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ABSTRACT
:  Objective: Temporal Lobe Epilepsy (TLE) could cause various emotional symptoms due
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in them. The research instruments were the Emotional Processing Scale and the Diagnostic and
Statistical Manual of Mental Disorders, 5" Edition (DSM-5)-based psychiatric interview. The
obtained data were analyzed using a multivariate analysis of variance by SPSS.

Results: The present study results suggested significant differences in emotional processing
between the investigated epileptic and non-epileptic groups (P<0.01). Besides, emotional
processing indicated significant differences in intrusion, the lack of attunement, and dissociation
subscales between patients with early-onset TLE, compared to those with late-onset TLE.
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Highlights

e TLE could cause various emotional symptoms due to the damages imposed on the temporal lobe.

e There are sigificace differences in emotional processing between the investigated epileptic and non-epileptic groups.

e There are more emotional processing dysfunction in patients affected by TLE, compared to the non-epileptics.

Plain Language Summary

Temporal Lobe Epilepsy (TLE) could cause various emotional symptoms due to the damages imposed on the tem-
poral lobe. Some patients with epilepsy were compared to patients with no epilepsy to identify emotional-processing
styles in them. The obtained data were analyzed using a multivariate analysis of variance by SPSS. The results suggest-
ed significant differences in emotional processing between the investigated epileptic and non-epileptic groups. Also,
emotional processing indicated significant differences in intrusion, the lack of attunement, and dissociation subscales
between patients with early-onset TLE, compared to those with late-onset TLE. The data revealed more emotional
processing dysfunction in patients affected by TLE, compared to the non-epileptics. This study aimed to compare
emotional processing between patients with early- and late-onset TLE and a healthy group.

1. Introduction

pilepsy is a prevalent neurological disease,

which imposes a heavy burden on the af-

fected families and the society, including

psychological and economic problems

(Elliott & Richardson, 2014; Baulac

et al., 2015). In patients with Temporal
Lobe Epilepsy (TLE), Mesial Temporal Sclerosis (MTS),
the loss of neurons and gliosis around the hippocampus,
entorhinal, and amygdala complexes have been reported
(Cukiert, Cukiert, Burattini, & Lima, 2014; Kang et al.,
2016). The amygdala damage separately occurs in patients
with TLE (Lv et al., 2014; Yilmazer-Hanke, O’Loughlin,
& McDermott, 2016).

Neuropsychological studies and neuroimaging have sup-
ported the effectiveness of the amygdala in cognitive and
emotional processing, especially, in negative emotions;
consequently, the damages to amygdala lead to deficits in
emotional evaluation and processing (Dellacherie, Has-
boun, Baulac, Belin, & Samson, 2011; Schmidt et al.,
2014; Mier et al., 2014; Monti, & Meletti, 2015., Pizzi
et al., 2016). Emotional processing deficits in patients
with TLE lead to poor psychosocial adjustment, reduced
quality of life, and high rates of depression and anxiety
(Wendling et al., 2013; Cohn et al., 2014; Szaflarski et
al., 2014; Bora, & Meletti, 2016).

In addition, the amygdala, insula, anterior singular cortex,
medial prefrontal cortex, and ventricular-lateral region of
the prefrontal cortex include key neural substrates and es-

sential for emotional processing and regulation (Perez et
al., 2016; Mueller et al., 2017). Furthermore, neuroimag-
ing studies have indicated the role of the amygdala and
insula in healthy emotional processing (Dellacherie et
al., 2011; Schmidt et al., 2014; Mier et al., 2014; Monti,
& Meletti, 2015; Pizzi et al., 2016). The association be-
tween increased amygdala reactivity and heightened nega-
tive emotions has also been reported in several studies
(Bonora et al., 2011; Townsend et al., 2013; Goodman
et al., 2014; Gomez-Ibanez, Urrestarazu, & Viteri, 2014;
Gaffrey, Barch, & Luby, 2016).

Emotional processing is a procedure by which emotional
distress is absorbed and reduced; accordingly, one’s be-
havior and experiences continue without disruption. Dif-
ficulties in emotional processing could occur at different
stages, including recording, evaluation, experiencing,
awareness, and emotional expression, leading to behav-
ioral symptoms (Baker, et al., 2010). Besides, healthy
emotional processing is essential for emotional and social
functioning (Brand et al., 2012; Ho et al., 2014; Marusak,
Martin, Etkin, & Thomason, 2015).

Various studies have revealed deficits in the processing
and recognition of facial emotions in patients with TLE
(Wendling et al., 2013; Amlerova et al., 2014; Meletti
et al., 2014; Monti, & Meletti, 2015); however, no re-
search has been conducted on the emotional processing
styles of these patients. Moreover, some researchers have
stated that emotional dysfunction is more prevalent in in-
dividuals with epilepsy initiation of before the age of 6
years (early-onset), compared to those with epileptic sei-
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zures onset of after the age of 6 years (late-onset) (Hlo-
bil, Rathore, Alexander, Sarma, & Radhakrishnan, 2008).
The studies have also indicated a relationship between the
age of patients and their severity of emotional impairment
(Meletti et al., 2003; Brand et al., 2012; Amlerova et al.,
2014; Zhao et al., 2014). Nevertheless, most of these stud-
ies addressed some areas of emotional dysfunctions, such
as facial emotion processing and disregarded other aspects
of emotional processing, like emotional processing styles.

Besides, TLE has a chronic nature and impacts the areas
involved in emotional recognition and processing due to
the damages to the emotional processing circuits; there-
fore, identifying the pathology of emotional components,
like emotional processing in these individuals, compared
to healthy groups is one of the strategies to prevent these
patients from being exposed to emotional problems. Ad-
ditionally, preventing the exacerbation of emotional dys-
function could also be effective in providing complemen-
tary therapies for TLE patients.

Furthermore, data on emotional processing styles in tem-
poral lobe epilepsy are scarce. However, a great body of
literature investigated the dysfunction of emotional pro-
cessing, like facial emotion processing in TLE patients.
Moreover. The present study considered the other aspects
of emotional processing, including the emotional process-
ing styles, compared to facial emotion processing, ad-
dressed in the previous researches.

Therefore, the emotional processing styles are expected
to be more maladaptive in this group, compared to the
non-TLE individuals; further dysfunction rates are also
expected in patients with an early-onset, compared to
those experiencing a late-onset TLE. Accordingly, the pri-
mary purpose of this study was to investigate the emotion-
al processing between the TLE and non-epileptic groups;
the secondary goal was to explore the extent of emotional
processing deficits between the early- and late-onset epi-
lepsy patients.

2. Methods

In this cross-sectional study, the samples were selected
after receiving a definitive diagnosis of TLE and undergo-
ing Electroencephalography (EEG) by a neurologist. The
study participants were chosen from Chamran Hospital
(neurology clinic) and the Iranian Epilepsy Association
in 2017. Then, according to the inclusion and exclusion
criteria, 60 TLE patients, including 30 early-onset and 30
late-onset TLE patients, were recruited using a purposive
sampling technique. Besides, 60 healthy subjects from the
general population were selected according to the inclu-

sion and exclusion criteria by convenience/purposive sam-
pling method.

The inclusion criteria were the age ranged 20-50 years,
being educated to at least high school, not being affected
by severe mental and personality disorders, not using psy-
chotropic drugs or any other medication with adverse ef-
fects on the emotions and mood, as well as no drug and al-
cohol use or dependency for all participants. Moreover, the
specific inclusion criterion for the TLE, the patient group,
had TLE diagnosed at or before the age of 6 years (for the
early-onset group), as well as having TLE diagnosed after
the age of 6 years (for the late-onset group). The exclusion
criterion was an unwillingness to participate in the study.

Then, all participants entered the study following a psy-
chiatric interview to exclude patients with severe psychi-
atric and substance use disorders. Next, they provided
signed written informed consent forms. Initially, all TLE
patients were compared to 60 healthy individuals regard-
ing emotional processing by Baker’s Emotional Process-
ing Scale (Baker, Thomas, Thomas, & Owens, 2007).
Furthermore, the early- and late-onset TLE patients were
compared concerning emotional processing. Descriptive
statistics (mean and standard deviation) and Multivariate
Analysis of Variance (MANOVA) were used to analyze
the collected data by SPSS.

To observe the ethical considerations, all procedures
of the current study were per the ethical standard of the
ingtitutional and national research committee. Some ethi-
cal considerations of this study were obtaining informed
consent from the subjects; non-disclosure of subjects’ per-
sonal and identity characteristics; reassuring the subjects
about their data confidentially, and qualitatively describing
the subjects’ test performance data to them, if desired.

The following tools were applied in the present study to
obtain the required data:

Emotional Processing Scale (EPS): EPS is a 38-item
self-administered scale developed by Baker et al. (Baker,
Thomas, Thomas, & Owens, 2007) to measure emo-
tional processing styles. Each item is scored on a 5-point
Likert-type scale (strongly disagree to strongly agree).
This scale has three main areas; difficulty in recognizing
and experiencing emotions, difficulty in controlling and
expressing emotions, and inadequate emotional process-
ing. According to the scale, emotional processing styles
are classified into three domains (1- difficulties in emo-
tional recognition and experience, 2- difficulties in emo-
tional control and expression, & 3-inadequate emotional
processing).
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EPS includes 8 subscales (intrusion, suppression, the
lack of attunement, the lack of control, dissociation,
avoidance, discordant, and externalization). Difficulties in
emotion recognition and experience cover the lack of at-
tunement, discordant, and externalization. The domain of
difficulties in emotional control and expression includes
suppression, dissociation, avoidance, and the lack of con-
trol. Inadequate emotional processing comprises intrusion.
Cronbach’s alpha coefficient and test-retest reliability of
this scale were reported as 0.92 and 0.79, respectively
(Baker, Thomas, Thomas, & Owens, 2007). In a prelimi-
nary $tudy on 40 students, Lotfi, Abolghasemi, & Nari-
mani, (2014) reported -0.54 as the correlation coefficient
of EPS with the emotion regulation scale of ¢=0.01. Cron-
bach’s alpha coefficient of this inventory was calculated as
0.95 in another study (Narimani, 2013).

3. Results

The relevant results of demographic variables in the epi-
leptic patients suggested that most of the samples were
male (66.7%), single (56.7%), high school graduate/

dropout (55%), employed (53.3%), and of middle socio-
economic status (76.7%). In the non-epileptic group, the
majority of subjects were male (53.1%), 58.3% had bach-
elor’s and master’s degrees, 57.1% were married, 60%
were employed, and 70% were of middle socioeconomic
status. These study groups demonstrated no significant dif-
ferences in the demographic variables.

Table 1 presents the emotional processing scores of the
study groups (epileptic and non-epileptic). According to
the results, the mean value of emotional processing com-
ponents in the people with epilepsy was higher than that of
the non-epileptics.

MANCOVA was used for data analysis. Prior to the
MANOVA test, the Kolmogorov-Smirnov test was used
for establishing the normality of the study variables. The
non-significance of the test indicated that all studied vari-
ables had normal distribution (P<0.05).

The MANOVA data regarding emotional processing in
the epileptic and non-epileptic groups are presented in

Table 1. Mean+SD scores of the emotional processing subscales in the patients with TLE and the non-epileptic group

MeantSD
Variables
TLE Group Non-epileptic Group
Intrusion 17.13+3.77 13.5845.10
Suppression 7.08+3.75 5.39+3.23
The lack of attunement 8.42¥3.51 6.303.34
The lack of control 7.38+4.10 4.91+3.10
Dissociation 7.46+3.37 5.98+2.46
Avoidance 7.43+2.91 6.15+2.70
Discordant 16.30+5.95 9.8414.42
Externalization 7.43+2.45 6.08+2.42
Effect Tests Value F Hypothesis df Error df P Partial Eta Squared
Pilla’s Trace 0.327 6.75 8 111 0.001 0.327
Wilk’s Lambda 0.673 6.75 8 111 0.001 0.327
Group
Hoteling’s Trace 0.487 6.75 8 111 0.001 0.327
Roy’s Largest Root 0.487 6.75 8 111 0.001 0.327
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Table 3. The results of between-subject effects of emotional processing subscales in patients with TLE and non-epileptics

. Type Il Sum of Mean Partial Eta
Source Dependent Variable sa df square F P sq i
Intrusion 379.55 1 379.55 18.81 0.000 0.138
Suppression 85.76 1 85.76 6.96 0.009 0.056
The lack of attunement 134.94 1 134..94 11.46 0.001 0.089
The lack of control 183.34 1 183.34 13.82 0.000 0.105
Group
Dissociation 65.88 1 65.88 7.54 0.007 0.060
Avoidance 49.90 1 49.90 6.31 0.013 0.051
Discordant 1254.09 1 1254.09 45.58 0.000 0.279
Externalization 54.67 1 54.67 9.17 0.003 0.072
Intrusion 2380.31 118 20.17
Suppression 1452.96 118 12.31
The lack of attunement 1388.70 118 11.76
The lack of control 1564.67 118 13.26
Error
Dissociation 1030.70 118 8.73
Avoidance 932.96 118 7.90
Discordant 3246.07 118 27.50
Externalization 703.31 118 5.96

Table 4. The MANOVA results for emotional processing subscales between the early- and late-onset TLE groups

Effect Tests Value F Hypothesis df Error df P Partial Eta Squared
Pilla’s Trace 0.328 3.11 8 51 0.006 0.328
Wilk’s Lambda 0.672 3.11 8 51 0.006 0.328
Group
Hoteling’s Trace 0.488 3.11 8 51 0.006 0.328
Roy’s Largest Root 0.488 3.11 8 51 0.006 0.328

Table 2. the obtained F ratio was significant at the level of
99%. As a result, the groups (epileptic and non-epileptic)
were different, at least in terms of one of the dependent
variables (emotional processing) (Table 2).

The obtained data on between-group differences in emo-
tional processing subscales are presented in Table 3. The
between-subject effects were significant in all compo-
nents of emotional processing between the study groups
(P<0.05). In other words, emotional processing dysfunc-
tion in patients with TLE was more than of the non-epi-
leptic group.

The MANOVA results regarding the emotional process-
ing function between the early- and late-onset TLE pa-
tients are presented in Table 4. The obtained F ratio was
significant at the level of 99%. As a result, the groups (epi-
leptic and non-epileptic) were different, at least in terms of
one subscale of emotional processing.

According to Table 5, the between-subject effects were
significant for three subscales, including intrusion, the lack
of attunement, and dissociation between the study groups
(P<0.05). In other words, emotional processing in the sub-
scales of including discordant, the lack of attunement, and
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Table 5. The results of between-subject effects of emotional processing subscales between the early- and late-onset TLE groups

ial E
Source Dependent variable U UIERTIC df Mean F P e
Squares Squared Squared
Intrusion 57.38 1 57.38 4.24 0.044 0.068
Suppression 20.82 1 20.82 1.48 0.228 0.025
The lack of attunement 58.51 1 58.51 5.06 0.028 0.080
The lack of control 12.53 1 12.53 0.74 0.393 0.013
Group

Dissociation 113.51 1 113.51 11.79 0.001 0.169
Avoidance 17.48 1 17.48 2.09 0.153 0.035
Discordant 2.15 1 2.15 0.06 0.808 0.001
Externalization 6.66 1 6.66 1.10 0.298 0.019

Intrusion 784.89 58 13.53

Suppression 813.05 58 14.01

The lack of attunement 669.59 58 11.54

The lack of control 981.55 58 16.92

Error

Dissociation 558.19 58 9.62

Avoidance 483.83 58 8.34

Discordant 2089.35 58 36.02

Externalization 350.06 58 6.03

dissociation were higher in patients with early-onset TLE,
than the late-onset group.

4. Discussion

This study aimed to identify the emotional processing
function in patients with TLE. The present study results
supported the hypothesis concerning the maladaptive
emotional processing styles components between TLE
patients versus healthy individuals. The research findings
suggested the inappropriate emotional processing styles,
including intrusion, suppression, the lack of attunement,
the lack of control, dissociation, avoidance, discordant,
and externalized, were more common in patients with
TLE. The larger eta effect size belonged to the discordant
(difficulties in emotional recognition and experience), in-
trusion (inadequate emotional processing), and the lack of
control (difficulties in emotional control and expression).
Therefore, the emotional processing was impaired in all
3 domains of emotional processing styles (difficulties in
emotional recognition and experience, difficulties in emo-
tional control and expression, & inadequate emotional

processing), compared to the non-epileptics. Based on
the quantity of, the effect size, the more impairment was
respectively observed in difficulties in emotional recogni-
tion and experience, inadequate emotional processing, and
difficulties in emotional control and expression.

A study investigated emotion-processing styles in pa-
tients with Psychogenic Non-Epileptic Seizures (PNES);
the relevant data suggested more deficiencies of emotion
processing across all dimensions of emotional processing
styles in patients with PNES, compared to healthy indi-
viduals (Novakova, Howlett, Baker, & Reuber, 2015).
Furthermore, various studies reported the deficiency of
facial emotion processing in TLE patients and suggested
further difficulties in emotion recognition in these patients,
compared to the non-epileptics; these findings were in line
with those of the present study (Wendling et al., 2013;
Amlerova et al., 2014; Meletti et al., 2014; Monti, &
Meletti, 2015). However, scholars overlooked exploring
emotional processing styles in TLE patients.
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Bartolomei et al. (2005) stated that severe emotional
changes in epileptic patients are associated with decreased
concurrency between signals recorded from neural net-
works involved in emotional processing; such alternations
could especially be detected between the orbital-frontal
cortex and the amygdala. Impairments in functional com-
munication cause disruption in emotion regulation and
altered behaviors during seizures, such as severe restless-
ness, anger expression, and fear in patients.

The second study hypothesis about more frequent dys-
functions in emotional processing in early-onset TLE
patients, compared to the late-onset TLE group was also
supported. The emotional processing was compared in the
early- and late-onset groups in terms of the three compo-
nents, including dissociation (emotional separation), the
lack of attunement (attitude towards the ineffectiveness of
the emotions or them being meaninglessness) and intru-
sion (continuous, repetitive and disturbing negative emo-
tional experiences, and the slow stifling or suppression of
negative emotions); accordingly, those with early-onset
epilepsy used these three emotional strategies more often,
compared to the late-onset group. Moreover, the eta effect
size was more significant for dissociation, the lack of at-
tunement, and intrusion, respectively, in them. Besides,
the early-onset of epilepsy (i.e. <6 years) is associated with
poorer emotional processing as well as impaired ability in
facial emotion recognition. Studies have reported such de-
fects in children with TLE (Brand et al., 2012).

Meletti et al. (2003) studied the ability to recognize fa-
cial emotion processing in Drug-Resistant Focal Epilepsy
(DRFE) patients. They concluded that seizures with fever
and early-onset epilepsy are strongly linked to the severity
of emotion recognition deficits.

Some studies have also indicated that early-onset epilepsy
and its location (the right hemisphere or in both hemi-
spheres) results in more deficits in processing emotions,
such as fear, sadness, and disgust than anger and happiness
(Tanaka et al., 2013).

Another study assessed facial emotion recognition in 140
patients with chronic TLE for 5 years; they reported exten-
sive defects in recognizing negative emotions in the stud-
ied samples. Specifically, those with early-onset epileptic
seizures that occurred in the right hemisphere or both
hemispheres had more severe emotional deficits (Bonora
etal., 2011).

Additionally, Amlerova et al. (2014) argued that emotion
recognition and social cognition in individuals with TLE
are influenced by some characteristics, including early-

onset epilepsy, longer duration of illness, and a history of
damage and brain injury in early childhood. Therefore, the
present study findings are consistent with those of the pre-
vious studies.

A limitation of this study was using self-administrated
questionnaires in assessing emotional processing. These
questionnaires may be limited, particularly in identifying
emotional processing, and may not be as accurate as ob-
jective instruments on how emotions are processed. More-
over, to obtain social approval, the study participants may
have had a positive bias. Using more objective measure-
ments is suggested for future studies. In addition, further
research could measure patients’ other emotional func-
tions concerning their social context and level of emotion-
al, social adjustment through interviews and specialized
checklists. Besides, in previous studies, no specific criteria
were considered for early- or late-onset TLE, and we also
used the age of 6 years considered by previous studies; ac-
cordingly, in future studies, this issue needs to be regarded
more closely and based on further evidence on the patho-
physiology of the early- or late-onset TLE diseases.

Regarding recognition and understanding, emotional
dysfunctions, such as emotional processing styles, could
be useful for the complementary treatment and prevention
of exacerbation of emotional dysfunction. Furthermore,
neurologists could refer to psychotherapists for additional
psychological interventions that provide some skills to
overcome the interpersonal and social communication
deficiency induced by emotional processing dysfunctions.

5. Conclusion

The obtained results suggested that emotional processing
in the TLE patients was more maladaptive, compared to
the non-epileptics. Moreover, the study findings revealed
that early-onset TLE patients had more dysfunctions in
emotional processing, compared to the late-onset TLE in-
dividuals.
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