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1. INTRODUCTION
1.1. Research problem and its significance

Obsessive-compulsive disorder (OCD) is one of the most disabling mental
illnesses, according to the World Health Organization (WHO, 1999). OCD,
according to ICD-10 and ICD-11, is characterized by the presence of persistent
intrusive thoughts and/or repetitive compulsive behaviors (WHO, 2019; WHO,
2022). Intrusive thoughts are ideas, images, or impulses that repeatedly appear in a
person's mind and which he cannot get rid of. It is important to note that, even though
these thoughts are involuntary and often disgusting, people with OCD recognize
them as their own. Compulsive actions, or rituals, are stereotyped behaviors that are
repeated over and over again. They do not bring pleasure or serve a useful purpose,
but rather are a means of relieving the anxiety associated with preventing unlikely
events. Patients with OCD avoid situations that cause discomfort, even if there is no
real threat. This behavior can lead to limited social contacts and a deterioration in
the quality of life, as well as have a negative impact on the socio-economic sphere
of society as a whole. Many people with OCD do not seek help for many years due
to stigma, despite understanding that obsessive thoughts are meaningless and/or
rituals are ineffective (Fineberg et al., 2018; Nakao et al., 2014; WHO, 1983, 2022).

Despite the expansion of scientific knowledge about OCD, a number of
questions about the psychophysiological features of this disease remain unresolved.
Clinical manifestations of OCD include the inability to stop recurring negative
thoughts, avoid unhelpful activities, and shift attention to more productive activities.
Neuropsychological studies in patients with OCD have identified deficits in
executive functions, including impairments in inhibitory control and attention
(Benzina et al., 2016). At the same time, unlike other disorders, patients with OCD
retain the ability to self-criticize: patients suffering from this disorder are aware of
the inadequacy, illogicality of their compulsive actions and the absurdity of
obsessive thoughts, but cannot resist them.

OCD symptoms, however, are not limited to the inability to resist intrusive

thoughts or actions, but also include increased anxiety. In addition to impairments
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in inhibitory control and attention, patients with OCD may experience difficulty
regulating emotions (Fernandez De La Cruz et al., 2013; Stern & Taylor, 2014),
which in turn may cause impairment in executive functioning (Bannon et al., 2008;
Bohne et al., 2005). This can, in turn, lead to an inability to stop unnecessary
thoughts and actions. For example, compulsions can be viewed as a maladaptive
emotional regulation (ER) strategy that is used to alleviate psychological distress
(anxiety, fear, guilt, shame, etc.) caused by intrusive thoughts (Abbott et al., 2017,
See et al., 2022).

ER difficulties in OCD can cause an obsessive shift of attention to emotional
stimuli, especially negative ones. Moreover, patients with OCD exhibit deficits in
extinction of conditioning to aversive stimuli (Milad et al., 2013), which may
indicate that attentional bias to stimuli with negative emotional valence is a major
factor influencing impairment of inhibitory control. Existing studies indicate
significant differences in eye movements in patients with OCD depending on the
emotional valence of visual stimuli compared to healthy volunteers (Basel et al.,
2023; Bradley et al., 2016).

In addition to the above, a shift of attention to negative stimuli and “getting
stuck” on them in patients with OCD can lead to psycho-emotional exhaustion and
a decrease in the level of adaptation to the environment. Adaptation of the
functioning of the body to environmental changes is one of the main functions of the
autonomic nervous system (ANS). People with affective and anxiety disorders
exhibit dysfunctional regulation of the ANS. In patients with OCD, changes in ANS
responses have been studied in less detail. Published studies show conflicting results,
ranging from significant increases in heart rate (HR) to no differences between OCD
patients and healthy volunteers either at rest or in response to aversive stimuli (for
review, see Abbott et al., 2017). Psycho-emotional stress is often accompanied by
an increase in the sympathetic tone of the ANS (Safonova & Shalamova, 2013). The
temporal dynamics of the activity of the sympathetic and parasympathetic parts of
the ANS under long-term stress reflects the ability to successfully cope with

changing environmental conditions (Van Den Berg et al., 2015a).



Thus, studies of ANS reactions can play a decisive role in understanding the
adaptive features of the ANS under cognitive-emotional load, and the study of
oculomotor reactions using antisaccade task with stimuli of different emotional
valence will help to understand the influence of emotional load on executive

functions (inhibitory control and attention) in OCD.

1.2. Hypotheses, goals and objectives of the study
Hypotheses:

1. When performing the antisaccade task testing the integrity of inhibitory control,
parameters of eye movements in the form of the number of errors and latency were
increased in the OCD group compared to the control group;
2. Emotionally charged images of the negative spectrum have a more negative effect
on the success of the antisaccade task compared to the control group;
3. Under conditions of cognitive-emotional load associated with performing the
antisaccade task, the dynamics of ANS tone ((HR) and pupil area (PA)) in the OCD
group are more maladaptive compared to the control group.

Research goals:
1. Identify oculomotor patterns that reflect the characteristics of executive functions
in OCD (inhibitory control and attention), and the influence of emotional load on
them;
2. To study the features of the dynamics of HR and changes of PA, reflecting the
general adaptation of the ANS to the cognitive-emotional load in OCD.

Obijectives:
1. Determining the scenario of the antisaccade task using stimuli of different
emotional valence, providing a greater number of errors;
2. Analysis of oculomotor reactions, reflecting the functions of inhibitory control
and attention, and the influence of emotional load on them, in patients with OCD

and healthy volunteers using the antisaccade task;



3. Analysis of the dynamics of ANS tone based on changes in HR and PA during
the performance of the antisaccade task in patients with OCD and healthy
volunteers.

1.3. Theoretical and methodological justification
1.3.1. Theoretical background

The main neurobiological model of impaired inhibitory control in OCD
involves an aberrant cortico-striatal-thalamo-cortical circuit (CSTC) (Karpinski et
al., 2017; Norman et al., 2019; Saxena et al., 1998). The model of CSTC connectivity
disruptions in OCD is based on an imbalance between excitatory glutamatergic and
inhibitory GABA-ergic systems, as well as imbalances in serotonin and dopamine
release (Brooks & Stein, 2015; Saxena et al., 1998).

The aberrant model of CSTC explains oculomotor control deficits in OCD
(Jaafari et al., 2011; Kennard, 2011; Kloft et al., 2013). Oculomotor reactions
reflecting executive functions are studied using various methods, including using
antisaccade task (see review: Khayrullina et al., 2022). Impaired inhibitory control,
reflected by increased errors in antisaccade task, is associated with altered anterior
cingulate activity in OCD (Agam et al., 2010; Funch Uhre et al., 2022).

The first evidence for an OCD endophenotype came from a study by Lennertz
et al., which found that patients with OCD and their healthy first-degree relatives
exhibited increased error rates and increased response latencies on antisaccade task
compared with healthy controls (Lennertz et al., 2012). Subsequently, Bey et al.
confirmed this fact in a fairly large sample of 169 patients with OCD, revealing
increased antisaccade latency, greater individual variability in antisaccade latency,
and increased errors in antisaccade task in patients compared to the control
subclinical group. A significant intergroup difference was manifested in errors in
performing express saccades, while the OCD group did not significantly differ from
the control group in errors in regular saccades. Trials with erroneous antisaccades
were divided into express errors (latency from 90 to 140 ms) and regular errors

(latency more than 140 ms).



Healthy relatives of patients with OCD also showed increased error rates and
increased latency variability in antisaccade tasks. In first-degree relatives of patients
with OCD, a positive correlation was observed between trait anxiety and the
frequency of antisaccade errors, which may be explained by manifestations of a
common endophenotype (Bey et al., 2018). Thus, most results from oculographic
studies during antisaccade task indicate an impairment of inhibitory control in
patients with OCD, manifested by increased latency (Maruff et al., 1999; Van Der
Wee et al., 2006) and error rate (Agam et al., 2014; Narayanaswamy et al., 2021),
which may be due to an imbalance in the transmission of excitation and inhibition
in the CSTC circuit.

Studies of OCD involving the presentation of emotional stimuli have revealed
structural changes and changes in functional activity in limbic regions (including the
amygdala), parietal and occipital cortices, and the cerebellum (Hazari et al., 2019).
Moreover, in OCD, linguistic stimuli of negative valence have been shown to
influence inhibitory control and may cause impairment (Bannon et al., 2008; Bohne
et al., 2005; Zetsche et al., 2015).

Existing studies support the influence of emotional stimuli on oculomotor
responses in patients with OCD (Armstrong et al., 2010, 2012; Basel et al., 2023;
Bradley et al., 2016). In a study by Bannon et al. participants with OCD
demonstrated impairments in inhibitory control in response to negatively-valenced
words in a «Facilitation/Inhibition task». The OCD group demonstrated increased
levels of facilitation and lower levels of inhibition. However, this study did not use
positive stimuli to determine differences in responses across all valences (Bannon et
al., 2008). In any case, the impairment of inhibitory control in affective states can be
explained using the concept that the expression of negative emotions is associated
with rigidity in information processing, the basis of which lies in the person's
excessive anxiety and his reaction to perceived danger (Beck et al., 1985; Williams
et al., 1997). Patients with OCD have rigid “catastrophizing” beliefs about the
consequences of their thoughts, which lead to high levels of anxiety, distress, guilt
and shame (Rachman S. & Hodgson R., 1980). Impaired inhibitory control in people
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with OCD also manifests itself under conditions of negative motivation, and
specifically, patients with OCD demonstrated decreased response control under
conditions of punishment, which manifested in an impulsive response style that was
associated with their current severity of symptoms (Morein-Zamir et al., 2013).

Among other things, when studying oculomotor responses in patients with
OCD, Armstrong et al. found increased attention and difficulty shifting attention
when viewing images of fearful faces during free viewing and visual search tasks
(Armstrong et al., 2012). Moreover, volunteers with high levels of fear of
contamination paid more attention to faces with expressions of fear and disgust than
the group with low levels (Armstrong et al., 2010). Also, the severity of OCD
symptoms was positively correlated with the frequency and total duration of fixation
on OCD-relevant stimuli (e.g., images of dirt), possibly reflecting a shift in
attentional focus to negative images and/or stimuli associated with a specific type of
OCD (Bradley et al., 2016).

Based on an analysis of gaze fixation parameters, Bradley et al. proposed the
«vigilance» and «maintenance/delayed disengagement» model as a likely cause of
attentional bias (Bradley et al., 2016). The «vigilance» hypothesis suggests that
OCD patients attend to OCD-related stimuli more quickly than controls, and the
«maintenance/delayed disengagement» hypothesis suggests that OCD patients tend
to fixate on negative stimuli for longer periods of time and cannot switch to other
stimuli. OCD symptom severity was indicated by greater frequency and overall
duration of gaze fixations on OCD-relevant stimuli, possibly reflecting an attentional
bias (Bradley et al., 2016). Longer fixation on negative stimuli (Toffolo et al., 2016)
may also support the «maintenance/delayed disengagement» hypothesis. Basel et al.,
2023 suggest that findings supporting the «vigilance» and «maintenance/delayed
disengagement» hypotheses in OCD are task dependent (Basel et al., 2023).
Previous studies have used different experimental designs, which may lead to mixed
interpretations.

Increased anxiety, characteristic of patients with OCD, can lead to

maladaptation in changing environmental conditions. The body's adaptation to
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environmental changes depends on the functioning of the ANS. Very important in
this case is the balanced interaction of the sympathetic and parasympathetic tone of
the ANS. Evidence suggests that individuals with decreased parasympathetic control
during periods of stress coupled with increased vagal control during rest demonstrate
more adaptive social and emotional functioning (Gramzow et al., 2008). The
temporal dynamics of the activity of the sympathetic and parasympathetic parts of
the ANS under long-term stress reflects the ability to successfully cope with
environmental conditions (Van Den Berg et al., 2015b). Longer periods of
predominant parasympathetic tone correlate with more adaptive ER strategies and
reduced risk of cardiovascular disease (Buccelletti et al., 2009; Porges, 2007; Thayer
et al., 2012). Psycho-emotional exhaustion can cause corresponding tension, often
accompanied by an increase in sympathetic tone (Safonova & Shalamova, 2013).
The pathogenesis of many mental illnesses is associated with weakening of
adaptation mechanisms and dysregulation of the ANS. In particular, ANS
dysfunction may be observed in schizophrenia, characterized by increased
sympathetic and decreased parasympathetic activity, resulting in increased HR,
altered pupillary response, and increased salivation or sweating (Stogios et al.,
2021). Some researchers suggest that schizophrenia may result from a combination
of two factors: ANS dysfunction and an environmental immune trigger (Carnac,
2022). In addition, it has been shown that emotional stress in individuals with
affective and anxiety disorders is accompanied by dysregulation of the ANS with a
predominance of sympathetic tone. Individuals with increased social anxiety had
poorer HR regulation and lower heart rate variability. Weak modulation of vagal
tone was associated with greater social anxiety, and lower vagal tone was associated
with greater defensive mechanisms and less sensitivity to behavioral activation
(Abbott et al., 2017). Previous studies have shown that patients with post-traumatic
stress disorder (PTSD) exhibit higher HR reactivity in response to unpleasant
affective stimuli. Higher resting HR and higher HR activity when mentioning trauma
in people with PTSD have been explained as excessive ANS activation.

Pupillometric studies have shown that, compared with healthy volunteers, PA in
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patients with depression was significantly greater in both darkness and at the point
of minimum pupil constriction (Wang & Munoz, 2014). Moreover, in major
depressive disorder and seasonal affective disorder, atypical pupil dilation may be
an indicator of deterioration in the patient's condition (Roecklein et al., 2013).

Research on ANS responses in OCD is limited. Published studies show
conflicting results, ranging from a significant increase in HR in OCD to no
difference between the OCD group and healthy controls at rest and during emotional
load (Abbott et al., 2017). Olbrich et al. provide evidence of increased sympathetic
tone in patients with OCD (Olbrich et al. 2022), and Herzog & Brakoulias describe
an association between decreased heart rate variability and OCD symptom severity
(Herzog & Brakoulias 2022). Thus, further research into HR regulation may play a
critical role in understanding the characteristics of emotion dysregulation in
individuals with OCD.

Studies of pupillary response in OCD also have heterogeneous results under
different experimental conditions (Gursel et al., 2018; Leuchs et al., 2019). Pupillary
response was studied during fear conditioning and extinction tasks. In particular,
patients with OCD showed greater PA during psycho-emotional load (Pohlchen et
al., 2021). However, there is practically no data on changes in mental health in
patients with OCD when viewing emotional images of different valence under

conditions of cognitive load.

1.3.2. Research methodology

The antisaccade task is a reliable and sensitive tool in psychopathology,
particularly in OCD, since the degree of success in the antisaccade task depends on
the complete functioning of fronto-subcortical brain regions (Hutton & Ettinger,
2006; Narayanaswamy et al., 2021). In the antisaccade task, participants must
consciously suppress a reflexive eye movement (prosaccade) to focus gaze on a
visual peripheral stimulus and instead perform a goal-directed eye movement to the
opposite point in the visual field (antisaccade). An error in this task is considered to

be a failure to suppress a reflexive prosaccade to a stimulus. Performance of the
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antisaccade task recruits fronto-parietal regions, primarily the frontal eye field
(FEF), supplementary eye field (SEF), dorsolateral prefrontal cortex (DLPFC),
anterior cingulate cortex, posterior parietal cortex, thalamus, and striatum (Hutton
& Ettinger, 2006).

Since the antisaccade task has been shown to be effective in assessing
executive functions in OCD (Bey et al., 2016), this, in turn, influenced our choice of
research methodology using a modification of the antisaccade task in which images
of different emotional valence served as fixation stimuli.

There are various scenarios for antisaccade tasks, but the main ones are the
«step», «gap» and «overlap» scenarios, which differ in the chronology of
presentation of fixation and target stimuli. These scenarios differ in the time intervals
between the end of the presentation of the central fixation image and the appearance
of the target stimulus. In the «step» scenario, the target stimulus is presented
immediately after the end of the fixation stimulus on one side of the screen. The
«gap» scenario is characterized by the disappearance of the fixation stimulus and its
absence on the screen for 200 ms, after which the target stimulus is presented on one
side of the screen. In the «overlap» scenario, the fixation stimulus lasts for 200 ms.
lingers on the screen along with the target one, and after the fixation stimulus
disappears, the participant needs to make antisaccade. Taylor & Hutton indicated
that the performance of antisaccade task depends on the nature of the instruction,
and also demonstrated that the number of antisaccade errors and latencies can vary
significantly depending on the modification of the antisaccade task (Taylor &
Hutton, 2009). Each antisaccade task design showed different oculomotor response
patterns in a sample of volunteers with attention deficit hyperactivity disorder
(ADHD) (Goto et al., 2010; Munoz et al., 2003; Siqueiros Sanchez et al., 2020).
Before experimental studies involving the OCD group, our goal was to test different
scenarios of the antisaccade task («step», «overlap», «gap») on highly anxious
young volunteers with different levels of impulsivity, without established mental
pathologies. The selection of this category of participants was based on the fact that

high levels of impulsivity and anxiety are key premorbid features of mental disorders

12



such as ADHD, substance abuse, OCD and other mental disorders (Nigg, 2013;
Summerfeldt et al., 2004).

1.4. Scientific novelty
1.4.1. Theoretical novelty

Most results from studies of eye movements during antisaccade task point to
impaired inhibitory control in patients with OCD. At the same time, images of
neutral valence, such as geometric shapes, were usually used as stimuli (Bey et al.,
2018; Narayanaswamy et al., 2021), and therefore it was impossible to determine
the influence of cognitive-emotional load on executive functions that control goal-
directed eye movements.

A feature of OCD is increased anxiety, and the manifestation of compulsions
IS a maladaptive strategy for ER. Therefore, the use of emotional stimuli in the
antisaccade task is important for understanding the influence of emotionally charged
environmental changes on executive functions. In this regard, in Study 1, in the
antisaccade task, in addition to neutral stimuli, we also used emotional stimuli
(positive, negative). Also, taking into account the fact that the antisaccade task has
different types of scenarios («step», «overlap», «gap»), we studied their influence
with stimuli of different emotional valence on oculomotor reactions to determine the
optimal strategy for solving the antisaccade task. The study was conducted on
healthy young volunteers with high levels of anxiety and different levels of
impulsivity.

Having determined the optimal scenario for antisaccade task with stimuli of
different emotional valence (neutral, positive, negative) in the form of an «overlap»
scenario, in the 2-nd study we applied it to the OCD group and the control group,
examining their oculomotor reactions, which reflect both executive functions and
the influence of emotional load on them.

Among other things, given that adaptation to changing environmental
conditions depends on the full functioning of the ANS, we also examined the
influence of cognitive-emotional load on it through the prism of studying the
dynamics of HR and PA in study 3.

13



1.4.2. Methodological novelty

We first applied the antisaccade task with different temporal scenarios
(«step», «overlap» and «gap») using images of different emotional valence as
fixation stimuli.

Also, the antisaccade task «overlap» scenario with stimuli of different
emotional valence was used for the first time for a comprehensive study of the
psychophysiological characteristics of executive functions and the influence of
emotional stimuli on them through the prism of oculomotor and autonomic
reactions.

1.5. Theoretical and practical significance

The theoretical significance of the obtained research results is determined by
the fact that they are important for a comprehensive understanding of the
psychophysiological characteristics of executive functions in OCD and their
connection with ER. We have shown that patients with OCD do not have impaired
inhibitory control in general, and its deterioration occurs when stimulated by
negatively colored stimuli, which is apparently accompanied by a shift of attention
to them. Maladaptation to environmental changes in patients with OCD is
manifested by increased sympathetic tone and more rigid dynamics of the ANS in
the form of reduced adaptation of the ANS to cognitive-emotional load. Thus, the
theoretical significance of our work lies in the fact that the results of our studies
show a deterioration in executive functions due to emotional dysregulation and
general maladaptation of the psyche to environmental changes.

The practical significance of the study is that the antisaccade task can be used
for the early diagnosis of OCD, and also be an intermediate diagnostic tool for
studying executive functions after treatment with selective serotonin reuptake
inhibitors (SSRIs) and cognitive-behavioral therapy. Also, using the antisaccade task
using stimuli of different emotional valence, in the future it is possible to
comprehensively study executive functions and their relationship with emotional
perception in patients with ADHD, who are characterized by impaired inhibitory

control, as well as borderline personality disorder (BPD), characterized by emotional
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dysregulation, which in the future, it may help to distinguish the
psychophysiological characteristics of executive functions in these disorders (OCD,

ADHD and BPD) based on data from oculomotor and autonomic reactions.

1.6. Provisions for the defense

1. The scenario of the antisaccade task with overlapping time of display of
target and fixation stimuli of different emotional valence (neutral, positive, negative)
can be used for an objective study of the influence of impulsivity on executive
functions under cognitive-emotional load;

2. Decreased inhibitory control of goal-directed eye movements during the
perception of emotionally negative images reflects the influence of emotional
dysregulation on executive functions in OCD;

3. Cognitive-emotional load causes a greater increase in the sympathetic tone
of the ANS in patients with OCD than in volunteers from the subclinical group;

4. In OCD, the level of adaptation of the ANS to cognitive-emotional load is
reduced, accompanied by a decrease in inhibitory control in response to negative
stimuli.

1.7. Author Contribution

Study 1: Study concept and design, data collection, data analysis and
interpretation, data visualization, article writing.

Study 2: Study concept and design, data collection, data analysis and
interpretation, data visualization, article writing.

Study 3: Study concept and design, data collection, data interpretation, article

writing.
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2. DESCRIPTION OF THE STUDIES

In this chapter we describe the main points of the research methodology,
design, results and main conclusions. In the first part, we described a methodological
study aimed at determining the optimal design of antisaccade task using stimuli of
different valence. In the second part, we described an experimental study of
oculomotor reactions reflecting the psychophysiology of executive functions and
their relationship with emotional perception, using the antisaccade task «overlap»
design (as the most optimal) with stimuli of different valence relative to the OCD
group and the control group. In Part 3, we described an experimental study of
autonomic reactions and their dynamics under cognitive-emotional load in terms of

HR and PA parameters in the OCD group and the control group.

2.1. Study I. Features of oculomotor reactions in highly anxious volunteers with

different level of impulsivity in solving different types of the antisaccade task

To determine the optimal time scenario for the antisaccade task, we conducted
a methodological study on clinically healthy but highly anxious volunteers with
different levels of impulsivity using different scenarios for the antisaccade task
(«step», «overlap», «gap»). The selection of this category of participants was based
on the fact that high levels of impulsivity and anxiety are key premorbid features of
mental disorders such as OCD, ADHD, substance abuse and other personality
disorders (Nigg, 2013; Summerfeldt et al., 2004).

Our goal in this study was to apply the main types of experimental scenarios
of the antisaccade task («step», «overlap», «gap») using fixation stimuli of different
emotional valence and compare the results depending on the specifics of the

antisaccade task.

Participants
Thirty-four highly anxious volunteers (26 women, 8 men), including 20 low-
impulsivity volunteers (59.7 £ 7.4) and 14 higher-impulsivity volunteers (74.9

4.5), were recruited to participate in a psychological study. The level of anxiety was

16



determined based on participants’ completion of the Russian version of the State
Trait Anxiety Inventory (STAI), the level of impulsivity was determined based on
the Barratt scale (BIS-11). The level of anxiety did not differ between the groups: in
low-impulsive volunteers - 51.3 £ 4.8, in high-impulsive volunteers - 50.9 + 10.1.
The average age of the volunteers was 20.2 £ 0.6 years. All participants were right-
handed, and the dominant eye was determined using the Dolman method (Cheng et
al., 2004). Exclusion criteria included the following grounds: (a) history of substance

abuse; (b) mental or neurological disorders; (c) uncorrected vision.

Study procedure and stimuli

The paradigm consisted of three blocks of antisaccade tasks with different
time intervals between the end of the presentation of the central fixation image and
the appearance of the target stimulus: block 1 — «step»; block 2 — «overlap»; block
3 — «gap». Each participant completed a total of 300 antisaccade tasks. Each block
consisted of 100 trials, in which 60 fixation stimuli were images of neutral emotional
valence, 20 trials of positive valence, and 20 trials of negative valence. To prevent
the habituation effect and consolidate the surprise effect, there were more neutral
stimuli. Positive and negative images were taken from the International Affective
Picture System (IAPS) (Lang et al., 2008) and varied in mean valence and mean
arousal ratings. The average valence of positive stimuli was 7.4 £ 0.4, the average
arousal was 4.9 £ 0.7. The average valence of negative stimuli is 2.2 + 0.5, the
average arousal is 6.1 =+ 0.7. All blocks had a different set of negative and positive
images. Positive images included images of a «family», «smiling children»,
«landscapes», «animals» and «dishes». Negative images included «mutilation,
scenes of «assault» and «violence», «disaster» and «pollution» (Lang et al., 2008;
Mikels et al., 2005). Of the 120 emotionally charged images (positive, negative) we
used, 9 images had minor differences relative to the Russian sample. 5 positive
images («family», «mountains», «child», «seals», «cupcake») rated by the Russian
sample had greater arousal than the American sample (+1.64); no cross-cultural

differences were found in valence. 1 negative image («hospital») in the Russian
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sample had a more significant negative valence (+0.7) and greater arousal (+0.6).
Images in the form of mutilation had a greater negative valence (+0.2), «eye disease»
and «burial» had a greater arousal (+1.1) in the Russian sample (Vasanov et al.,
2011). In general, in a study conducted on a Russian sample, when presented with
images similar to those from the IAPS, almost identical results were obtained in both
valence and arousal to the IAPS results (Vasanov et al., 2013). The neutral stimulus
was a circle, which did not change in all presentation blocks. After the participant
completed each trial of the antisaccade task, a black screen appeared for a duration
of 1000 ms (break between trials) in all blocks of the antisaccade task (Fig. 1).

Each task began with the presentation of a central fixation stimulus, which
remained on the screen for 700-1500 ms. There were 2 small squares on either side
of the central fixation stimulus. When performing 1 block («step» scenario), after
the disappearance of the fixation stimulus, the target stimulus appeared in two
possible horizontal locations, £6° of visual angle from the center. The target stimulus
was the same image as the central fixation stimulus, lasting 1000 ms. The task in the
«step» scenario was to look in the mirror direction of the image.

In the scenario of the antisaccade task of the «overlap» type (with the time of
presentation of fixation and target stimuli overlapping), the target stimulus was one
of two small squares standing on either side of the central fixation stimulus. After
an interval of 700-1500 ms, as in the «step» design, only the fixation stimulus with
one square on one side remained on the screen, and the second square disappeared.
After 200 ms, the central fixation stimulus disappeared, and the square remained on
one side of the screen. The target stimulus (square) was on the screen for 800 ms in
two possible locations, +6° of visual angle from the center. The challenge in the
«overlap» design was to look in a mirror direction from the remaining square on the
screen.

In the «gap» scenario, the central fixation stimulus, as in other variations of
the antisaccade task, remained on the screen for 700 - 1500 ms. After it expired
within 200 ms, only 2 squares remained on the right and left sides of the center. After

a pause of 200 ms, the target stimulus appeared on one side. The target stimulus was
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the same image as the central fixation stimulus and lasted 800 ms. The target
stimulus appeared either left or right of center at £6° of visual angle from center.

The task in the «gap» design was to look in the mirror direction of the target stimulus

(c)
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on the screen.

(a)

1000 ms

(b)
1000 ms
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: “
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Figure 1. The study paradigm with stimuli: (a) «step» design, (b) «overlap» design, (C) «gap»
design. The flower picture is a substitute of image taken from IAPS.
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Data analysis

Data preprocessing was carried out using Data Viewer software (SR Research,
Canada). Trials with artifacts (blinking, etc.) were excluded from the analysis.
Further analysis was carried out in RStudio (https://www.rstudio.com/). The data
were divided into trials with correct antisaccades and trials with incorrect
antisaccades. Trials with erroneous antisaccades were divided into express errors
(latency from 90 to 140 ms) and regular errors (latency more than 140 ms).

For each stimulus valence within three types of the antisaccade task scenarios,
the following parameters were measured for all participants in both groups:
frequency of regular antisaccade errors, frequency of express antisaccade errors,
average latency time of correct antisaccades, average latency time for express and
regular antisaccade errors, average amplitude correct antisaccades, average
amplitude for express and regular antisaccade errors, average velocity for correct

antisaccades, average velocity for express and regular antisaccade errors.
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Statistical analysis

Statistical analysis of oculomotor reaction indicators was carried out in both
groups for each parameter for each emotional valence within three types of design
antisaccade task (R-Studio). With a normal distribution, the studied parameters were
compared using analysis of variance (ANOVA). The ANOVA used 2 levels of
comparison between groups (participants with LI & HA and HI & HA), 3 levels of
blocks («step», «overlap», «gap») and 3 levels of stimulus valence (neutral, positive
and negative). If the ANOVA showed a significant effect, a pairwise comparison
(Tukey's HSD test) was used as a post hoc comparison. In case of non-normal
distribution, the Kruskal-Wallis test was used as a nonparametric equivalent of

analysis of variance and Dunn's test as a post hoc test, respectively.

Results

In the «step» block, the studied eye movement patterns did not differ either in
the valence of the stimuli or between the groups. In the «overlap» block, only the
regular error mean latency differed significantly between groups on trials with
neutral stimuli [H(1, 34) = 5.33, p < 0.05]. The regular error mean latency was
significantly higher in individuals with high impulsivity compared to participants
with low impulsivity (p = 0.0105 by Dunn's test) (Fig. 2 (a)). This result is partly
consistent with studies showing that participants with ADHD and OCD with high
levels of impulsivity performed the antisaccade task with increased antisaccade
latency compared to controls (Goto et al., 2010; Hakvoort Schwerdtfeger et al.,
2013; Hu et al., 2013 al., 2020; Sekaninova et al., 2019). The increase in antisaccade
latency reflects the additional processing time required to suppress the reflexive
saccade toward the peripheral stimulus and modify the saccade program to produce
antisaccade (Maruff et al., 1999). An imbalance between voluntary and automated
saccadic impulses results in regular latency direction errors (Coe & Munoz, 2017).
Since participants in both groups showed increased trait anxiety, it can be assumed
that the observed differences in the latency of regular errors reflect precisely the

combination of increased anxiety and increased impulsivity. In the antisaccade task,
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the thoughtless desire to solve the problem as quickly as possible, characteristic of
impulsive behavior (Levine et al., 2007), is expressed in reducing attention to the
fixation stimulus and immediately following it with the gaze in the direction of the
target stimulus or in the opposite direction from it. Therefore, highly impulsive
people find it easier to shift attention in rapidly changing conditions, for example, in
«step» and «gap» blocks. The «overlap» design allows participants to know the
target stimuli in advance, but the response must be given later. Waiting for the right
moment to respond slows down the shift of attention, increasing the time it takes to
make a decision, especially in the absence of an emotional context. The low semantic
content of neutral stimuli can lead to a decrease in concentration of attention, which
Is associated with long latency of regular errors in highly impulsive participants.

In the «gap» block, the regular error mean amplitude saccades differed
significantly between groups [H(1, 31]) = 3.63, p < 0.05] in response to neutral
stimuli. The regular error mean amplitude was significantly greater in the low-
impulsivity group compared to the high-impulsivity group (p = 0.033 by Dunn's test
(Figure 2(b)). The decrease in the regular error mean amplitude in the «gap» design
may also reflect high-impulsivity behavior. In the «gap» task, when events on the
screen changed (appearance and disappearance of the target stimulus), highly
impulsive participants, even after making an error, could quickly turn on and redirect
the saccade in the desired direction, which may indicate a high level of impulsivity.
Impulsivity does not always have a negative impact on performance. tasks. Decision
making with impulsivity may not only be ineffective, as indicated in most studies,
but also highly effective in both the speed and quality of problem solving. In future
studies, we would propose to classify impulsive people based on primary
neuropsychological tests.

Comparison of blocks in both groups showed that eye movements in the
«overlap» block differed from the «step» and «gap» blocks. The amplitude, velocity
and latency of correct antisaccades in the «overlap» block were significantly lower

than in other types of temporal task scenarios (p < 0.001 by Dunn’s test). In contrast,
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express and regular error rates, the express error mean amplitude, the regular error
mean amplitude, latency and velocity were higher than in the other blocks (p <
0.001). Moreover, values of express error mean latency (0.001 < p < 0.01) and
express error mean velocity (0.001 < p < 0.05) were the largest for «overlap» block

and the lowest for «step» block.

Overlap: neutral Gap: neutral
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Figure 2. Between-group comparison of saccade parameters in the trials with neutral stimuli: (a)
mean latency for regular error saccades in the «overlap» design, (b) mean amplitude for regular
error saccades in the «gap» design. HI&HA — high impulsivity and high anxiety group, LI&HA —
low impulsivity and high anxiety group.

Conclusions
The findings indicate variability in antisaccade errors in both groups without
any intergroup and intragroup dependence on the design or emotional valence of the
stimuli. The percentage of express errors was within the population range (< 25%)
in all blocks for all groups (Maruff et al., 1999). The percentage of regular errors
was also within the population range in the «step» and «gap» blocks for both groups,
whereas the percentage of antisaccade errors in the «overlap» block was above
population values in both groups. In studies (Blekic et al., 2021; Liang, 2018),
participants with high anxiety performed antisaccade tasks and demonstrated correct
antisaccades with longer latencies compared to controls, while the number of
directional errors depended on the design of the paradigm. Our study partially
replicates these results, as we showed that the error rate exceeds 25% only in the
“overlap” block. Based on the results of this study, we chose the «overlap» scenario
of the antisaccade task for further study of executive functions (inhibitory control
and attention) and the influence of cognitive-emotional load on them in patients with
OCD.
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2.2. Study I1. Increased error rate and delayed response to negative emotional

stimuli in antisaccade task in OCD

Having tested and determined the optimal design of the antisaccade task in the
form of an “overlap” design (Part 1), we conducted an experimental study of the
influence of stimuli of different valence on executive functions when performing the
antisaccade task in the OCD group and the control group. Based on the presence of
high anxiety in patients with OCD, we hypothesized that emotional stimuli may

worsen the quality of performance of the antisaccade task in the group with OCD.

Participants

Thirty-two patients with OCD (24.5 £ 6.17 years, 21 women) and thirty
control volunteers (22.5 + 5.15 years, 17 women) took part in the study. A structured
interview was conducted with all participants by a clinical psychologist. To
determine the severity of OCD, volunteers also completed the Y-BOCS test. 23
patients in the OCD group received drug therapy, and the remaining 9 participants
did not have drug therapy. To check the possible influence of medication on the
studied parameters, we conducted a regression analysis of each of the studied
parameters of oculomotor reactions, taking into account the therapy. In the
regression analysis, the state of the pharmacotherapy used was considered as a
covariate factor (1 — yes, 0 — no). Additionally, the type of drugs used was analyzed
(0 - none, 1 - antidepressants (14 patients), 2 mood stabilizers (9 patients)). No effect
of medication was found.

In addition, previous studies of oculomotor responses to medications
(benzodiazepines, first- and second-generation antipsychotics, antidepressants) have
found no effect of these medications other than a decrease in peak saccade velocity
(Crawford et al., 1995; Green & King, 1998; Lynch et al., 1997; Reilly et al., 2008).

At the time of participation in the study, all patients were in a stable phase of
the disorder. Drug abusers and those with neurological and mental disorders other
than OCD (bipolar disorder, autism spectrum disorder, schizophrenia) were

excluded from the group.
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Study procedure and stimuli

The antisaccade «overlap» design paradigm consisted of 3 blocks of
antisaccade tasks. In total, each participant completed 300 antisaccade tasks across
all three blocks. Each block contained 100 trials, of which 60 trials contained images
with neutral valence, 20 trials - positive and 20 trials - negative valence as fixation
stimuli. To prevent the habituation effect and consolidate the surprise effect, there
were more neutral stimuli. Positive and negative images were taken from the
International Affective Image System (Lang et al., 2008) and differed in mean
valence and mean arousal. All blocks had a different set of negative and positive
images. The neutral stimulus was a circle, which did not change in all presentation
blocks. The stimuli for each trial appeared on a screen with a black background.
Fixation stimuli were images (neutral, positive, negative) in the form of squares
250*300 mm, and target stimuli were small squares 14*14 mm, located on both sides
of the fixation point. The target stimuli were located on the left and right sides of the
center of the fixation image (Fig. 3). A detailed description of the antisaccade task

«overlap» design is described in Study 1.

BLACK SCREEN

- 1000ms

TARGET

OVERLAP

- B

FIXATION STIMULUS

Figure 3. The «overlap» design of antisaccade task paradigm with a substitute of the stimulus.

200ms

700-1500ms

Data analysis
Data preprocessing was conducted using Data Viewer (SR Research). Trials
with artifacts (blinks, etc.) and trials with a latency of less than 80 ms were excluded
from the analysis. Further analysis was performed in R Studio
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(https://www.rstudio.com/). For all participants in both groups, the following
parameters were measured for each stimulus valence: error rate; average latency of
correct antisaccades; average velocity of correct antisaccades.

Statistical analysis

Statistical analysis of the parameters of oculomotor reactions was carried out
in both groups for each stimulus valence. The mixed model ANOVA used 2 levels
of between-group comparisons (participants with OCD and controls) and 3 levels of
within-group comparisons of valences (neutral, positive, negative). If the analysis of
variance showed a significant effect, the Bonferroni post hoc method was used.

Results

The groups (control and OCD) did not differ significantly in age distribution
(225 £ 5.2 vs. 24.5 + 6.2 years; p > 0.05). Gender distribution was also similar
between groups (X-square = 0.52019, p = 0.4708). The level of obsessive-
compulsive symptoms (Y-BOCS - 20.9 + 8.27 vs. 1.2 £ 2.06, p > 0.05) differed
significantly between the OCD and control groups. The error rate (Fig. 4) when
performing antisaccades differed significantly between groups [F(1, 60) = 4.64, p <
0.01]. Post hoc analysis showed that patients with OCD had a higher error rate on
trials with negative valence images than controls [F(1, 60) = 7.17, p < 0.01].
Statistical differences were also found in valence in both groups [F(2, 120) = 12.78,
p < 0.01). Statistical differences were found in the valence factor: both groups made
more errors in tests with images of negative valence than neutral [t(61) = 4.34, p <
0.01] and positive [t(61) = 3.05, p < 0.01]. Moreover, the OCD group (an interaction
term between group and valence within OCD group) showed statistical differences
between valence conditions as it made more errors on negative-valence trials than
on neutral-valence trials [t(31) = 4.58, p < 0.01] and positive [t(31) = 3.44, p < 0.01].
Within the control group, no statistical differences were found between valences in
relation to error rates.
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Figure 4. The error rate differences between groups (*HC - healthy control, OCD - obsessive-

compulsive disorder)

The latency of correct antisaccades (Fig. 5) varied significantly as a function
of valence in the OCD group [F(2, 120) = 3.92, p < 0.01]. Post hoc analyzes showed
that latency was higher for negative valence than for positive valence [t(31) = 4.3, p
< 0.01], and for neutral valence than positive valence [t(31) = 2.91, p < 0.01]. No
statistical differences between valences were found within the control group.
Statistical differences in both groups were found in the valence factor [F(2, 120) =
5.22, p <0.01]. In both groups, latency was higher with negative valence than with
positive valence [t(61) = 3.12, p < 0.01], longer with neutral than with positive
valence [t(61) = 2.6, p < 0.05].
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Figure 5. The correct antisaccade latency differences in OCD group.

The average velocity of correct antisaccades (Fig. 6) showed differences
between valences in both groups [F(2, 120) = 12.46, p < 0.01]. The average velocity
of correct antisaccades was higher for negative valence than for neutral [t(61) = 4.43,
p < 0.01], and for neutral than with positive valence [t(61) = 3.92, p < 0.01] in both

groups. However, the groups did not differ from each other.
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Figure 6. The correct antisaccade mean velocity differences between valences.

Conclusions
The modified antisaccade «overlap» design task we developed with images of

different emotional valence (neutral, positive, negative) allows us to study executive
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functions (inhibitory control and attention) and the influence of cognitive-emotional
load on them. The OCD group made more antisaccade errors in trials when fixation
stimuli had a negative emotional valence, which supports the hypothesis that
negative stimuli influence inhibitory control in the development of OCD. The
latency of a correct antisaccade in the OCD group to negative and neutral stimuli
was significantly higher than to positive ones. This may indicate that negative
stimuli for participants with OCD were significant, and therefore the latency of
correct antisaccades naturally increased, since additional time was required to
process them. It can be assumed that the increase in latency to neutral stimuli is due
to the fact that neutral stimuli were monotonous and of the same type, and their
number was generally greater. At the same time, it is impossible to draw a conclusion
about an impairment of general inhibitory control in OCD based on our data, since
there were no statistical differences in error rate within the control group in relation
to neutral images. Both groups showed increased average velocity of antisaccades
in response to negative and positive stimuli compared to neutral ones, confirming
research findings that responses to emotionally charged stimuli occur faster and have
a higher priority, which in general appears to be evolutionary-adaptive value
(Pilarczyk & Kuniecki, 2014).

2.3. Study I11. Dynamics of the autonomic nervous system during

cognitive-emotional load in obsessive-compulsive disorder

In parallel with experimental study 2 on the influence of stimuli of different
emotional valence on executive functions (inhibitory control and attention) when
performing the antisaccade task «overlap» design in the OCD group and the control
group, we examined the ANS reaction in the form of HR and PA, as well as the
dynamics of ANS reactions during the antisaccade task. We tested the hypothesis
that, under the influence of cognitive-emotional load, the OCD group would

demonstrate more rigid ANS responses compared to the control group.
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Participants

The analysis used data from a sample of participants whose demographics
were described in Study 2. Data of ANS for one participant in the OCD group were
not recorded for technical reasons, so subsequent analyzes were conducted on data
from 31 participants in this group. Just like in the second study, a regression analysis
was carried out for each of the studied parameters of HR and PA, taking into account
the ongoing drug therapy. No influence of the drug intake factor on the studied ANS

reactions was found.

Study procedure

The antisaccade task with an «overlap» design was described in Studies 1 and
2. As participants performed the antisaccade task, we recorded changes in PA in
fixation period using an Eyelink Portable Duo eye-tracker. For HR monitoring, we
used the auxiliary channels of the BrainVision actiCHamp Plus amplifier, the sensor

was attached to the index finger of the right hand.

Data analysis

The trial report in EyeLink Data Viewer (Version 4.1.1) provided the pupil
size mean parameter, which represents the average pupil size in arbitrary units for
the trial. Data were exported for the fixation on stimuli period. Further preprocessing
of the PA was carried out via Rstudio (version 2023.03.0+386). All data were
analyzed at the onset of fixation stimuli in the order of their presentation in each
block. HR recordings were preprocessed using MATLAB R20202b (Version
9.9.0.1467703). HR parameters were calculated for each RR distance (interval
between two heartbeats) throughout the entire time period for each block.

To assess the dynamics of HR, we divided the entire duration of each
experimental block into 50 units lasting at least 10 seconds. This division was based
on previous studies that found that a 10-second ECG recording was sufficient to

accurately estimate HR (Shuai, 2016). Next, all values were normalized using the Z-

29



transform (for each participant individually and the entire recorded fragment) (Fig.

7). Normalized data were used for further analysis of the dynamics of HR and PA.

50 HR time units
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Figure 7. Scheme of the experimental design: temporal analysis of the heart rate (HR) — 50 units,
and temporal analysis of the pupil area (PA) data — 20 units for negative, positive, and neutral
stimuli.

We determined the latencies and amplitudes of the individual minimum and
maximum points of the HR changes for each participant, as each block began with
an elevated HR level that gradually decreased within the first two minutes, reaching
its minimum point approximately one minute after the beginning, and then increased
until the maximum point at about seven or eight minutes from the beginning.

Each PA value was analyzed according to the period of presentation of
fixation stimuli for each experimental block (the first 700 ms). Neutral stimulus
values were averaged across three consecutive stimuli. All values were calculated
using the average of the entire recorded units for each participant. Trials with
artifacts (blinking, etc.) were excluded from the analysis. Subsequently, the PA data

was used to analyze the dynamics of the PA.

Statistical analysis

To compare the temporal dynamics between groups, taking into account all
calculated units (50 units for HR, 20 * 3 for PA), a mixed model ANOVA was used,
followed by post hoc comparisons of the LSD test (for 50 units of HR) and the
Bonferroni test (for PA), as well as under the following conditions: initial units for
HR and PA (four first 10-second intervals); latency of minimum for HR; latency of
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maximum for HR; 8 units from 9 to 16, when differences between groups were most

pronounced.

Results

Group differences in HR and PA (based on not-normalized values)

We compared the not-normalized means of HR and PA between the OCD
group and the control group and found that the OCD group showed greater PA [F(1,
60) = 8.586, p = 0.0048] and higher HR [F(1, 60)= 7.469, p = 0.0083] compared to
the control group, regardless of the experimental block and type of stimuli. In both
groups, not-normalized HR values did not differ significantly between experimental
blocks, but PA showed a significant decrease from the 1-st to the 2-nd and 3-rd
blocks: [F(2, 120) = 11.361, p < 0.0001; post hoc comparison between the 1-st and
2-nd blocks p = 0.0083 and between the 1st and 3-rd blocks p < 0.0001]. In addition,
PA was significantly lower for neutral stimuli compared to positive and negative
stimuli: [F(2, 120) = 370.26, p < 0.0001; post hoc comparison p < 0.0001]. There

were no interaction effects between group, block, and stimulus valence factors.

Dynamics of HR (based on normalized values)

HR dynamics in both groups

In each experimental block, a distinct dynamics of HR was observed, which,
although it was more stable in the control group, was also recorded in the OCD
group. This pattern had significant differences from the first to the third experimental
block of the antisaccade task.

Each block began with an elevated HR, which gradually decreased and
reached a minimum point approximately 1 minute after the start of the block.

ANOVA showed significant dynamic changes in HR over 50 10-second
intervals: [F(49, 2940) = 8.022, p < 0.0001]. ANOVA also confirmed significant
dynamic changes in HR for three parameters: initial units (average HR in the first 4
units), the latency of the minimum and latency of the maximum. In particular, the

latency of the minimum of HR differed significantly between the first and third
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experimental blocks, with the latency in the first block being significantly longer
than in the third in both groups [F(2, 120) = 14.144, p < 0.0001]. After the minimum,
HR increased until it reached a maximum at the end of the block. The latency of the
maximum in healthy participants typically occurred between 7 and 8 minutes, and
was significantly higher in healthy participants in the third block compared to the
first [F(2, 120) = 10.753, p < 0.0001]. This effect was not observed in the OCD

group.

Intergroup differences in HR dynamics

In the initial units of the first block (the first four units), the normalized HR in
the control group was significantly higher compared to the group with OCD: [F(1,
60) = 6.372, p = 0.014; post hoc comparison p < 0.05]. The latency of the minimum
HR in the control group was significantly shorter compared to the OCD group in the
last block: [F(1, 60) = 4.983, p = 0.0365; post hoc comparison p < 0.05). ANOVA
with levels within 50 units revealed group differences (post hoc comparison p <
0.05), which are indicated in yellow (Fig. 8a).

In the control group, we observed a significantly longer latency for the
appearance of the minimum HR in the first experimental block. Conversely, in the
third block, the latency of minimum was noticeably shorter in the control group (Fig.
8b). There were no significant differences in latency between groups in the second
block. Regarding intragroup differences between blocks, healthy volunteers showed
a significant decrease in HR peak latency from the first to the third block. In contrast,
patients with OCD did not show any differences in latency between blocks (mixed
group * block effect [F(2, 120) = 7.784, p = 0.0006]; post hoc comparison between
blocks: p = 0.007 for control group, p = 0.31 for the OCD group).
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Figure 8. The heart rate (HR) dynamics in three experimental blocks. (a) The HR dynamics for
50-time units in two groups of participants; yellow marker lines — the significant group differences
after LSD correction (p<0.05) and (b) the latencies (in units of time) of the first minimum and last
maximum.

Dynamics of PA in both groups

The dynamics of PA from experimental blocks 1 to 3 showed that both groups
had similar trends. It is noteworthy that in the middle part of block 3, the PA had
significantly lower mean values for all types of stimuli compared to other blocks
(main block effect for 8 units from 9 to 16: [F(2, 120) = 19.387, p < 0.0001]).

PA in the initial units (1-4) was significantly higher in the first block
compared to the rest in both groups [F(2, 120) = 37.898, p < 0.0001).

Intergroup differences in the dynamics of PA

ANOVA analysis revealed significant group differences in the initial units (1-
4) in PA between experimental blocks. Specifically, the control group showed
greater PA at the beginning of each experimental block [F(1, 60) = 4.494, p =
0.0322].

In the middle of experimental blocks 1 and 2 (from 3.5 to 6.5 minutes from
the beginning of the block), PA was significantly greater in the OCD group to
negative stimuli compared to the control group. During the third block, a similar
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difference was found only for negative (Fig. 9a) and neutral stimuli (Fig. 9¢) and
was not found for positive stimuli (Fig. 9b). ANOVA for 8 units (from 9 to 16)
followed by post hoc comparisons (p = 0.003) confirmed significant group
differences (group*block effect [F(2, 120) = 5.482, p = 0.0052]).

Finally, we compared the temporal dynamics of PA from blocks 1 to 3
between groups and found that, in contrast to the control group, patients with OCD
did not show a significant decrease in PA in the last experimental block compared
to the first when neutral stimuli were presented (group effect* block [F(1 ,60) =

15.048, p = 0.0003]; post hoc comparison p = 0.0085 in the control group).
—4— Control group --7- Patients with OCD

@ 2[@TT
1
O m
N2 O L asiuen [ A4 God R
3<_1 2 | Qd o0 ]
E= , ST\
55 § :
za -2 i é
-3
1 10 19 1 10 19 1 10 19
(b) 2 vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
1 I I
-o m i
N Offomebg aofy "
[ g ggaghedt] L b TR
=0 | ¥ )
S5 [
= ¢
-3
1 10 19 1 10 19 1 10 19
© R R
: M@
e © OG 7 OQDU Q
N o 0 &
g
55,
Z o
-3
1 10 19 1 10 19 1 10 19
1st block 2nd block 3rd block

Figure 9. The pupil area dynamics in three experimental blocks for two groups of participants;
yellow marker lines — the significant group differences after LSD correction (p<0.05). The abscissa
—the time units: the pupil area during each stimulus (only for neutral it was averaged for 3 stimuli).
(a) unpleasant images; (b) pleasant images; and (c) neutral images.
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Conclusions

The OCD group showed greater PA and higher HR values (based on not-
normalized data) during 3 blocks of the antisaccade task, suggesting increased
sympathetic tone in OCD in general.

The obtained results of HR and PA, and their dynamics, testify in favor of the
hypothesis of a decrease in the physiological flexibility of the ANS in OCD. At the
initial stages of the first block of the antisaccade task, a significantly lower HR value
was observed in the OCD group compared to the control group. An increased HR at
the beginning of any cognitive-emotional load is a typical reaction of the ANS to
adapt to it. A lower HR may indicate a reduced level of mobility and adaptability of
the ANS, which does not allow timely initiation of adaptation to an increase in load
through temporary activation of sympathetic tone.

The latency of the minimum gradually decreased in the control group from
block 1 to block 3, while in the OCD group this parameter remained practically
unchanged. This suggests that over time from the start of the task, the control group
experienced adaptation of the ANS, while in OCD there were no adaptive changes
in the ANS to the load from block to block.

Patients with OCD did not show a significant decrease in PA from the 1st to
the last experimental blocks, compared to the control group. These results are
consistent with previous research showing that patients with severe OCD symptoms
tend to exhibit greater rigidity in ANS responses.

At the beginning of each block, healthy volunteers showed significantly
greater PA for all types of stimuli. However, in contrast to the control group, the
greater increase in PA in the middle part of each block in the OCD group was more
pronounced in response to negative stimuli than to other types of stimuli. The
observed increase in the ANS response, reflected in pronounced changes in mental
health to negative stimuli, may be associated with a violation of the mechanisms of

emotional regulation and general maladaptation of the ANS in OCD.
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3. CONCLUSION

The antisaccade «overlap» design task with stimuli of different emotional
valence (neutral, positive and negative) can be used to study the influence of
emotional regulation on executive functions in mental disorders.

In our work, we primarily determined the optimal scenario for the antisaccade
task in the form of an «overlap» design. Comparison of blocks in both groups
showed that eye movements in the «overlap» block differed from the «step» and
«gap» blocks. Express and regular error rate, the average amplitude of express and
regular errors, latency and velocity of erroneous antisaccades were higher when
performing tasks in the «overlap» scenario than in the «step» and «gap» scenarios.
Moreover, the values of the average latency of express errors and the average
velocity of express errors were also the highest for the «overlap» scenario.

Having determined the optimal design of the antisaccade task, we applied it
to patients with OCD and healthy volunteers. Our finding of increased error rates in
response to negative stimuli in patients with OCD compared with healthy controls
suggests that the effect of negative stimuli on inhibitory control may play an
important role in OCD. This effect may be related to emotional dysregulation in
OCD. Moreover, our results also show that response latencies to negative and neutral
stimuli were significantly longer than to positive stimuli in the OCD group. It can
be assumed that participants with OCD are stuck on negative stimuli, and therefore
perform tasks with emotionally negative stimuli more slowly. Obsessive-
compulsive triggers can cause decreased attention to relevant information, increased
attention to irrelevant information, and decreased ability to suppress it. This
confirms our finding that patients with OCD have higher latency to make correct
antisaccades in response to negative images after fixating on them. Also in our study,
a higher latency to neutral stimuli was observed than to positive ones in the OCD
group. However, we cannot conclude that general inhibitory control is impaired
because there were no statistical differences in error rates between the OCD group

and the healthy control group for neutral stimuli.
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In parallel to the second study, we studied the features of HR and PA, as well
as their dynamics during all three blocks of the antisaccade task in relation to the
OCD group and healthy volunteers. Increased HR and increased PA in patients with
OCD compared to healthy volunteers may indicate increased tone of the sympathetic
nervous system in OCD in general. At the same time, the lower value of HR and PA
at the beginning of each block in the OCD group compared to the control group may
indicate a reduced level of mobility and adaptability of the ANS, which does not
allow timely initiation of adaptation to an increase in load through temporary
activation of sympathetic tone. An increased HR at the beginning of any cognitive-
emotional load is a typical reaction of the ANS to adapt to it. The reduced
physiological flexibility of the ANS and its maladaptation in OCD can be evidenced
by the results of a study of HR dynamics in the form of the absence of a gradual
decrease in the latency of the minimum from the first to the third block. This may
indicate that over time there were no adaptive changes in the ANS to the load from
block to block in OCD. A greater increase in PA in the middle part of each block to
negative stimuli in the OCD group compared to the control group may also confirm
a violation of the mechanisms of emotional regulation and general maladaptation of
the ANS in OCD.

In our work, we showed that negative emotional stimuli affect the functions
of inhibitory control in OCD, possibly through a shift of attention towards negative
stimuli, which in turn is associated with a deterioration in the physiological

adaptation of the ANS to load, especially to emotionally significant ones.
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