifest negative relationships; and items 13 (“I sometimes
do things so impulsively that I get into trouble”), 17 (“When I’m upset, I typically do
something to hurt myself”), 21 (“I’m too impulsive for my own good”), 22 (“I spend money
too easily”), 23 (“I’m a reckless person”), and 24 (reverse coded “I’m careful about how I
spend my money”) were used to manifest self-harm.

The latent variables of updating-working memory, inhibitory control, and cognitive
flexibility were first estimated using confirmatory factor analysis. The latent variables
were manifested through the 9 tasks carried out during the cognitive sessions—Colour,
Number, and Letter Keep-Track tasks were used to manifest updating-working memory
capacity; Simon, Flanker, and Stroop tasks were used to manifest inhibitory control; and
Animacy-Locomotion, Colour-Shape, and Magnitude-Parity tasks were used to manifest
cognitive flexibility.

Subsequently, we ran a total of 10 unadjusted and adjusted structural equation models
with each participant’s mean BPD scores as the outcome and executive functions as the
predictor (as represented by the three latent variables). In the first model, we used the mean
composite BPD symptom scores as the predictor, and this was regressed against the three
executive function latent variables. In Models 2 to 5, we regressed the mean score of each
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BPD subfactor against the three executive function latent variables. Each adjusted model
controlled for demographic covariates, namely, age, sex (dummy-coded with female = 1),
race (dummy-coded with ethnic majority Chinese = 0), household income, and subjective
socioeconomic status. This was undertaken to investigate if executive functions could
significantly predict and account for BPD score outcomes, and the BPD score outcomes
observed were not due to any demographic factors.

Several fit indices were used to check model fit, where better fit was indicated by a
non-significant chi-square statistic χ2, higher values of Bentler’s comparative fit index (CFI)
and the Tucker–Lewis index (TLI), and lower values of standardised root mean-squared
residual (SRMR), and root mean square error of approximation (RMSEA). Although the
chi-square statistic is oversensitive, it is still a widely used test of model fit, and as such we
have included it. Established cut-offs were used to judge model fit, whereby an excellent
model fit would be indicated by CFI ≈ 0.95, TLI ≈ 0.95, and SRMR ≈ 0.08 [74], as well as
RMSEA < 0.06 [75]. Lower values of Akaike’s information criterion (AIC) and Bayesian
information criterion (BIC) were used to compare between models.

2.5. Transparency and Openness

This study’s design and its analysis plan were not pre-registered. All data and code
have been made publicly available on Researchbox (#930—https://researchbox.org/930).
All analyses were conducted in R version 4.1.2 [76] using lavaan version 0.6–11 [77] set
to mimic Mplus [78] in all calculations. We used full-information maximum likelihood
parameter estimation to handle missing data.

3. Results
3.1. Confirmatory Factor Analysis

The fit of the four-factor measurement model of BPD symptomatology was acceptable,
CFI = 0.776, TLI = 0.746, SRMR = 0.087, RMSEA = 0.094, and most of the manifest variables
loaded significantly onto their respective latent subfactors of interest. While the chi-square
test was statistically significant (p < 0.001), suggesting that the model was significantly
different from data, this was to be expected as the chi-square test statistic is oversensitive to
large sample sizes [79,80]. Two manifest variables (item 19 “I don’t get bored very easily”
and item 20 “Once someone is my friend, we stay friends”) did not load significantly
onto their corresponding subfactors of identity problems and negative relationships. In
accordance with previous works, there were significant latent intercorrelations between
the four subfactors of affective instability, identity problems, negative relationships, and
self-harm (rs = [0.233, 0.445], all ps < 0.001). Figure 1 depicts the confirmatory factor analysis
used to assess the measurement model.

Consistent with the three-factor model of executive functions hypothesised by Miyake,
Friedman et al. (2000), the fit of the current three-factor model was excellent: CFI = 0.977,
TLI = 0.966, SRMR = 0.047, RMSEA = 0.051. Similar to previous works, each manifest vari-
able loaded significantly onto its latent variable of interest (ps < 0.001), and there were signif-
icant latent correlations between inhibitory control and task switching (r = 0.635, p < 0.001),
between inhibitory control and updating-working memory (r = −0.049, p = 0.004), and
between task switching and updating-working memory (r = −0.038, p < 0.001). Figure 2
depicts the confirmatory factor analysis used to assess the measurement model.

https://researchbox.org/930
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Figure 1. Confirmatory factor analysis of four-factor measurement model of BPD symptomatology.
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arrows connecting latent variables to manifest variables represent standardised factor loadings.
Double-headed arrows connecting latent variables represent latent intercorrelations. Single-headed
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3.2. Structural Equation Modelling

The models showed excellent fits as seen from the summary statistics in Table 2. Table 3
summarises the standardised coefficient estimates of the three latent variables of updating-
working memory capacity, inhibitory control, and task-switching for the composite BPD
score and four subfactors of affective instability, identity problems, negative relationships,
and self-harm in adjusted and unadjusted Models 1 to 5.

Executive functions were not significantly associated with BPD symptomatology
across all models. Inhibitory control was not significantly associated with the composite
BPD score (unadjusted: β = 0.006, z = 0.04, p = 0.963; adjusted: β = 0.074, z = 0.64, p = 0.517),
affective instability (unadjusted: β = −0.079, z = −0.66, p = 0.509; adjusted: β = −0.002,
z = −0.02, p = 0.983), identity problems (unadjusted: β = −0.012, z = −0.09, p = 0.923;
adjusted: β = 0.062, z = 0.54, p = 0.589), negative relationships (unadjusted: β = −0.054,
z = −0.454, p = 0.650; adjusted: β = −0.019, z = −0.16, p = 0.870), and self-harm (unadjusted:
β = 0.155, z = 1.29, p = 0.194; adjusted: β = 0.189, z = 1.59, p = 0.111). Similarly, cognitive
flexibility was not significantly associated with the composite BPD score (unadjusted:
β = 0.050, z = 0.40, p = 0.687; adjusted: β = −0.011, z = −0.09, p = 0.927), affective instability
(unadjusted: β = 0.148, z = 1.193, p = 0.233; adjusted: β = 0.082, z = 0.686, p = 0.493), identity
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problems (unadjusted: β = 0.036, z = 0.29, p = 0.923; adjusted: β = −0.036, z = −0.304,
p = 0.761), negative relationships (unadjusted: β = 0.120, z = 0.96, p = 0.336; adjusted:
β = 0.101, z = 0.08, p = 0.414), and self-harm (unadjusted: β = −0.133, z = −1.07, p = 0.284;
adjusted: β = −0.167, z = −1.34, p = 0.178). Likewise, updating-working memory was
not significantly associated with the composite BPD score (unadjusted: β = 0.018, z = 0.23,
p = 0.817; adjusted: β = −0.006, z = −0.07, p = 0.938), affective instability (unadjusted:
β = 0.017, z = 0.21, p = 0.827; adjusted: β = 0.001, z = 0.00, p = 0.993), identity problems
(unadjusted: β = 0.097, z = 1.24, p = 0.213; adjusted: β = 0.054, z = 0.71, p = 0.475),
negative relationships (unadjusted: β = 0.004, z = 0.055, p = 0.956; adjusted: β = 0.011,
z = 0.14, p = 0.888), and self-harm (unadjusted: β = −0.059, z = −0.75, p = 0.444; adjusted:
β = −0.081, z = −1.04, p = 0.299). Some significant associations were however found
between the executive functions and the covariates in the adjusted models, as seen from
the highlighted coefficients in Table 3. Figure 3 depicts the structural equation modelling
employed in the unadjusted composite BPD model, while Figure 4 depicts the structural
equation modelling employed in the adjusted composite BPD model. The figures for
the unadjusted and unadjusted individual BPD subfactor models can be found in the
supplement Researchbox (#930).
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Figure 2. Confirmatory factor analysis of three-factor model of executive functions. Circles represent
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Table 2. Summary of model fits.

df χ2 pχ2 AIC BIC SRMR RMSEA CFI TLI

Confirmatory Factor Analysis
PAI-BOR 246 750.16 0.000 13610.63 13879.81 0.081 0.094 0.758 0.729

Executive Functions 24 38.780 0.029 3748.63 3852.16 0.047 0.051 0.977 0.966
Structural Equation Modelling

Unadjusted
Composite BPD 30 46.082 0.031 4079.27 4200.06 0.045 0.048 0.975 0.963

Affective Instability 30 49.680 0.013 4198.45 4319.24 0.047 0.053 0.970 0.955
Identity Problem 30 47.560 0.022 4184.18 4304.97 0.046 0.050 0.973 0.960

Negative Relationships 30 45.407 0.035 4128.72 4249.50 0.045 0.047 0.976 0.964
Self-harm 30 43.834 0.049 4195.54 4316.33 0.045 0.044 0.979 0.968
Adjusted

Composite BPD 75 118.82 0.001 4067.36 4205.40 0.056 0.050 0.937 0.920
Affective Instability 75 121.52 0.001 4184.35 4322.39 0.056 0.052 0.934 0.916

Identity Problem 75 119.70 0.001 4169.24 4307.28 0.056 0.051 0.936 0.919
Negative Relationships 75 118.57 0.001 4129.56 4267.60 0.056 0.050 0.936 0.919

Self-harm 75 118.09 0.001 4196.69 4334.73 0.056 0.050 0.937 0.920

Note. AIC = Akaike’s information criterion; BIC = Bayesian information criterion; SRMR = standardised root
mean-squared residual; RMSEA = root mean square error of approximation; CFI = Bentler’s comparative fit index;
TLI = Tucker–Lewis index. Lower values of AIC, BIC, SRMR, and RMSEA indicate better fit. Higher values of CFI
and TLI indicate better fit. Unadjusted models include the composite BPD trait score as well as individual latent
subfactors, while the adjusted models additionally include the covariates of age, sex, race, household income, and
subjective socioeconomic status.

Table 3. Standardised coefficient estimates of three latent variables of inhibitory control, cognitive
flexibility, and updating-working memory capacity predicting composite BPD and four subfactors of
affective instability, identity problems, negative relationships, and self-harm.

Composite BPD Affective Instability Identity Problems Negative
Relationships Self-Harm

Predictor Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Executive Functions
Inhibitory control 0.006 0.074 −0.079 −0.002 −0.012 0.062 −0.054 −0.019 0.155 0.189

Cognitive flexibility 0.050 −0.011 0.148 0.082 0.036 −0.036 0.120 0.101 −0.133 −0.167
Working memory 0.018 −0.006 0.017 0.001 0.097 0.054 0.004 0.011 −0.059 −0.081

Covariates
Age −0.168 * −0.120 −0.172 * −0.070 −0.174 *

Sex (0 = male, 1 = female) 0.097 0.157* 0.131 0.013 0.005
Household income −0.071 −0.080 −0.052 −0.089 −0.013

Subjective socioeconomic status −0.174 * −0.180 * −0.155 * −0.136 −0.090
Race (0 = majority, 1 = minority) −0.070 −0.042 −0.130 * −0.018 −0.032

Note. N = 233. * Regressions were statistically significant at p < 0.05. The rest of the regressions
were non-significant.
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Single-headed arrows connecting latent variables to manifest variables represent standardised factor
loadings. Single-headed arrows connecting executive function latent variables to the composite BPD
traits represent regressions. Single-headed arrows on the right of the figure represent error terms. The
intercorrelations between the executive functions were modelled but not displayed in the figure. Solid
lines represent significant relationships, while dashed line represents non-significant relationships, at
the 0.05 level.
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4. Discussion

The current study aimed to expand the existing literature on the underlying cognitive
mechanisms in BPD symptomatology by exploring the relationship between executive
functions and BPD symptomatology in a nonclinical population. Based on the results of
our structural equation modelling in all unadjusted and adjusted models, we did not find
strong evidence that executive functions, in the domains of inhibitory control, cognitive
flexibility, and updating-working memory, were associated with the four subfactors of BPD
symptomatology—namely, affective instability, identity problems, negative relationships,
and self-harm—nor with overall BPD symptomatology in a nonclinical population.

Our novel study showed no evidence that suggests deficits in executive function can
be a risk factor for the manifestation of BPD symptomatology in nonclinical populations.
While executive functions have been shown to predict many important life outcomes [26],
our study identifies an important boundary condition of the role of executive functions in
BPD symptomatology. It is plausible that BPD symptomatology in nonclinical populations
is less cognitive in nature. The lack of association between the latent factor of executive
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functions and BPD symptomatology could also be driven by the distinction between BPD
symptomatology between clinical and nonclinical populations. For instance, BPD symp-
tomatology in nonclinical populations tends to be less severe and more context-dependent
than BPD symptomatology in clinical populations [16,81]. Thus, situational factors such as
exposure to stressors and relational quality [82–87] may predict BPD symptomatology in
nonclinical populations better than stable cognitive traits such as executive functions [88,89].
Alternatively, another possibility for the lack of evidence found in the current study could
be that executive functions peak between late adolescence to adulthood, between the ages
of 20 to 29 [90–94]. Our sample’s observed age range was between 18 to 30, which matches
the proposed peak executive function age band. Thus, there might be more range restric-
tions in the executive functioning of young adults that may attenuate the link between
executive functions and BPD symptomatology.

However, it should be noted that these results should not discourage the employment
of effective treatments for executive functioning, and its associated domains of behavioural
impulsivity, emotional reactivity, and emotional dysregulation, in clinical populations
diagnosed with BPD. These treatments, consisting of cognitive remediation [95,96] and
brain stimulation [97,98], have been shown to have benefits in enhancing and alleviating
typical BPD symptomatology that should not be overlooked.

It is noteworthy that the current study addressed several prominent methodological
and statistical issues in the field. Firstly, our study recognised the multidimensional aspect
of executive functions and encapsulated this through the battery of nine tasks in the three
executive function domains (inhibitory control, cognitive flexibility, and updating-working
memory). Thus, we can rule out the possibility that the null results found in the current
study are simply due to the possibility that the relations between executive functions and
BPD symptomatology in nonclinical populations are domain-specific. Secondly, the present
research leveraged on the use of robust latent variable analysis to address the issue of task
impurity in the executive function tasks. This reduces type II error rates through increased
statistical power, while also reducing type I error rates [64].

Our findings do however have their limitations. Firstly, the present study is correla-
tional in nature and is thus limited in its interpretability of directionality. While our study
used the logic that poor executive functions result in greater BPD symptomatology, it is
entirely possible that greater BPD symptomatology results in poorer executive functions.
Furthermore, the present study is cross-sectional in nature, using only one time point of
executive functioning and BPD symptomatology data. Both executive functions [90] and
BPD symptomatology [99] have been found to fluctuate over time as an individual ages, so
future studies could thus utilise longitudinal and experimental methods to further examine
the directionality and stability of the relationship between executive functions and BPD
symptomatology. The current study also utilised the PAI-BOR scale, which has not been
validated in Asian samples. As such, it could be possible that the items might not accurately
represent or reflect subfactors present in the Asian demographic. Future studies could thus
test the validity of the PAI-BOR in Asian samples.

In sum, the current study shows that deficits in executive functions may not be a risk
factor for the manifestation of BPD symptomatology in young adults. The finding has given
critical insights towards the relatively unexplored association between executive functions
and BPD traits. Given that BPD symptomatology develops differently between clinical and
nonclinical populations, the findings bolster the need to investigate this disparity further.
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