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Abstract: The emotional disturbances of individuals with codependency are often ignored. This
study aimed to investigate the emotional perception of codependent individuals in four modalities
— visual, auditory, tactile and olfactory. An EEG study was performed and presented pleasant and
unpleasant stimuli selected by a panel of experts for each modality. Participants (fifteen
codependent individuals and fifteen healthy volunteers) were instructed to assess the emotional
impact and pleasantness of stimuli. The method of EEG spaces was used to visualize how close
perceived stimuli were according to EEG data. The results showed ambivalence of emotional
response to emotional stimuli with social component and lack of recognition of emotional tone
detected in EEG and behavioral levels. The empathy feeling in codependent individuals was
detected for fewer emotional stimuli. The group differences were associated with evolutionary
newer modalities (auditory and visual). The lack of emotional perception in codependent subjects
was determined by social factors and was detected in visual and auditory modalities, which were

more involved in social interactions than olfactory and tactile modalities.
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1.0 INTRODUCTION

Codependency as a psychological problem has been
known for a long time. However, the neurophysiological
basis of emotional dysregulation in codependent
individuals remained underinvestigated. According to
previous studies, codependency was characterized by

belonging to a dysfunctional, one-sided relationship
where one person relies on the other to meet nearly all
their emotional and self-esteem needs (Fischer & Spann,
1991). The codependent individual could be
characterized by the dependence of the subject's self-
esteem on the ability to control both self and others, the
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necessity to satisfy the needs of others, down to denying
their own and anxiety due to problems in relationships
with relatives suffering from psychopathic, addictive,
emotional or behavioral disorders (Gierymski &
Williams, 1986; Kim, 2015).

The described emotional and behavioral problems of
codependent persons could also influence other
cognitive functions, including emotional perception,
which could be observed in the different modalities in
varying degrees found in previous clinical studies.
Deficits in both facial emotion and affective prosody
recognition could be detected in most psychiatric
disorders. In particular, patients with schizophrenia
showed decreased accuracy of emotional voice
recognition, as well as impaired perception of facial
expression (Kim, 2015) (Lawrence et al., 2004). The
deficit of voice prosodic perception and lack of
recognition of emotionally charging visual stimuli was
also found in individuals with autistic spectrum disorder
(Kaiser et al., 2016; Oakley, 2013) and patients with
depression (Yang et al., 2013). Alcohol-dependent
patients showed olfactory deficits associated with
difficulties recognizing odor familiarity and edibility
(Rupp et al., 2004).

The impairment of emotional perception depended on
the specificity of mental illness, the actual needs of the
subject, his emotional state, preferences or previous
experience (Carr & Buchanan, 1997; Cermak, 1986;
Morgan, 1991; Prest et al., 1998). In particular, patients
with schizophrenia could easily emit emotions of fear
and anger but showed significant differences in
differentiating emotions of happiness or sorrow
(Nevidimova et al., 2018; Reyomw et al., 2010; Rozhnova
et al., 2020). Patients with addiction disorders
demonstrated olfactory attractiveness manifested in
assessing unpleasant odors as pleasant (gasoline,
acetone, etc.) (Nevidimova et al., 2015). Aversive
responses to some odors were also found in patients
with obsessive-compulsive disorder. Other findings
indicated that patients with depression had difficulties
with odor identification and the predominance of
negative assessments for neutral and pleasant olfactory
stimuli as well as an extremely negative response to
unpleasant stimuli. Patients with mania, on the contrary,
overestimated the pleasantness of odors (Croy &
Hummel, 2017).

Hypo and hypersensitivity to some modalities could also
be one of the trendiest in which emotional perception
could be impaired (Croy et al., 2014). For example,
people with addiction disorders demonstrated a need

for auditory, visual or vestibular stimulation, which led
to risk-related behavior. Individuals with autistic
spectrum disorder, on the contrary, showed high
sensitivity to tactile stimuli when soft touch induced a
sense of severe discomfort (Kaiser et al., 2016). The
emotional perception of codependents remained still
understudied. There are very few studies investigating
the impairment of emotional perception in codependent
individuals, and most of them demonstrated that during
the processing of emotional stimuli in codependent
subjects was often accompanied by variable coping
strategies, including denial, confrontation, avoidance
and positive reappraisal (Chang, 2018; Coleman, 1987;
Politica, 2020). In particular, codependent persons tend
to idealize some memories while denying other events
or facts, resulting in selective emotional perception
(Nikolaev & Chuprova, 2013; Kaplan, 2022). Other
codependency experts suggested that codependents
could have altered sensitivity to emotional stimuli and
could be less empathetic when perceiving others'
emotions (Ansara, 1995; Lancer, 2015).

This study hypothesized that the emotional disturbances
of codependent individuals, particularly the altered
emotional perception, obey certain laws that underlie
the development of this mental disease. The aims of this
study were: (1) to compare the ability to perceive
emotional stimuli in four modalities between
codependent individuals and control subjects; (2) to
identify the relation between the ability to perceive
emotion and its social context; and (3) to investigate the
EEG changes corresponded to the altered emotional
perception. By doing so, we can learn the
neurophysiological mechanisms  underlying  the
particular processes of emotional perception in which
codependent individuals may have particular difficulty
and which could have important implications for
developing novel psychological interventions. So, the
research specificity of emotional perception in
codependent persons could help to identify the origin of
their behavioural and emotional problems and could be
further used for rehabilitation and psychotherapeutic
work.

2.0 MATERIALS AND METHODS

2.1 Participants

Fifteen healthy right-handed subjects (7 male, 8 female,
28.4 + 3.7 years old; 12.1 £+ 7.7 scores by Friel
Codependency Assessment Inventory (Fischer 1991)
and 15 codependent individuals (6 male, 9 female, 29.7
+ 4.1 years old; 49.8 £ 9.1) participated in our study.
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Exclusion criteria included: menstrual cycle phase, use
of oral contraceptives, previous neurological or
psychiatric history, pregnancy, and treatment with
antidepressants and anxiolytics. All participants signed
the informed consent for the research document
indicating a willingness to participate. The work was
approved by the Institute of Higher Nervous Activity and
Neurophysiology ethics committee of the Russian
Academy of Sciences (protocol Ne 2 24/05/2017).

Participants were asked to evaluate their emotional
state (self-assessment) using scales of arousal, empathy,
anxiety, aggression, fatigue, and irritation (0-5). The
results of the self-assessment are depicted in Figure 1.

Participants did not differ based on their self-
assessments.
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Figure 1. (A) Subjective rate of arousal of unpleasant stimuli
(the individual values were averaged over unpleasant stimuli
inside each modality) presented in four modalities in control
group subjects and codependent individuals. (B) scatterplots
(with frequencies) of individual value points of subjective
arousal for the following stimuli: Acetone (olfactory), hard
brush (tactile), Scream (auditory) , and Snakes (visual).

2.2 Stimuli

The experiment consisted of 4 series corresponding to 4
modalities. Stimuli were selected during the pilot study
with healthy adult volunteers (n=89), who were
instructed to assess stimuli by scales of pleasantness (-5
— 5) and arousal (0-5). As a result of the pilot study of
more than a hundred stimuli, the most pleasant and
unpleasant stimuli of similar pleasantness and arousal
were selected. The selected pleasant stimuli did not
differ between the four modalities' pleasantness and
arousal. The unpleasant stimuli also did not differ by
their arousal; however, as for the pleasantness, the

same unpleasant tactile stimuli cannot be applied as
odors, images or sounds due to the ethical protocol. At

the same time, the differences between the
pleasantness of unpleasant tactile stimuli and
unpleasant stimuli of other modalities were not

significant (p>0.11).

The number of stimuli varied depending on modality: 14
pictures from The International Affective Picture System
(IAPS) (6 pleasant, 8 unpleasant), 14 sounds (6 pleasant,
8 unpleasant), 10 tactile stimuli (3 pleasant, 3
unpleasant), 14 odors (6 pleasant, 8 unpleasant). The
stimulation was randomized, odors and tactile stimuli
had a duration of about 20-30 sec and were repeated 4
times, auditory and visual stimuli had a duration of 8
seconds and were repeated 20 times. The stimuli were
presented using Presentation Software
(Neurobehavioral Systems, USA).

2.3 Assessment of stimuli

Participants assessed the stimuli by the scales of
pleasantness, arousal, and feelings of empathy toward
the stimuli during EEG recording. The pleasantness,
arousal and empathy were assessed by scales from 0
(most unpleasant) to 5 (most pleasant) - the gradient
was marked on the keyboard. The clinical psychologist
(experienced in working with codependent persons)
prepared the experimental procedures and managed
trustworthy and comfortable communication during the
study.

2.4 EEG registration

During the EEG recording, the participants were
instructed to remain calm and to listen to the presented
sounds (via earphones), watch the visual stimuli
(presented on the monitor), smell the odors, and
perceive tactile stimuli to avoid falling asleep. The
auditory olfactory and tactile stimuli were presented
while the subject's eyes were closed to avoid visual
interference. EEG was recorded using Neurotravel-24D
(ATES Medica, Italy), with 32-channel Electro-Cap (USA).
The amplifier bandpass filter was nominally set to 1.6-30
Hz.

For EEG preprocessing, continuous EEG fragments
corresponding to the stimulation and each subject's
resting state were cleaned from eye movements and
muscle artifacts by an ICA-based algorithm in the
EEGLAB plugin for MatLab 7.11.0. Movement artifacts
were cut out through manual data inspection. The
continuous resting-state EEG of each subject was filtered
with a bandpass filter of 0.5-30 Hz.
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2.5 Data processing

EEG intervals corresponding to a specific stimulus (about
200-250 sec) were concatenated. Eyes movement
artifacts were cleaned out using EOG data by EEGLab.
Small intervals affected by muscle activity were excluded
(cut) manually using visual inspection. All the following
processing was performed using the EEGLab plugin for
MatlLab (Mathwork Inc.). The "EEG spaces" calculations
were implemented in C# programming language by the
lab's engineer.

2.5.1 EEG spaces

The method of EEG spaces previously adapted to clinical

data was used and allowed to visualize how close/distant

the perceived stimuli were according to EEG data. The
technique consists of the following steps:

1. The EEG fragment corresponding to each emotional

stimulus sound was divided into small non-

overlapping epochs of 8 seconds.

FFT (absolute value) was calculated for the epochs in

the 2-20 Hz band for electrodes (F3, F4, F7, F8, FC5,

FC6, T3, T4, T5, T6, CP5, CP6, P3, P4, C3, C4, 01, 02

international 10-20 system)

. The distance between each pair of emotional stimuli
was calculated: for each frequency bin, two samples
of FFT values (of the epochs of these fragments) were
compared using Mann-Whitney U-test (p < 0.05). The
distance was equal to the percentage of differing
frequency bins.

. Emotional stimuli were placed onto a plane using a
multidimensional scaling method, namely Sammon

projection. EEG spaces for visual and auditory
modalities were depicted using color (Figure 2). So,
the distances between the stimuli types in the plane
were as similar as possible to the distances calculated
from FFT values. This similarity was always good
enough to claim the projection is legit.

The resulting pictures (obtained for each subject)
were standardized and then averaged.

After standardization, individual pictures were
averaged over groups. So, these EEG spaces showed
relational distances between emotional sounds
based on how much the corresponding EEG data
differ in terms of rhythm magnitudes.

2.5.2 Power spectral density (PSD)

Fast Fourier transform (FFT) was used to analyze PSD.
The EEG spectrum was estimated for every 178 £ 22.3 s
intervals. The resulting spectra were integrated over
intervals of unit width in the range of interest (2—3 Hz,
3-4 Hz, .. 19-20 Hz). The PSD values were log-
transformed for further analyses.

2.5.3 Peak alpha frequency

Alpha peak frequency identification was conducted by
exploring source-level power spectra at scalp electrodes
using a fast Fourier transform (FFT). It was identified as
the center of gravity frequency within the 8—13 Hz band.
The center of gravity frequency refers to the "weighted
sum of spectral estimates divided by alpha power":
2(a(f)xf)(za(f)). If no peak was present, it was not
counted.
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2.5.4 Higuchi fractal dimension (FD)

HFD was evaluated using the Higuchi algorithm. The
examined signal bandpass-filtered in the range of
interest (1.6 - 30 Hz) was calculated with a Butterworth
filter of order 12 with an IIR filter (Matlab, MathWorks).

2.5.5 Ratio of envelope's mean frequency standard
deviation to its mean (StDE)

The following method was applied to evaluate the (de-)
synchronization dynamics of the rhythms. First, the
envelope of the EEG signal for the whole frequency
range (1.6 - 30 Hz) was calculated using the Hilbert
transform. Second, the (in-) stability of the envelope's
amplitude was assessed by calculating its average
frequency using FFT. Finally, the ratio of its standard
deviation to its mean (wideband — RAT) was calculated.

2.6 Statistical analysis

One-way and Factorial ANOVA with Bonferroni
correction was used to determine modality and group
effects on EEG metrics. To calculate differences between
pleasant and unpleasant stimuli, we used averaged
values of EEG parameters (for all pleasant and all
unpleasant stimuli) separately in each modality.
Significant R values were used for further analysis (p <
0.05). The Mann-Whitney U test was used to calculate
group differences in stimuli assessment.

A cluster-based permutation test calculated the
correlation between EEG indices and emotional
assessments. A possible association of the EEG metrics
with the ratings of subjective assessments of emotional
stimuli was analyzed using Spearman correlation
analysis and was corrected for multiple comparisons
using clustering methods (Matlab toolbox for BCI) with
500 permutations at each node (the Bonferroni
corrected p-value of 0.05). The permutation test was
performed to compensate for the multiple statistical
estimations of the correlations in different EEG channels.
Correlation for each EEG channel was computed with
Spearman correlation across subjects. Only significant (p
< 0.05) correlation values were used for further analysis.

3.0 RESULTS

This section provides a concise and precise description
of the experimental results, their interpretation, and the
experimental conclusions that can be drawn.

3.1 Emotional assessment of pleasantness

The codependent subjects were abnormally resistant to
some unpleasant stimuli and estimated them as neutral.
Subjects of the control group unambiguously
distinguished pleasant and unpleasant stimuli in all

modalities. The participants with codependency
assessed some of the stimuli as being neither pleasant,
nor unpleasant. The average values (meanisd) are
presented in Tables 1, 2 and 3.

Table 1. Descriptive statistics of stimuli assessment by
scale Pleasantness (0 -5) and group differences between
codependent subjects and control group in olfactory and
tactile modalities.

Mann-
Control Codependent Whitney
group individuals U test
(p-value)
Alcohol 0.6£1.0 1.0£1.8 0.25
Isopropyl 0.2+0.3 0.2+ 0.4 0.58
alcohol
Vinegar 0.4x0.5 0.5+ 0.8 0.47
Vishnevsky ) 0, 08 1.5:1.8 0.09
ointment
Acetone 0.9+0.8 0.3+ 0.5 0.23
Garlic 1.2+1.3 2013 0.09
Rotten fish 0.7+£0.9 1.7+ 1.8 0.08
Diluent 04+04 0.2+ 0.3 0.48
Rose 43+1.2 4.7+1.2 0.38
Vanilla 44+1.2 48+1.3 0.42
Coffee 4215 3.1+1.7 0.14
Grass 41+14 35+20 0.24
Salami 41+1.7 3.1+1.7 0.09
Cinnamon 43+1.2 48+1.0 0.38
Niddles 1.0+£0.5 0.8+t0.4 0.58
Hard brush 1.0+£0.5 0.8+ 0.4 0.58
Ice 0.8+0.8 0.9+1.7 0.10
Warm 43110 39116 0.41
massage bag
Wide soft 43+1.8 4.4£2.0 0.61
brush
Paintbrush 46+1.2 3.21+1.6 0.11
Thus, subjective assessment results by scale
Pleasantness  demonstrated that Codependent

individuals under-evaluated the unpleasantness of some
images and sounds compared to the control group and
assessed these unpleasant stimuli as neutral or even
pleasant. At the same time, Codependent individuals
under-evaluated the same way the pleasantness of
some pleasant stimuli. For example, group differences
during the assessment of the image of the sad kid: the
control group participants assessed this picture as being
significantly more unpleasant than codependent
individuals (Table 2), and the latter groups also
significantly under-evaluated pleasantness of almost all
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pleasant stimuli in visual and auditory modalities
(butterfly, seal, smiley kid, smiley woman) [F(13,
364)=8.5977, p<0.0001].

Further, Codependent individuals under-evaluated the
unpleasantness of a few unpleasant stimuli compared to
the control group (in particular, the unpleasantness of
images with damaged faces). The rates of pleasantness
for stimuli presented in olfactory and tactile modalities
did not differ between groups (Table 1).

3.2 Emotional assessment of arousal

The arousal level in codependent individuals was
significantly lower compared to controls during the
perception of some emotional stimuli in auditory and
visual modalities. In particular, the images of a clogged
toilet (z=2.8, p=0.004), damaged face (z=3.1, p=0.001),
seal (z=3.0, p=0.001) and smiley kid (z=3.1, p=0.001), the
sound of vomiting (z=3.4, p=0.0005) and snoring (z=2.7,
p=0.006), stadium noise (z=2.8, p=0.004) and erotic
sounds (z=3.3, p=0.0008) had higher arousal rates in
subjects of the control group compared to codependent
individuals.

In the more ancient olfactory and tactile modalities,
significant group differences were found for only
pleasant stimuli. Codependent individuals had lower

arousal rates than controls during the perception of
cinnamon and vanilla odors (z=2.6, p=0.006; z=2.3,
p=0.01), and perception of soft brush stroking,
simulating the CT-afferents (z=2.4, p=0.009). The
repeated measures ANOVA showed that taking into
account only unpleasant stimuli, the subjective level of
arousal in codependent subjects compared to controls
was significantly lower only for visual and auditory
modalities. It did not differ for olfactory and tactile
modalities [F(1, 28)=12.189, p=0.0016](Figure 1).

3.3 Assessment of feelings of empathy toward the
stimuli

The significant group differences between the empathy
rate of stimuli were detected only in visual and auditory
modalities and were found for images of damaged faces,
smiley kids and smiley women and of sounds of
vomiting, screaming, coughing, fighting, stadium noise,
erotic sounds, campfire noise, and laughter. The
empathy scores for these stimuli were significantly
higher in the control group than in the codependent
individuals. At the same time, few stimuli induced higher
empathy in codependent participants compared to the
control group. In particular, during the perception of a
clogged toilet and cemetery images, Codependent
individuals reported higher empathy feelings than the
control group (Tables 2 and 3).

Table 2. Descriptive statistics of stimuli assessment by scale Pleasantness (0 -5) and stimuli impact by scale Empathy
and group differences between codependent subjects and control group for auditory modality. P-values were

calculated for the Mann-Whitney U test.

Pleasantness Empathy

Visual stimuli Control Codependent Control Codependent

group individuals P value group individuals P value
Clogged toilet 09+0.3 0.2+0.2 0.09 20x1.0 2907 0.05*
Snakes 1.2+0.8 0.8+0.5 0.29 13+1.2 12+15 0.61
Cockroaches 1.1+05 0.7+t0.4 0.26 1.1+1.3 13+1.0 0.53
Cemetery 1.0+£0.9 0.6+0.7 0.31 21+1.0 3.4+0.6 0.005*
Damaged face 0.8+0.7 20x1.0 0.009* 4.8+0.9 3.3+0.5 0.04*
Sad kid 14+1.7 28+15 0.01* 41+1.7 39+15 0.54
Crying woman 1.5+0.9 26+1.1 0.02* 45+0.9 46+1.1 0.62
Barking dog 09+1.1 2.2+0.9 0.03* 09+13 1.2+14 0,31
Ice cream 43+0.8 4.8+0.5 0.48 0.2+1.1 06+1.5 0.44
Pizza 41+1.1 4.7+09 0.25 05+1.2 0.7+0.9 0.56
Butterfly 46+0.9 3.1+1.7 0.03* 13+09 1.0+1.5 0.49
Seal 45+1.1 28+19 0.008* 14+10 13+138 0.69
Smiley kid 42+0.7 3.2+15 0.01* 40+09 3.0+1.4 0.05*
Smiley woman 41+0.8 27%22 0.03* 3.5+0.9 22+17 0.03*

Note: * Significant differences are noted.
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Table 3. Descriptive statistics of stimuli assessment by scale Pleasantness (0 -5) and stimuli impact by scale Empathy
and group differences between codependent subjects and control group for auditory modalitiy. P-values were

calculated for the Mann-Whitney U test.

Pleasantness Empathy
Auditory stimuli Control Codependent P value Control Codependent P value
group individuals group individuals
Crying 0.8+0.9 22+13 0.04* 43+09 45+0.3 0.64
Fight 1.1+1.3 24+15 0.04* 40+1.3 2.7+0.6 0.04*
Vomiting 0.5+0.8 2.5+1.8 0.009* 46+09 3.2+1.2 0.009*
Banshee 1.1+ 0.9 0.4+ 0.8 0.17 1.1+ 0.9 1.2+09 0.61
Barking 0.6+0.9 24+13 0.009* 1.6+0.9 14+13 0.58
Snoring 1.7+13 16+15 0.48 21+1.4 2.7+0.9 0.13
Scream 0.3+0.9 22+15 0.007* 4.8+09 35+15 0.008*
Coughing 0.8+1.0 25+1.1 0.01* 41+11 29+1.0 0.007*
Bird song 43+1.2 48+0.7 0.42 2010 1.8+15 0.58
Stadium noise 41+1.7 23+18 0.05* 3.1+1.5 23+19 0.007*
Sound of the ocean 42+09 41+1.7 0.54 24+0.8 21+15 0.39
Erotic sounds 41+1.7 2920 0.04* 39+1.6 11+16 0.002*
Campfire noise 43+09 42+15 0.51 3.8+0.9 25+1.7 0.019*
Laughter 42+13 24121 0.03* 40+13 28122 0.006*

Note: * Significant differences are noted.

3.4 Group differences of subjective rates between
pleasant and unpleasant stimuli

For pleasant and unpleasant stimuli, their subjective
rates of pleasantness, arousal, and empathy were
averaged separately for each modality between groups
of subjects. The difference between subjective
pleasantness of pleasant and unpleasant stimuli was
significantly higher in subjects of CG compared to Cl in
visual [F(1, 28)=19.337, p=0.0009] and auditory [F(1,
28)=15.974, p=0.0011] modalities. The difference in
arousal rates between pleasant and unpleasant stimuli
was significantly higher in Cl compared to CG and was
found for all modalities [F(1, 28)=15.014, p=0.0012]. The
difference between the empathy level of pleasant and
unpleasant stimuli did not differ between groups.

3.5 EEG indexes

The EEG responses showed similarity to behavioral
findings results. EEG indexes between pleasant and
unpleasant stimuli were analyzed, and there was
significantly higher in the control group. Factorial
ANOVA showed that independent of modality, the EEG
indexes between pleasant and unpleasant stimuli were
higher in the control group [main effect: F(1,
298)=11.184, p=0.003]. At the same time, evolutionary
newer modalities — visual and auditory showed
separately higher group differences [main effect: F(1,
188)=26.719, p<0.0001], whereas EEG indexes of

olfactory and tactile modalities did not show significant
differences.

The spaces of EEG indexes with emotional assessments
of visual and auditory stimuli are depicted in Figure 2.
Thus, codependent individuals assessed some pleasant
(erotic sounds, stadium noise, campfire noise, laughter)
and unpleasant (fight, vomiting, scream, coughing)
auditory stimuli as being relatively neutral than pleasant
or unpleasant. The visual EEG spaces and assessments
showed the same trend (Figure 2, Table 1).

3.6 Differences of PSD between pleasant and
unpleasant stimuli

The PSD during resting states did not differ between
groups. The group differences between PSD during the
presentation of stimuli and rest did not pass the
Bonferroni correction.

In tactile and olfactory modalities, there was group
independent differences between pleasant and
unpleasant stimuli. The delta-rhythm PSD was
significantly higher for the pleasant stimuli than the
unpleasant ones in both groups of subjects [F(1,
28)=14.0212, p=0.0034]. At the same time, we
compared the PSD during the presentation of pleasant
and unpleasant stimuli in visual and auditory modalities
and revealed significant group differences. In particular,
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the subjects of the control group demonstrated higher
beta-rhythm (14-20 Hz) and alpha-rhythm (8-11 Hz) PSD
during perception of pleasant sounds compared to
unpleasant in the left TPO area. However, Cl did not
show significant differences between stimuli [F(3,
84)=19.531, p<0.0001]. In the visual modality, similar
group differences were revealed between pleasant and
unpleasant stimuli in codependent subjects. The
subjects of the control group demonstrated higher beta-
rhythm (14-20 Hz), alphal-rhythm (8-10 Hz) and theta2-
rhythm (6-10 Hz) PSD during perception of pleasant
images compared to unpleasant in the left parietal areas
and absence of significant differences between stimuliin
Cl [F(3, 84)=16,97, p<0.0001] (Figure 3).

Control group Codependent individuals

dededededde
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Figure 3. Visual modality. «+» - pleasant stimulus (butterfly) «-
» - unpleasant stimulus (barking dog). (a) — Significant
differences in 6-10 Hz band, (b) — significant differences in 14-
20 Hz band.

3.8 Differences of PAF between pleasant and
unpleasant stimuli

The PAF during perception of pleasant stimuli compared
to unpleasant was significantly lower in both groups of
subjects and for all modalities [main effect, F(1,
28)=10.0212, p=0.00972]. Group differences were
detected only in visual modality: the difference between
PAF for pleasant and unpleasant stimuli was significantly
higher in CG compared to CI [F(1, 28)=15.307, p=0.0008)
(Figure 4).
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3.7 Differences of FD and StDE between pleasant and
unpleasant stimuli

FD increased during stimulation compared to the resting
state. Despite the differences that did not pass the
Bonferroni correction, the increase of FD compared to
the background for pleasant stimuli was significantly
higher in CG compared to Cl [main group effect for all
modalities F(1, 28)=11,0212, p=0.0064].

The FD during perception of pleasant stimuli compared
to unpleasant was significantly higher (and StDE was
significantly lower) in both groups of subjects and for all
modalities [main effect F(1, 298)=15,292, p=0.0006] in
left temporal and frontal areas. Group differences in FD
and StDE differences between pleasant and unpleasant
stimuli were detected only in visual and auditory
modalities. The differences between FD [F(1,
28)=13.486, p=0.004] and StD [F(1, 28)=18.764,
p=0.0005] between pleasant and unpleasant sounds and
pictures were significantly higher in the control group
compared to Cl.

Figure 4. The values (mean + St.D) of non-linear features for
pleasant and unpleasant images (scores were averaged inside
each modality) in codependent individuals and subjects of
control group. The black circle means the electrode used for
visualization.

3.9 Correlation analysis between emotional
assessment and EEG response

Considering the inconsistency of over- and
underestimation of some emotional stimuli by ClI, we
performed a correlation analysis between EEG metrics
and subjective rates separately for each stimulus. Also,
we conducted correlation analysis for pleasant and
unpleasant stimuli averaged separately for each
modality, however, did not receive significant results.

We found that the increased FD during listening to some
stimuli compared to background correlated with
empathy. In particular, the higher the empathy rates for
vomiting (r=0.59, p=0.0009), coughing (r=0.57,
p=0.0015), and screaming (r=0.62, p=0.0006), the higher
empathy feelings for these sounds were reported.
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Using correlation analysis, we also revealed a positive
correlation between the reported pleasantness of some
sounds and pictures and alpha-rhythm PSD (8-10 Hz).
The significant correlations were found for sounds of
stadium noise (r=0.62, p=0.0005) and laughing (r=0.61,
p=0.0007) and images of smiley kid (r=0.59, p=0.0009)
and cemetery (r=0.64, p=0.0002).

4.0 DISCUSSION

Our results showed that codependent individuals
showed a simultaneously lower response to some
emotional stimuli and higher reactivity to other
unpleasant stimuli. In particular, codependent
individuals showed a lack of recognition of stimuli
emotional tone and estimated some stimuli (for
example, crying, vomiting, damaged face, etc.) as
neither pleasant nor unpleasant. At the same time, these
individuals demonstrated inverse and ambivalent
feelings associated with these stimuli and reported
significantly higher irritation and anxiety impacts than
the control group. The ambivalent feelings were
previously associated with the emotional state of
codependent women who demonstrated controversial
feelings to variable stimuli associated with their
alcoholic husbands (Asher, 2018). Confirming these
findings, our results also revealed that most of the
stimuli rated as neutral (vomiting, laughter, stadium
noise) by codependent subjects were associated with
social interactions (Gierymski & Williams, 1986).

Another characteristic feature of our participants with
codependency was hyperreactivity to some negative
stimuli. For example, the sound of crying was assessed
by codependent individuals who reported significantly
higher irritation and anxiety feelings than subjects of the
control group. The data confirmed previous findings that
codependent individuals were more sensitive to specific
environmental influences. Moreover, codependent
individuals could demonstrate excessive emotional
reactivity or suppressed emotions in similar at first
glance circumstances (Gotham & Sher, 1996).

The obtained results were supported by the EEG data
demonstrating similar psychological assessment trends.
In particular, EEG indexes between pleasant and
unpleasant stimuli were significantly higher in the
control group, indicating that these individuals
distinguished stimuli according to their emotional tone
at the level of EEG patterns. At the same time, the
described group differences were revealed only on
evolutionarily newer and more socially related
modalities — visual and auditory. The olfactory and
tactile modalities were less susceptible to the described

group differences, which confirmed the absence of the
primary deficit of emotional perception in codependent
individuals and supported its family and relationship
origin (Rupp et al., 2004; Prest et al., 1998).

The last result which should be discussed was associated
with empathy feelings of codependent subjects. In
particular, we found that less emotional stimuli induced
empathy feelings in codependent participants, at the
same time, the stimuli which induced empathy response
were characterized by overreacted empathy. This result
was consistent with previous findings showed that the
codependent individual tended to demonstrate
pathological altruism characterized by unhealthy,
ineffective empathy focused on others to the detriment
of one's own needs (Oakley, 2013).

5.0 CONCLUSIONS

Our findings demonstrated the ambivalence of
emotional response to emotional stimuli with the most
pronounced social component in codependent
individuals that could be detected using the EEG spaces
(EEG indexes) method of psychological assessment.
Participants with codependency also demonstrated
difficulties when attempting to distinguish the
pleasantness of emotional stimuli. The empathy of
codependent individuals was reduced and detected for
fewer emotional stimuli, which included only unpleasant
images and sounds. All detected group differences were
associated with newer evolutionary modalities, whereas
the differences in olfactory and tactile modalities were
less significant.

Abbreviations: EEG: electroencephalogram; FFT: fast Fourier
transform; Hz: Hertz; PSD: the particle-size distribution; HFD:
Higuchi fractal dimension; FFT - Fast Fourier transform; PAF -
Peak alpha frequency; FD - fractal dimension; CG — control
group; Cl — codependent individual; PSD — power spectral
density; StDE - the ratio of envelope's mean frequency
standard deviation to its mean
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