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ABSTRACT
BACKGROUND: Borderline personality disorder (BPD) is associated with heightened impulsivity, evidenced by
increased substance abuse, self-harm, and suicide attempts. Addressing impulsivity in individuals with BPD is a
therapeutic objective, but its underlying neural basis in this clinical population remains unclear, partly due to its
frequent comorbidity with attention-deficit/hyperactivity disorder (ADHD).
METHODS: We used a response inhibition paradigm—the interleaved pro-/antisaccade task—among adolescents
diagnosed with BPD with and without comorbid ADHD (n = 25 and n = 24, respectively) during concomitant
video-based eye tracking. We quantified various eye movement response parameters reflective of impulsive action
during the task, including delay to fixation acquisition, fixation breaks, anticipatory saccades, and direction errors
with express saccade (saccade reaction time: 90–140 ms) and regular saccade latencies (saccade reaction time
. 140 ms).
RESULTS: Individuals with BPD exhibited deficient response preparation, as evidenced by reduced visual fixation on
task cues and greater variability of saccade responses (i.e., saccade reaction time and peak velocity). The ADHD/BPD
group shared these traits and made more anticipatory responses and direction errors with express saccade latencies
and reduced error correction.
CONCLUSIONS: Saccadic deficits in BPD and ADHD/BPD stemmed not from an inability to execute antisaccades
but rather from inadequate preparation for the upcoming task set. These distinctions may arise due to abnormal
signaling in cortical areas like the frontal eye fields, posterior parietal cortex, and anterior cingulate cortex. Under-
standing these mechanisms could provide insights into targeted interventions focusing on task set preparation to
manage response inhibition deficits in BPD and ADHD/BPD.

https://doi.org/10.1016/j.bpsc.2024.07.003
Of the 9 traits of borderline personality disorder (BPD) listed in
the DSM-5, impulsivity is the most predictive of continued BPD
symptoms (1). Impulsivity is associated with an increased
likelihood of poor outcomes in individuals with BPD, including
self-harm, substance abuse, incarceration, and death by sui-
cide (2–4). Unfortunately, the heterogeneity of behaviors that
make up impulsivity has created challenges for the research
community to reliably identify neural correlates that underlie
this phenomenon in BPD and treat it effectively (5–7). For
example, the impulsivity criterion for BPD in the DSM-5 is met
by a history of self-damaging behavior in at least 2 of the
following domains: spending, sex, substance use, reckless
driving, and binge eating (8). In contrast, in attention-deficit/
hyperactivity disorder (ADHD), the DSM-5’s impulsivity cate-
gory is described as, “often talks excessively,” “often has
trouble waiting their turn,” and “is often on the go” acting as if
“driven by a motor” (8). Impulsivity is described differently still
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in antisocial personality disorder, gambling disorder, and
substance use disorder (8).

To better identify which neural signaling pathways underlie
impulsivity in psychiatric disorders like BPD, the use of quan-
titative tests, with continuous measures and established
anatomical correlates in the brain, has been recommended
(9,10). The interleaved pro-/antisaccade task (IPAST) is well
suited to this role, having characterized changes of executive
function across normal development and aging and in neuro-
logical and psychiatric populations (11–17). The antisaccade
task is a simple but effective measure of inhibitory control
because it requires participants to first suppress an automatic
eye movement toward a visual target (prosaccade) and then
produce a voluntary saccade in the opposite direction of the
target (antisaccade). Despite its simplicity, successful
completion of the antisaccade requires functioning of multiple
brain areas, including the frontal and parietal cortex, visual
ociety of Biological Psychiatry. All rights are reserved,
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Figure 1. Interleaved pro-/antisaccade task (IPAST) paradigm. Each trial
started with a 1000-ms intertrial interval where the screen was blank with a
black background. A central fixation point appeared that was either green,
indicating a prosaccade trial, or red, indicating an antisaccade trial. The
fixation point then disappeared so that the screen was blank for 200 ms. A
peripheral target appeared either 10� right or left from the center of the
screen. On prosaccade trials, participants were instructed to make a
saccade to the peripheral target, and on antisaccade trials, they were
instructed to look equal and opposite to the target. The target appeared on
screen for 1000 ms prior to the start of a new intertrial interval. A total of 240
trials were recorded, and prosaccade and antisaccade trials were pseu-
dorandomized. Saccades with latencies between 2200 and 89 ms relative
to target appearance were labeled as anticipatory, 90 to 140 ms as express,
and .140 ms as regular. Saccades made toward peripheral targets on
antisaccade trials were considered direction errors, and saccades made in
the correct direction following an error were considered corrected saccades.
deg, degree; fix, fixation.
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cortex, thalamus, basal ganglia, superior colliculus, cere-
bellum, paramedian pontine reticular formation, and extra-
ocular motor nuclei, making it a useful tool to query brain
pathology (18). Deficits in antisaccade performance have been
found in clinical pathologies associated with heightened
impulsivity, including obsessive-compulsive disorder (19),
Tourette syndrome (20), schizophrenia (21), and fetal alcohol
spectrum disorders (22,23).

A variety of ocular behaviors in the IPAST reflect impulsivity
and result in poor task performance, including 1) looking away
from the fixation point (FP) that provides the instruction for an
upcoming pro- or antisaccade (fixation breaks), 2) guessing
future target locations (anticipatory saccades), and 3) making
prosaccades to targets on antisaccade trials (direction errors).
Distinct signaling pathways in frontal and basal ganglia regions
code these behaviors, and the absence of correlation among
these measures suggests that these 3 error types are essen-
tially different (17,24). Thus, careful examination of these be-
haviors can help quantify impulsivity in BPD and provide
insight into the functioning of their associated neural circuitry.

We performed our eye-tracking study with adolescent pa-
tients with BPD because this is the developmental stage when
BPD symptoms first start to emerge and is therefore an
important stage for behavioral characterization. We analyzed
patients with BPD and BPD with comorbid ADHD (ADHD/BPD)
separately to compare how ocular impulsivity measures
differed in these groups. Analysis of BPD based on ADHD
comorbidity is especially important given the high rates of co-
occurrence (i.e., upward of 50%) (25,26) and previous findings
of distinct response inhibition behavior in the 2 groups (27–29).
Based on previous evidence of impaired frontolimbic circuits in
BPD (30–33), we hypothesized that individuals with BPD and
ADHD/BPD would show impaired preparation for the IPAST
trial, but not impaired saccade execution. Furthermore, we
anticipated reduced antisaccade performance in the BPD
group with comorbid ADHD.

METHODS AND MATERIALS

Participants

The research protocol (#PHYS-007-97) received approval from
Queen’s University Faculty of Health Sciences. The age range
for study inclusion was 11 to 18 years. Outpatients who were
undergoing dialectical behavior therapy for BPD at Kingston
Health Sciences Centre’s Division of Child and Youth Mental
Health, Canada served as clinical participants. The Structured
Clinical Diagnostic Interview for Personality Disorders was
used to make BPD diagnoses on the day of study completion.
Inclusion criteria are provided in Supplemental Methods. Given
that females are more often diagnosed with BPD than males,
we recruited age-matched healthy female adolescents for the
control group. Control participants had no history of psychi-
atric or neurological disorders. All participants possessed
either normal vision or corrected-to-normal vision. Written
consent was obtained from participants ages $18 years. For
participants ,18 years, we obtained oral assent from the
participants themselves, and written consent was obtained
from their legal guardians. The duration of the experiment was
approximately 1 hour. Participants received compensation at a
rate of $20/hour for their participation.
Biological Psychiatry: Cognitive Neuroscience and Neuroima
Recording and Apparatus

Participants were seated 60 cm away from a 17-inch 1280 3

1024 pixel resolution LCD computer monitor in a dark room to
undergo eye tracking. Participants’ head position was stabi-
lized using a head rest mounted on the desk, permitting them
to rest their chin and forehead comfortably. Details of eye-
tracking acquisition can be found in Supplemental Methods.

Interleaved Pro-/Antisaccade Task

The IPAST started with an intertrial interval (ITI) that was 1000
ms in duration and featured a blank background (0.1 cd/m2).
Next, a central FP (0.5� diameter dot, 44 cd/m2) appeared on
screen for 1000 ms. The color of the FP indicated the trial
condition (green = prosaccade, red = antisaccade). The FP
then disappeared, and the screen was blank for 200 ms (gap
period), followed by the appearance of a peripheral target that
was 10� to the right or left of central position. On prosaccade
trials, participants were instructed to look toward the periph-
eral target. On antisaccade trials, participants were instructed
to look in the equal and opposite direction from the peripheral
target (Figure 1). The peripheral target remained on the screen
for 1000 ms and was followed by an ITI, indicating a break
between trials. Prosaccade and antisaccade trials were pseu-
dorandomly interleaved with equal frequency so that the
participant was unaware of the upcoming trial type until the FP
was displayed. The IPAST paradigm was about 20 minutes in
length and consisted of 2 blocks of 120 trials each with a brief
break in between blocks.

Saccade Data Analysis

Pre- and postprocessing of eye-tracking data during the
IPAST used custom software developed in the laboratory using
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Table 2. BIS Total and Subscale Scores for the BPD and
ADHD/BPD Groups

BIS BPD, Mean 6 SD ADHD/BPD, Mean 6 SD

Total 75.4 6 8.3 81.8 6 10.6

Subscale

Attention 13.0 6 2.1 14.8 6 2.9

Cognitive Instability 8.5 6 2.0 8.7 6 1.7

Motor 16.5 6 3.4 19.0 6 4.0

Perseverance 8.6 6 2.2 9.1 6 2.0

Self-control 15.9 6 4.0 17.1 6 4.0

Cognitive complexity 13.0 6 2.0 13.0 6 2.8

BIS measures did not vary between BPD groups according to presence of an
ADHD comorbidity.

ADHD, attention-deficit/hyperactivity disorder; BIS, Barratt Impulsivity Scale;
BPD, borderline personality disorder.
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MATLAB (version R2024a; The MathWorks Inc.). Preprocess-
ing steps of IPAST data have been described in detail else-
where (34). In the current study, we report on ocular behavior
across the entirety of an IPAST trial, including the ITI, FP
display, gap period, and peripheral target display. Saccades
with reaction times (RTs) ,90 ms following target appearance
were deemed anticipatory. Saccades with RTs between 90 and
140 ms were defined as express, and those with RTs. 140 ms
were labeled as regular. More details on saccade categoriza-
tion and eye-tracking data analysis, including fixation analysis
and calculation of voluntary override time (VOT), can be found
in Supplemental Methods.

Statistical Testing and Reporting

Eye-tracking parameters were first averaged for every partici-
pant and then again by group (i.e., control, BPD, and ADHD/
BPD) to allow for group comparisons. The Shapiro-Wilk test
was conducted to assess data normality before performing
statistical tests. If the Shapiro-Wilk test yielded nonsignificant
results, parametric testing of group comparisons was
employed (analysis of variance), and means were reported in
the Results section. However, if the Shapiro-Wilk test was
significant, nonparametric statistics were utilized (Kruskal-
Wallis test), and mean ranks were reported. For significant
models, post hoc pairwise comparisons were conducted using
Tukey’s test for parametric data and the Dunn-Sidak approach
for nonparametric data to mitigate type I errors. p Values
corrected for multiple comparisons were reported. Cohen’s
d effect sizes of significant post hoc results were reported.
Spearman rank correlations were used to investigate the re-
lationships among different ocular measures of impulsivity and
the Barratt Impulsivity Scale (BIS).
Figure 2. Cumulative acquisition of visual fixation to central position prior
to peripheral target appearance in the interleaved pro-/antisaccade task. (A)
Mean cumulative density function (CDF) of fixation to screen center of
RESULTS

A total of 24 individuals with BPD (mean age = 16.4 years,
SD = 1.4), 25 individuals with ADHD/BPD (16.3 6 1.5 years),
and 53 control participants (15.7 6 1.6 years) were included
in the study (Table 1). Age did not differ significantly among
groups (p = .109). Comorbid psychiatric diagnoses among
clinical participants included major depressive disorder
(n = 17), posttraumatic stress disorder (n = 5), anxiety disorders
(n = 22), and eating disorders (n = 10). The average BIS scores
for the clinical cohorts are displayed in Table 2. The participant
group mean percentages of IPAST trials that met the re-
quirements for preprocessing and underwent saccade analysis
for the BPD, ADHD/BPD, and control groups were 96.3%,
97.3%, and 98.6%, respectively.
Table 1. Demographic Characteristics of Study Participants

BPD,
n = 24

ADHD/BPD,
n = 25

Control,
n = 53

Sex, Female, n 24 25 53

Age, Years, Mean 6 SD 16.4 6 1.4 16.3 6 1.5 15.7 6 1.6

Impulsivity, Mean 6 SD 75.4 6 8.3 81.8 6 10.6 65.6 6 9.7

Impulsivity was measured using the total score of the Barratt Impulsivity Scale.
ADHD, attention-deficit/hyperactivity disorder; BPD, borderline personality

disorder.
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Preparation for Task Set

Group fixation acquisition is shown as the average of partici-
pants’ cumulative density function curves in Figure 2.
Regardless of group, approximately 25% of study participants
were already fixating on the center of the screen at the start of
the ITI. However, both the BPD and ADHD/BPD groups were
slower to increase their central fixation in preparation for the
next trial start. Fixation acquisition at FP appearance (21200
ms relative to target appearance) differed significantly by group
(c2

2 = 13.81, p = .001) (Figure 2B) such that control participants
were more likely to be at central fixation by the time of its
borderline personality disorder (BPD) (in blue), attention-deficit/hyperactivity
disorder (ADHD)/BPD (in pink), and control (in gray) participant groups
across the 1000-ms duration of the intertrial interval (ITI) (22200 to 21200
ms, relative to target appearance), fixation point display (21200 to 2200
ms), and gap period (2200 to 0 ms). (B) Individual participants’mean CDF at
the start of the fixation point display period is shown as circle markers, and
the group median is displayed as a horizontal bar. A main effect of partici-
pant group on mean CDF was found (c2

2 = 13.81, p = .001), with significant
post hoc comparisons revealing reduced fixation acquisition of the BPD and
ADHD/BPD groups compared with the control group. (C) A main effect of
fixation acquisition was found at the start of the gap period (c2

2 = 13.81, p =
.001), with reduced fixation acquisition observed in both BPD and ADHD/
BPD groups.

November 2024; 9:1178–1187 www.sobp.org/BPCNNI

http://www.sobp.org/BPCNNI


Figure 3. Cumulative distribution of saccade reaction times on pro- and
antisaccade trials. The vertical black line at 0 ms represents time of target
appearance, with saccade latencies occurring from 0 to 89 ms being clas-
sified as anticipatory, 90 to 140 ms as express (gray bar epoch), and .140
ms as regular. Positive cumulative traces reflect saccades that were
correctly made toward the target (i.e., prosaccade trial) or away from the
target (i.e., antisaccade trial). Negative cumulative traces reflect erroneous
saccade trials. Participants with attention-deficit/hyperactivity disorder
(ADHD)/borderline personality disorder (BPD) made more direction errors,
with the majority of errors occurring in the anticipatory saccade window.
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appearance than participants in the BPD group (p = .0173,
Cohen’s d = 0.764) and the ADHD/BPD group (p = .004,
Cohen’s d = 0.863). This main effect was found again at gap
onset (c2

2 = 13.81, p = .001) (Figure 2C). Control participants
were more likely to be at central fixation at the start of the gap
period than individuals with BPD (p = .035, Cohen’s d = 0.475)
and ADHD/BPD (p = .002, Cohen’s d = 0.616). The BPD and
ADHD/BPD groups did not differ from one another in their
fixation acquisition behavior.

Cumulative reaction time distributions of saccadic re-
sponses on pro- and antisaccade trials are shown in Figure 3.
There was a main effect of group on fixation breaks (i.e.,
Biological Psychiatry: Cognitive Neuroscience and Neuroima
saccades away from fixation that did not return before the end
of the fixation epoch) (c2

2 = 22.65, p = 1.213 1025) (Figure 4A).
Compared with control participants (mean rank = 84.3), par-
ticipants in both BPD (mean rank = 114.8, p = .009, Cohen’s
d = 0.445) and ADHD/BPD groups (mean rank = 129.3,
p = 2.44 3 1025, Cohen’s d = 0.666) made more fixation
breaks. There was no significant difference between the BPD
and ADHD/BPD groups (p = .529). Fixation break frequency did
not vary by FP instruction (i.e., prosaccade vs. antisaccade).
The percentage of IPAST trials with anticipatory saccades
differed significantly by group (c2

2 = 11.65, p = .003)
(Figure 4B). Individuals with ADHD/BPD (mean rank = 124.04)
made significantly more anticipatory saccades than control
participants (mean rank = 90.16, p = .002, Cohen’s d = 0.537);
no other pairwise comparisons were significant. All groups
showed increased anticipatory saccades for an upcoming
prosaccade trial than for an antisaccade trial (c2

1 = 16.18, p =
5.78 3 1025) (Figure 4B). There was a main effect of group 3

ratio of total erroneous antisaccades (c2
2 = 8.19, p = .0167),

with post hoc tests revealing significant differences between
the ADHD/BPD (mean rank = 64.78) and control groups (mean
rank = 44.40) (p = .0135, Cohen’s d = 0.775). These data
correspond to a mean antisaccade error rate of 19.64% 6
11.69% in the control group, 26.68% 6 19.82% in the BPD
group, and 32.70% 6 20.76 in ADHD/BPD group. Express
saccade direction errors differed significantly by group (c2

2 =
8.24, p = .0163) (Figure 4C), with significantly more express
saccade direction errors in the ADHD/BPD group than the
control group (mean rank = 43.44, p = .039, Cohen’s d =
0.606). The pairwise comparison between the BPD and control
groups was nonsignificant.
Execution of Task Set

The ratio of regular saccade direction errors did not differ by
group (p = .164). There was no main effect of group on the
median saccade RT (SRT) for pro- or antisaccades (Figure 5A).
The SRT coefficient of variation (CV) did vary significantly by
group (c2

2 = 22.78, p = 1.13 3 1025) (Figure 5B), with larger CV
values for the BPD and ADHD/BPD groups than the control
Figure 4. Fixation breaks, anticipatory saccades,
and express direction errors by participant group. (A)
Circle markers display the mean percentage of trials
with fixation breaks per individual participant, and the
horizontal bars show the group median. Unfilled cir-
cles and bars reflect prosaccade trials, and filled
circles and bars reflect antisaccade trials. A main
effect of participant group on the percentage of trials
with fixation breaks was observed (c2

2 = 22.65, p =
1.21 3 1025). Fixation breaks did not vary by task
condition (i.e., prosaccade vs. antisaccade). (B) The
percentage of trials with anticipatory saccades
differed significantly by group, (c2

2 = 11.65, p = .003)
and task condition (i.e., prosaccade vs. antisaccade)
(c2

1 = 16.18, p = 5.78 3 1025). (C) Ratio of direction
errors with express saccade latencies (saccade re-
action time: 90 to 140 ms, inclusive) on antisaccade
trials varying significantly by participant group (c2

2 =
8.24, p = .0163). ADHD, attention-deficit/
hyperactivity disorder; BPD, borderline personality
disorder.
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Figure 5. Saccade metrics in the interleaved pro-/antisaccade task by
participant group. (A) Mean participants’ saccade reaction times (SRTs) to
peripheral targets are displayed as circles, and horizontal bars reflect the
group median. Light colored circles and bars reflect correct prosaccade
trials, and dark colored circles and bars reflect correct antisaccade trials. As
expected, SRTs were significantly longer for antisaccade trials than for
prosaccade trials. There was no effect of participant group on SRT. (B)
Variability of SRTs, measured by the coefficient of variation (CV), varied
significantly by group (c2

2 = 22.78, p = 1.13 3 1025), with larger SRT CV
measures in the borderline personality disorder (BPD) and attention-deficit/
hyperactivity disorder (ADHD)/BPD groups than the control group. (C) Peak
velocity did not differ by group membership; however, the (D) CV of peak
velocity did differ significantly by group (c2

2 = 7.56, p = .023).

Figure 6. Polynomial fits of corrected direction errors vs. total direction
errors. (A) Participants’ number of direction errors on antisaccade trials (y-
axis) plotted against participant’s number of corrected saccades (x-axis). (B)
Polynomial fits were applied to panel (A) data, and the average fit for each
participant group is plotted. The dotted black line is a meridian line with a
slope of 1, meaning that there is a corresponding corrected saccade for
every direction error. Polynomial fits differed significantly for the attention-
deficit/hyperactivity disorder (ADHD)/borderline personality disorder (BPD)
group vs. the BPD and control groups, supporting fewer corrective sac-
cades following direction errors.
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group (p = 5.33 3 1024, Cohen’s d = 0.585 and p = 2.06 3

1024, Cohen’s d = 0.655, respectively). Similarly, peak
saccadic velocity did not differ by group (Figure 5C), whereas
the CV of peak saccadic velocity did (c2

2 = 7.56, p = .023)
(Figure 5D); however, the post hoc analysis was nonsignificant.
No main effects of group were observed on saccade amplitude
(p = .070) or amplitude CV (p = .076).

The number of direction errors and number of corrected
direction errors (i.e., saccades to the correct location following
an error) were plotted for each participant (Figure 6A).
Figure 6B shows that the averaged polynomial fits varied by
group (c2

2 = 11.82, p = .0027), with differences between the
ADHD/BPD and control groups (p = .042), indicating that
participants with ADHD/BPD corrected fewer errors. Further-
more, the intersaccade interval (ISI) between the end of a di-
rection error and the onset of a corrective saccade varied by
group (p = .02) (Figure 7), with a significantly longer average ISI
in the ADHD/BPD group than in the control group. Voluntary
override time (VOT) did not interact with group (see Figure 8 for
the VOT cumulative distribution curves and mean VOT).

Correlations Among Impulsivity Measures

Self-report measures of impulsivity in BPD groups assessed
by the BIS total score and subscale scores were not
1182 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging
significantly correlated with ocular performance measures of
fixation breaks, anticipatory saccades, or express or regular
latency direction errors.

DISCUSSION

We interpreted differences in saccade performance across the
IPAST paradigm as 1) failure to prepare for a task set (i.e.,
fixation acquisition, fixation breaks, anticipatory saccades, and
express direction errors) versus 2) failure to execute a task set
(i.e., saccade metrics [e.g., SRT, peak velocity, amplitude],
regular direction errors, VOT, and corrective saccades) and
discuss associated oculomotor circuits and theorize as to how
they could be impacted in adolescent BPD with and without
comorbid ADHD. We found substantial differences between
both the BPD and ADHD/BPD groups and the control group in
the preparation for eye movements. However, the actual
execution of eye movements was similar among groups. The
ADHD/BPD group displayed reduced response inhibition per-
formance compared to the control group, above and beyond
that of the BPD group, as evidenced by increased direction
errors and fewer and delayed correction of errors.

Preparation for the Task Set

Impaired Fixation in BPD and ADHD/BPD. BPD and
ADHD/BPD groups showed delayed fixation acquisition
compared to age- and sex-matched control group, corre-
sponding with large effect sizes (Cohen’s d = 0.764 and 0.863,
respectively) (Figure 2B). Both BPD groups showed increased
fixation breaks. To our knowledge, this study is the first to
November 2024; 9:1178–1187 www.sobp.org/BPCNNI
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Figure 7. Timing of saccade correction on erro-
neous antisaccade trials. Distribution of inter-
saccade intervals between direction errors and
corrected saccades following erroneous express
saccades (top row) and erroneous regular saccades
(bottom row). There was a main effect of participant
group 3 intersaccadic interval (c2

2 = 7.17, p =
.0277), with participants with attention-deficit/
hyperactivity disorder (ADHD)/borderline personal-
ity disorder (BPD) taking significantly longer to make
a corrective saccade than participants with BPD
alone and control (CTRL) participants (p = .0216).
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describe abnormal fixation behavior in BPD; however, previous
work has noted increased frequency of intrusive saccades in
ADHD during periods of fixation in a prosaccade task (35), a go/
no-go task (36), and a peripheral target distractor task (37,38). In
the antisaccade task, Loe et al. varied the duration of the FP
(0.5–6 seconds) (37). They found that longer fixation durations
led to higher SRTs and fewer direction errors. However, this
effect was absent in the ADHD group. Based on our data, we
suggest that inadequate fixation or failure to achieve optimal
Biological Psychiatry: Cognitive Neuroscience and Neuroima
fixation before the gap onset hinders the inhibitory effect of
saccades on saccade initiation in ADHD (39).

There was no task effect on fixation acquisition or fixation
breaks (Figure 2), indicating that fixation impairments are not
caused by aberrant top-down signaling necessary for anti-
saccade production. The posterior parietal cortex (PPC) likely
underlies the behavior of poor fixation in BPD and ADHD/BPD
given its fixation-related excitability (40–42) and discharge
properties similar to those of fixation cells in the intermediate
Figure 8. Voluntary override time by participant
group. (A) Mean cumulative saccade reaction time
distributions for direction error antisaccade trials
subtracted by correct antisaccade trials per partici-
pant group. The minimum point of the cumulative
distribution was calculated per individual participant,
averaged across trials, and displayed as circular
markers in (B) as voluntary override time. This
measure is an estimate of the amount of time that it
takes for the voluntary signal to outcompete the
automatic signal to generate an antisaccade in the
direction opposite of the peripheral target. There
was no main effect of group type on voluntary
override time. ADHD, attention-deficit/hyperactivity
disorder; BPD, borderline personality disorder.
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layer of superior colliculus (SCi) (43). Diminished activity of
visual PPC neurons may explain our findings of fixation
instability in both groups because the parietal lobe is highly
implicated in BPD [see Swinton (44) for a review], with multiple
studies reporting structurally smaller parietal cortices in BPD
(45–48) and abnormal metabolic signaling (49). Furthermore,
hypoactivity of the parietal lobe has been documented in
ADHD during response inhibition tasks (50–52). The frontal eye
fields (FEFs) also demonstrate neuronal activity specific to vi-
sual fixation, and stimulation of their fixation cell sites results in
bilateral saccade suppression (53,54). Fixation breaks have
been likened to task disengagement or reduced motivation
because they were found to be correlated with attention/
working memory scores and executive function scores (17).
Worsened fixation may reflect an overall reduced attentional
state in BPD and ADHD/BPD that corresponds with diminished
fixation-related activity within cortical areas of the PPC and
FEFs that relay input to the SCi to maintain fixation in prepa-
ration for the start of the task.

Increased Anticipatory Responses in ADHD/
BPD. Consistent with the results of our previous study (27),
we observed that when ADHD comorbidity was controlled for,
there was no difference between the BPD and control groups
in their percentage of anticipatory saccades. Our finding of
increased premature responses in the comorbid ADHD group
is consistent with previous research that has supported an
impaired ability to wait for trial start prior to motor action
(36,55,56). However, our results in the BPD group differ from
those of a previous antisaccade study that cited more antici-
patory saccades in individuals with BPD than in control in-
dividuals (57). We attribute this difference to the range of SRTs
that were considered anticipatory, with ours being 0 to 89 ms
relative to target appearance and that of Grooten et al. (57)
being 2500 to 80 ms, which likely included fixation breaks.
Furthermore, a comorbid ADHD diagnosis was not excluded,
so it is unknown whether or to what extent comorbid ADHD
pathology influenced the results. Our findings also differ from
those of Parr et al. (58), who found increased anticipatory ac-
tion in BPD; however, we credit this discrepancy to several key
differences in task design and task demands, which are dis-
cussed in the Supplemental Discussion.

Increased anticipatory motor action during IPAST has been
observed in macaques following injection of muscimol to the
rostral SCi, resulting in reduced fixation cell excitability (39).
Similar to our results (Figure 4B), that study reported an anti-
effect on fixation cell firing that corresponded with fewer
anticipatory saccades on antisaccade trials (39). Therefore,
increased anticipatory saccades in ADHD/BPD likely reflects
reduced cortical inhibition to SCi before trial start, which results
in excessive premotor activity that overlaps with the cortico-
striato-thalamocortical loop of the oculomotor circuit (59),
specifically aberrant signaling of the PPC and prefrontal cortex.

Increased Express Direction Errors in ADHD/
BPD. Compared with control participants, express direction
errors were increased in participants with ADHD/BPD
(Figure 4C); however, this was not observed in BPD alone. Of
the 2 antisaccade studies performed previously in BPD, one
1184 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging
noted no difference compared with control participants,
consistent with our results, and the other reported increased
errors (57). The Grootens et al. study (57) did not exclude
participants with an ADHD comorbidity, and the type of di-
rection errors were pooled (i.e., express and regular); therefore,
a direct study comparison is limited. To prevent an express
direction error, visuomotor cell activity in the SCi must have
reduced excitability prior to target appearance (60,61). If this
activity is not adequately reduced during this preparatory
period, the visual transient signal will be strong enough to
evoke a fast prosaccade to the peripheral target, resulting in a
direction error. Brain areas that are important for relaying
preemptive inhibitory firing to prevent the peripheral visual
stimulus from triggering a saccadic command are the FEFs
and fixation cells in the SCi. Individuals with lesions in the
dorsolateral prefrontal cortex, including FEF areas, generate
increased direction errors, mainly with express saccade la-
tencies (16). Other neural regions that show enhanced pre-
target activity during antisaccade trials versus prosaccade
trials include the caudate nucleus and the external segment of
the globus pallidus (62,63).

Based on our results, we theorize that dysfunctional pre-
paratory signaling of frontal structures, such as the FEFs, and
possibly striatal areas, underlie the behavioral result of
increased express saccade errors in the ADHD/BPD group.
This result is again consistent with impairment of signaling
within the oculomotor circuit (59). Age-based modeling sup-
ports that express errors increase from childhood, peaking at 9
to 11 years and then decreasing until the early twenties and
remaining steady into old age (24), reflecting the maturation of
automated pathways to make an express saccade by mid-
childhood and delayed maturation of top-down preparatory
suppression signals until early adulthood. Because we
collected our data from adolescents, it is unknown whether the
maturation of this circuitry is delayed in the comorbid ADHD
cohort and becomes normal in adulthood or whether it remains
irregular into adulthood, thus warranting future research. In an
IPAST study of multiple neurodegenerative diseases, the
finding of increased express errors was not observed in any of
them (17); however, 5 of the 12 disease subgroups showed
increased regular direction errors. Thus, the impairment of
preparatory inhibitory signaling necessary to prevent an ex-
press direction error may be more specific to the circuitry of
psychopathology versus that of neurodegenerative disease.
Execution of the Task Set

Normal Regular Direction Errors and VOT in In-
dividuals With BPD With and Without ADHD. Regular
latency direction errors did not differ between people with BPD
and ADHD/BPD compared with control participants, support-
ing an intact ability of the voluntary motor signal to override the
automatic signal to successfully make an antisaccade. Brain
areas that relay the voluntary saccade command to inhibit the
automatic command located on the side contralateral to the
visual stimulus include the supplementary eye field and basal
ganglia (64,65). Our result that the VOT was normal in BPD and
ADHD/BPD further supports this result. These findings reaffirm
that deficits in antisaccade performance in ADHD are related to
reduced preparatory control from frontal structures to the SCi
November 2024; 9:1178–1187 www.sobp.org/BPCNNI
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to inhibit saccade neurons. If properly inhibited, however, the
voluntary saccade command is successfully generated via
frontostriatal circuits. This result is consistent with multiple
studies that have reported no difference in performance
execution or corresponding metabolic blood oxygen level–
dependent activity in BPD alone during response inhibition
tasks (28,29,66–71). Consistent with the literature, we found no
group effect on median saccade latencies, peak velocity, or
amplitude (27,37,50,56,57), supporting that differences in
group performance are driven by differences in higher-level
cognition rather than sensorimotor function. Like other
studies in BPD (29,58), ADHD/BPD (29,58), and ADHD
(35,50,55,56), SRT and peak velocity variability were increased
in BPD and ADHD/BPD, supporting diminished task
preparation.

Reduced Error Correction and Delayed Timing of
Correction in ADHD/BPD. Participants in the ADHD/BPD
group corrected fewer errors than the other groups. This could
be the result of a failure to identify that an error had been made
or a lack of motivation to correct the error. In an IPAST func-
tional magnetic resonance imaging study, individuals with
ADHD corrected 75.8% of their antisaccade errors versus
90.6% in control participants (50). Of the corrected saccades,
the ADHD group showed reduced metabolic activity of the
anterior cingulate cortex compared with control participants,
which is involved in the processing and monitoring of errors. It
is possible that hypoactivation of the anterior cingulate cortex
in the ADHD/BPD group underlies our result of fewer error
corrections. These results are further supported by our finding
of an increased gap between the timing of an error and its
correction in the ADHD/BPD group (Figure 7). Whether this
reflects a longer processing time to recognize an error or an
increased time to initiate its correction requires further testing.

Correlations Among Ocular and Clinical Impulsivity
Measures

Our quantitative measures of impulsive action did not correlate
with BIS self-report scales of impulsivity, consistent with pre-
vious work (27,67,72,73). Similarly, despite there being differ-
ences in task response metrics between the BPD and ADHD/
BPD groups, impulsivity as assessed by the BIS did not vary.
These findings support the use of continuous measures of
impulsivity using performance tasks over self-report ques-
tionnaires to establish the nuances of impulsive action and
their neural correlates.

Conclusions

IPAST performance in adolescent BPD and ADHD/BPD indi-
cated reduced fixation behavior and impaired preparatory
signaling prior to task instruction, which resulted in increased
premature responses and short-latency errors in ADHD/BPD
and diminished error correction in ADHD/BPD. Together, these
results implicate aberrant signaling of the PPC and FEFs in
individuals with BPD with and without comorbid ADHD during
visual fixation. Participants with BPD and comorbid ADHD
showed additional impairments of oculomotor circuitry func-
tion, likely involving frontal cortical regions of the dorsolateral
Biological Psychiatry: Cognitive Neuroscience and Neuroima
prefrontal cortex and FEFs. Study limitations can be found in
the Supplemental Discussion.
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