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Abstract 

Background:  Epilepsy can be treated with antiepileptic drugs (AEDs) which may have psychiatric and behavioral 
side effects. Additionally, the availability of new AEDs has increased, and our understanding of variability to combina-
tions of several AEDs has evolved. Based on the treatment outcomes of carbamazepine, valproate, and clonazepam, 
this study aims to compare the cognitive function, personality, and psychological issues associated with these drugs 
and evaluate seizure-related factors related to them. Only 139 participants were included. Clonazepam was used as an 
add-on antiepileptic drug. Participants were categorized into five groups: group 1, carbamazepine; group 2, valproate; 
group 3, carbamazepine and clonazepam; group 4, valproate and clonazepam; and group 5, epileptic patients with-
out AED. All participants were assessed using the Wechsler Adult Intelligence Scale (WAIS), Structured Interview for 
the Five-Factor Personality Model (SIFFM), Hamilton Anxiety and Depression Rating Scale, and Minnesota Multiphasic 
Personality Inventory-2 (MMPI-2).

Results:  In the WAIS, group 1 had the worst mean of verbal intelligence quotient (IQ). Moreover, group 3 was more 
vulnerable in symptomatic response in all subscales of MMPI-2 except the masculinity–femininity subscale and a high 
percentage in moderate severity of anxiety and depression in the Hamilton scales.

Conclusions:  The use of clonazepam and carbamazepine might increase the incidence of behavioral problems espe-
cially increased severity of anxiety and depression and decreased performance IQ compared with either clonazepam 
or carbamazepine alone. Moreover, patients with carbamazepine treatment might have more personality changes 
and lowered verbal IQ than others.
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Background
Epilepsy is a chronic neurodevelopmental disorder sig-
nificantly associated with cognitive and neuropsychiat-
ric comorbidities, adversely affecting epileptic patients’ 
life [1]. Antiepileptic drugs (AEDs) are used to control 
epilepsy. Both epilepsy and using AED in patients have 

prevalent cognitive impairments and psychiatric and 
behavioral side effects (PBSE). Both mild behavioral 
modifications to severe depression and even suicide can 
include these effects [2].

Cognitive impairments in epilepsy result from com-
plex interactions between etiology, seizures, interictal 
discharges, and AED [3]. To date, there is no specific 
treatment for these patients’ cognitive impairment [4]. 
Meanwhile, the potential effect for all AED to have the 
negative side is that it slows down cognition. This is due 
to the drug’s nature that inhibits brain “over-activity.” 
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Some symptoms can improve with time; for example, 
72% of patients treated with clobazam showed improve-
ment in cognition [5]. Also, some AED had minimal 
cognitive side effects as valproic acid. The cognitive side 
effects of AEDs generally decrease after dose reduction 
or discontinuation [6].

Individuals with epilepsy have a high prevalence of psy-
chiatric comorbidity. A previous study for 1058 epilep-
tic patients reported that epileptic people are associated 
with psychiatric comorbidity, and men have a common 
complaint of aggression, depression, irritability, anxiety, 
and mood instability. In contrast, women and patients 
with focal-onset seizures commonly have psychiatric 
diagnoses. Moreover, patients with generalized seizures 
and patients receiving sodium channel-blocking AEDs 
are less common have psychiatric problems [7]. In addi-
tion, AED treatment can negatively affect mood and 
behavior and further complicate the situation [2]. It is 
believed that as many as 30% of newly diagnosed patients 
and 50% of those with drug-resistant epilepsy are affected 
[8]. Depression, anxiety disorders, and psychosis are 
especially common [9]. Thus, it is challenging to recom-
mend AED treatment especially to patients with psychi-
atric symptoms [10].

Epilepsy patients also display personality traits, such 
as low self-directedness, the high pursuit of novelty, 
avoidance of harm, and impulsiveness [11]. In epileptic 
patients, a relationship had been observed between the 
changes of personality and behavioral problems as neu-
rotics have been strongly consistent with widespread 
evidence showing that it is a risk factor in developing 
depression in the general population [12]. The effect of 
AED on personality changes is still unclear.

Additionally, the availability of new AEDs has 
increased, and our understanding of variability between 
patients or within the same patient treated with one 
AED, or combinations of several AEDs, has evolved [13]. 
So, the AED effect on comorbid conditions needs to be 
investigated. Moreover, it is clinically important and 
useful to obtain information about the incidence rate of 
PBSE in patients treated with AED to choose the appro-
priate AED treatment method [14].

Benzodiazepines (BDZ) are frequently employed in the 
management of epilepsy, using their properties as cen-
tral nervous system (CNS) depressants to reduce seizure 
activity or as an adjunctive medication to avoid seizures. 
Clobazam and clonazepam are good choices for seizure 
control in people with epilepsy that are refractory to vari-
ous antiepileptic medications. Because of its affinity with 
the GABA-A receptor alpha-2 subunit, clonazepam is the 
most used benzodiazepine for the long-term treatment of 
epilepsy [15]. However, clonazepam is usually used to add 
to other antiepileptic drugs that consider a challenge for 

studying its long effect on epileptic patients. We aimed 
to study carbamazepine and valproic acid as previously 
studied in many research studies and compare them with 
long-term clonazepam as add-on therapy. Therefore, 
based on the treatment outcomes of carbamazepine, val-
proate, and clonazepam, this study aimed to compare the 
cognitive function, personality, and psychological issues 
associated with these antiepileptic drugs as well as to 
evaluate seizure-related factors associated with them.

Methods
Participants and procedures
This is a cross-sectional case–control study. All partici-
pants included 139 patients admitted from March 2021 
to June 2021 at the Assiut University Hospital adult out-
patient epilepsy clinic. The following inclusion criteria 
are fulfilled for all enrolled patients: (1) age between 18 
and 50 years and (2) matching the clinical, imaging, and 
electroencephalographic (EEG) diagnosis symptoms of 
idiopathic epilepsy.

In our epilepsy clinic, clonazepam is a good choice for 
seizure control in people with epilepsy that are refractory 
to various antiepileptic medications and is mostly used 
as add-on medication to the other AED. Through the 
indirect method, we studied clonazepam and evaluated 
its clinical efficacy compared to carbamazepine and val-
proate alone. In this research, 99 epileptic patients with 
AED and 40 epileptic patients without AED (new diag-
nosis with epilepsy) were assigned as the control group. 
So, the participants were classified into different groups 
based on the drugs administered: group 1, carbamaz-
epine; group 2, valproate; group 3, carbamazepine and 
clonazepam; group 4, valproate and clonazepam; and 
group 5, epileptic patients without AED.

Measure
After written informed consent was obtained from the 
participants, the studied samples had the following.

A detailed interview with personal demographic data
A detailed interview with personal demographic data, 
such as age, sex, education, history of occupation, past 
medical history, family history, and medical, neurologi-
cal, and psychiatric disorders, was conducted.

Information on the clinical features of epilepsy
Information on the clinical features of epilepsy, includ-
ing the duration of epilepsy, the duration of drug intake, 
the frequency of seizures, the type of seizure, and the use 
of AED, was collected from all participants. Neuroimag-
ing findings were obtained and analyzed to confirm the 
absence of structural changes.
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Intelligence assessment using the Arabic version 
of the Wechsler Adult Intelligence Scale (WAIS)
The test consists of six verbal subtests and five per-
formance subtests. All of the samples studied were 
obtained in accordance with the Deterioration Index. 
In each subtest, we calculated the score and got the 
quotient of verbal intelligence (VIQ), performance 
intelligence quotient, and full intelligence quotient. 
Cognitive function was assessed at least 1 week after 
the last attack in epileptic patients to avoid interference 
from transient cognitive impairment after seizures.

Conventional EEG study
Eight-channel standard wakefulness EEG was con-
ducted using the Nihon Kohden system model (4217). 
With hyperventilation and photostimulation for each 
patient, monopolar, bipolar, and double-distance mon-
tages were performed. In terms of background activ-
ity and the presence of any epileptogenic activity, EEG 
tracings were carefully analyzed.

The Structured Interview for the Five‑Factor Personality 
Model (SIFFM) [16]
The Five-Factor Personality Model is a model based on 
general language personality descriptors, and its theory 
suggests five broad dimensions that are commonly used 
to describe human personality [11, 12]. The five fac-
tors defined by the acronyms OCEAN or CANOE were 
openness to experience, conscientiousness, extraver-
sion, agreeableness, and neuroticism.

Assessment of the Hamilton Depression Rating Scale [17]
It is a clinical rating scale for assessing depression 
severity. The total score is obtained by summing each 
item’s score (0–4) (symptom is absent, mild, moderate, 
or severe). Scores can range from 0 to 54 for the 17-item 
version. Moreover, total scores of 0 to 7 do not indicate 
depression, scores of 8 to 13 indicate mild depression, 
scores of 14 to 18 indicate moderate depression, scores 
of 19 to 22 indicate severe depression, and scores of 23 
or more indicate very severe depression.

The Hamilton Anxiety Rating Scale [18]
The Hamilton Anxiety Rating Scale [18] is a clinician-
rated scale intended to analyze the severity of anxiety. 
The scale consists of 14 items. Each item is scored on 
a scale from 0 (not present) to 4 (severe), with a total 
score range of 0–56, wherein the overall score is 0–13 

= normal, 14–17 = mild anxiety, 18–24 = moderate 
anxiety, and 25–30 = severe anxiety.

The Minnesota Multiphasic Personality Inventory‑2 (MMPI‑2) 
[19]
The Minnesota Multiphasic Personality Inventory-2 
(MMPI-2) [19] is a psychological test with a range of 
symptoms of psychopathology and personality traits that 
are maladaptive. It is designed with 10 clinical scales that 
evaluate 10 major categories of abnormal human behav-
ior and four validity scales that assess the test’s accuracy. 
The clinical scales include the following: 1, hypochondri-
asis (Hs); 2, depression (D); 3, hysteria (Hy); 4, psycho-
pathic deviation (Pd); 5, masculinity–femininity (Mf); 
6, paranoia (Pa); 7, psychophrenia (Pt); 8, schizophrenia 
(Sc); 9, hypomania (Ma); and 10, social introversion (Si). 
According to the T-score, more than 65 responses were 
considered symptomatic in each clinical subscale, 45–65 
borderline, and less than 45 normal.

Statistical analysis
Data were gathered and analyzed using Statistical Pack-
age for the Social Science (SPSS, version 26). Continuous 
data were expressed as mean ± standard error, whereas 
nominal data were expressed as frequency (percentage). 
In this study, the chi-square test was used to compare 
nominal data, whereas the Kruskal-Wallis test was used 
to compare continuous data from different groups. The 
correlation model was done by Spearman coefficients. 
The confidence level was maintained at 95%, and the P 
value was considered significant if it was < 0.05.

Results
Demographic data
In this study, 139 participants had been recruited: 99 epi-
leptic patients with AED and 40 epileptic patients with-
out AED. Of the 99 epileptic patients, four groups were 
classified by type of antiepileptic medication. A statisti-
cally significant difference regarding age, sex, marital 
status, and education was observed (P <0.05), as shown 
in Table  1. Group 1 has the highest mean age (41.86 ± 
12.56), whereas group 2 has the lowest mean age (27.83 
± 6.32). Males were more prominent in all groups, except 
group 1  (28.6%) and group 4 (40%). Most of the partici-
pants were illiterate, except for group 2, who had a high 
percentage of high educational levels (66.7%) relative to 
illiterate level. All studied groups had a high percentage 
of being married and not working except group 2.

Clinical features of epilepsy among participants
Significant statistical differences in seizure frequency, 
type of seizure, and EEG changes (P < 0.001) are shown 
in Table  2. Most participants had seizures less than six 
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times per month, with disease duration and 5–10 years 
of drug intake and non-specific EEG changes. The gener-
alized type was the most prominent in all groups except 

groups 1 and 3. On the other hand, group 3 presented 
with myoclonic-absence seizures, whereas group 1 pre-
sented with partial seizures.

Table 1  Demographic data of studied groups

Group 1: carbamazepine, group 2: valproate, group 3: carbamazepine and clonazepam, group 4: valproate and clonazepam, group 5: epileptic patients without 
antiepileptic drugs (AEDs), *significant P value

Variables Group 1
N = 35
N (%)

Group 2
N=18
N (%)

Group 3
N = 31
N (%)

Group 4
N = 15
N (%)

Group 5
N = 40
N (%)

P value

Age (mean ±SE) 41.86 ± 12.56 27.83 ± 6.32 37.35 ± 8.63 34.80 ± 12.63 36.13 ± 11.13 0.002*

Sex
  Male 10 (28.6%) 15 (83.3%) 21 (67.7%) 6 (40%) 31 (51.5%) 0.001*

  Female 25 (71.4%) 3 (16.7%) 10 (32.3%) 9 (60%) 29 (48.3%)

Marital status
  Single 8 (22.9%) 9 (50%) 11 (35.5%) 3 (20%) 20 (33.3%) 0.03*

  Married 25 (71.4%) 9 (50%) 18 (58%) 9 (60%) 38 (63.3%)

  Divorce 0 (0%) 0 (0%) 2 (6.5%) 0 (0%) 0 (0%)

  Widow 2 (5.7%) 0 (0%) 0 (0%) 3 (20%) 2 (3.3%)

Education
  Illiterate 32 (91.4%) 6 (33.3%) 25 (80.6%) 9 (60%) 33 (55%) 0.000*

  Primary education 0 (0%) 0 (0%) 3 (9.7%) 0 (0%) 10 (16.7%)

  High education 3 (8.6%) 12 (66.7%) 3 (9.7%) 6 (40%) 17 (28.3%)

Occupation state
  Not working 28 (80%) 9 (50%) 17 (54.8%) 9 (60%) 33 (55%) 0.172

  Employers 7 (20%) 9 (50%) 14 (45.2%) 6 (40%) 27 (45%)

Table 2  Clinical features of epilepsy among participants

Group 1: carbamazepine, group 2: valproate, group 3: carbamazepine and clonazepam, group 4: valproate and clonazepam, group 5: epileptic patients without 
antiepileptic drugs (AEDs), *significant P value

Variables Group 1
N = 35
N (%)

Group 2
N = 18
N (%)

Group 3
N = 31
N (%)

Group 4
N = 15
N (%)

Group 5
N = 40
N (%)

P value

Frequency of seizures
  Less than 6 times\month 35 (100%) 15 (83.3%) 28 (90.3%) 9 (60%) 32 (80%) 0.000*

  More than 6 times\month 0 (0%) 3 (16.7%) 3 (9.7%) 6 (40%) 8 (20%)

Type of seizures
  Generalized 0 (0%) 18 (100%) 20 (70.9%) 15 (100%) 21 (52.5%) 0.000*

  Partial 35 (100%) 0 (0%) 5 (16.1%) 0 (0%) 19 (47.5%)

  Absence 0 (0%) 0 (0%) 2 (6.5%) 0 (0%) 0 (0%)

  Myoclonus 0 (0%) 0 (0%) 2 (6.5%) 0 (0%) 0 (0%)

Duration of illness
  Less than 5 years 11 (31.4%) 1 (5.6%) 11 (35.5%) 0 (0%) 40 (100%) 0.001*

  5–10 years 18 (51.4%) 5 (27.8%) 10 (32.3%) 12 (80%) 0 (0%)

More than 10 years 6 (17.1%) 12 (66.7%) 10 (32.3%) 3 (20%) 0 (0%)

EEG changes
  Non-specific changes 27 (77.2%) 8 (44.4%) 19 (61.3%) 12 (80%) 14 (35%) 0.0003*

  Generalized 0 (0%) 10 (55.6%) 3 (9.7%) 3 (20%) 15 (37.5)

Focal 8 (22.8%) 0 (0%) 9 (29%) 0 (0%) 11 (27.5%)

  1. Temporal site 6 (17.1%) 0 (0%) 7 (22.5%) 0 (0%) 7 (17.5%)

  2. Frontal site 2 (5.7%) 0 (0%) 2 (6.5%) 0 (0%) 4 (10%)
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The Wechsler Adult Intelligence Scale
Table  3 shows that all subscales of WAIS have signifi-
cant statistical differences (P < 0.001) except total IQ. 
Group 5 had the highest mean score among the differ-
ent groups in all WAIS subscales. Group 1 and group 
4 had the lowest mean of verbal IQ (79.35 ± 0.56 and 
79.8 ± 0.2, respectively), whereas group 3 and group 4 
had the lowest mean of performance IQ and total IQ. 
It was observed that group 3 had the worst mean score 
for the Deterioration Index (DI) (9.162 ± 1.249), fol-
lowed by group 1 (9.128 ± 1.3), group 4 (9.05 ± 2.9), 
and group 2 (8.9 ± 2.06).

The Structured Interview for the Five‑Factor Model 
of Personality (SIFFM)
Significant statistical differences were observed in all 
subscales of SIFFM, except the agreeableness subscale 
(P < 0.05), as shown in Table  4. In the neuroticism, 
extraversion, agreeableness, and conscientiousness 
subscales, all groups demonstrate a significant percent-
age of intermediate response relative to low and high 
responses. With regard to neuroticism and agreea-
bleness, the highest percentage of response rates was 
observed in group 1 and group 3 (11.43% vs. 6.45%) 
(2.9% vs. 3.2%), respectively. The only group with high 
response rates in the conscientiousness subscale were 

Table 3  The Wechsler Adult Intelligence Scale among the studied samples

Group 1: carbamazepine, group 2: valproate, group 3: carbamazepine and clonazepam, group 4: valproate and clonazepam, group 5: epileptic patients without 
antiepileptic drugs (AEDs), *significant P value, DI Deterioration Index

Variables Group 1
N = 35
Mean ± SE

Group 2
N = 18
Mean ± SE

Group 3
N = 31
Mean ± SE

Group 4
N = 15
Mean ± SE

Group 5
N = 40
Mean ± SE

P value

Verbal IQ 79.35 ± 0.56 81.5 ± 0.45 80.8 ± 0.8 79.8 ± 0.2 87.3 ± 0.4 0.001*

Performance IQ 92.41 ± 0.71 92 ± 0.91 88.96 ± 0.8 91 ± 0.67 94 ± 0.8 0.007*

Total IQ 83.02 ± 0.4 84.6 ± 1.4 82.3 ± 0.5 82.2 ±0.106 89.6 ± 0.5 0.108

DI 9.12 ± 1.3 8.9 ± 2.06 9.16 ± 1.24 9.05 ± 2.9 1.16 ± 1.38 0.001*

Table 4  The distribution of the Structured Interview for the Five-Factor Model of Personality among the studied samples

Group 1: carbamazepine, group 2: valproate, group 3: carbamazepine and clonazepam, group 4: valproate and clonazepam, group 5: epileptic patients without 
antiepileptic drugs (AEDs), *significant P value

Variables Group 1
N = 35
N (%)

Group 2
N = 18
N (%)

Group 3
N = 31
N (%)

Group 4
N = 15
N (%)

Group 5
N = 40
N (%)

P value

Neuroticism
  Low 8 (22.86%) 0 (0%) 0 (0 %) 3 (20%) 10 (25%) 0.017*

  Intermediate 23 (65.71) 18 (100%) 29 (93.55%) 12 (80%) 28 (70%)

  High 4 (11.43%) 0 (0%) 2 (6.45%) 0 (0%) 2 (5%)

Extraversion
  Low 9 (25.7%) 0 (0%) 8 (25.8%) 0 (0%) 6 (15%) 0.002*

  Intermediate 26 (74.3%) 15 (83.3%) 23 (74.2%) 15 (100%) 27 (67.5%)

  High 0 (0%) 3 (16.7%) 0 (0%) 0 (0%) 7 (17.5%)

Openness to experience
  Low 26 (74.3%) 9 (50%) 28 (90.3%) 12 (80%) 29 (72.5%) 0.038*

  Intermediate 9 (25.7%) 9 (50%) 3 (9.7%) 3 (20%) 11 (27.5%)

Agreeableness
  Low 2 (5.7%) 0 (0%) 1 (3.2%) 0 (0%) 4 (10%) 0.614

  Intermediate 32 (91.4%) 18 (100%) 29 (93.5%) 15 (100%) 36 (90%)

  High 1 (2.9%) 0 (0%) 1 (3.2%) 0 (0%) 0 (0%)

Conscientiousness
  Low 10 (28.6%) 0 (0%) 12 (38.7%) 0 (0%) 10 (25%) 0.025*

  Intermediate 24 (68.6%) 18 (100%) 19 (61.3%) 15 (100%) 30 (75%)

  High 1 (2.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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group 1 (2.9%). On the other hand, a high percentage of 
extraversion response rates has been observed in group 
2 and group 5 (16.7% and 17.5%, respectively).

The Minnesota Multiphasic Personality Inventory‑2 
(MMPI‑2)
Table  5 shows all subscales of MMPI-2 have significant 
statistical differences (P < 0.001). In the psychopathic 
deviate, schizophrenia, and social introversion subscales, 

Table 5  The Minnesota Multiphasic Personality Inventory (MMPI-2) among the studied samples

Group 1: carbamazepine, group 2: valproate, group 3: carbamazepine and clonazepam, group 4: valproate and clonazepam, group 5: epileptic patients without 
antiepileptic drugs (AEDs), *significant P value

MMPI-2 variables Group 1
N = 35
N (%)

Group 2
N = 18
N (%)

Group 3
N = 31
N (%)

Group 4
N = 15
N (%)

Group 5
N = 40
N (%)

P value

Hypochondriasis
  Normal 4 (11.4%) 3 (16.7%) 4 (12.9%) 0 (0%) 14 (35%) 0.000*

  Borderline 23 (65.7%) 12 (66.7%) 15 (48.4%) 15 (100%) 26 (65%)

  Symptomatic 8 (22.9%) 3 (16.7%) 12 (38.7%) 0 (0%) 0 (0%)

Depression
  Normal 14 (40%) 3 (16.7%) 1 (3.2%) 9 (60%) 30 (75%) 0.000*

  Borderline 10 (28.6%) 12 (66.7%) 14 (45.2%) 3 (20%) 10 (25%)

  Symptomatic 11 (31.4%) 3 (16.7%) 16 (51.6%) 3 (20%) 0 (0%)

Conversion hysteria
  Normal 5 (14.3%) 3 (16.7%) 4 (12.9%) 3 (20%) 17 (42.5%) 0.000*

  Borderline 21 (60%) 12 (66.7%) 12 (38.7%) 9 (60%) 23 (57.5%)

  Symptomatic 9 (25.7%) 3 (16.7%) 15 (48.4%) 3 (20%) 0 (0%)

Psychopathic Deviate
  Normal 14 (40%) 9 (50%) 6 (19.4%) 0 (0%) 33 (82.5%) 0.000*

  Borderline 20 (57.1%) 9 (50%) 18 (58.1%) 15 (100%) 7 (17.5%)

  Symptomatic 1 (2.9%) 0 (0%) 7 (22.6%) 0 (0%) 0 (0%)

Masculinity–femininity
  Normal 7 (20%) 12 (66.7%) 8 (25.8%) 0 (0%) 19 (47.5%) 0.000*

  Borderline 17 (48.6%) 6 (33.3%) 21 (67.7%) 15 (100%) 12 (30%)

  Symptomatic 11 (31.4%) 0 (0%) 2 (6.5%) 0 (0%) 9 (22.5%)

Paranoia
  Normal 20 (57.1%) 9 (50%) 9 (29%) 6 (40%) 33 (82.5%) 0.000*

  Borderline 14 (40%) 9 (50%) 14 (45.2%) 9 (60%) 6 (15%)

  Symptomatic 1 (2.9%) 0 (0%) 8 (25.8%) 0 (0%) 1 (2.5%)

Psychasthenia
  Normal 17 (48.6%) 3 (16.7%) 9 (29%) 9 (60%) 33 (82.5%) 0.000*

  Borderline 18 (51.4%) 15 (83.3%) 17 (54.8%) 6 (40%) 7 (17.5%)

  Symptomatic 0 (0%) 0 (0%) 5 (16.1%) 0 (0%) 0 (0%)

Schizophrenia
  Normal 16 (45.7%) 9 (50%) 6 (19.4%) 9 (60%) 34 (85%) 0.000*

  Borderline 14 (40%) 9 (50%) 20 (64.5%) 6 (40%) 6 (15%)

  Symptomatic 5 (14.3%) 0 (0%) 5 (16.1%) 0 (0%) 0 (0%)

Hypomania
  Normal 26 (74.3%) 6 (33.3%) 16 (51.6%) 6 (40%) 32 (80%) 0.000*

  Borderline 9 (25.7%) 12 (66.7%) 9 (29%) 9 (60%) 8 (20%)

  Symptomatic 0 (0%) 0 (0%) 6 (19.4%) 0 (0%) 0 (0%)

Social introversion
  Normal 20 (57.1%) 15 (83.3%) 8 (25.8%) 9 (60%) 36 (90%) 0.000*

  Borderline 12 (34.3%) 3 (16.7%) 18 (58.1%) 6 (40%) 4 (10%)

  Symptomatic 3 (8.6%) 0 (0%) 5 (16.1%) 0 (0%) 0 (0%)
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the highest frequency of symptomatic response was 
observed in group 3 followed by group 1. On the other 
hand, the significantly highest percentage of sympto-
matic response in the masculinity–femininity subscale 
was observed in group 1 (31.4%), followed by group 5 
(22.5%) and group 3 (6.5%). The symptomatic response 
in the hypomania and psychasthenis subscales  were only 
observed in group 3.

Regarding paranoia, group 3 had the highest propor-
tion of symptomatic responses (25.8%), whereas group 
5 had the lowest proportion (2.5%). In contrast, group 3 
had the highest symptomatic response of hypochondria-
sis, conversion hysteria, and depression, whereas group 2 
had the lowest frequency.

The Hamilton Anxiety Rating Scale (HAM‑A) and Hamilton 
Depression Rating Scale (HDRS)
Statistically significant differences were observed 
between the studied groups based on results of the 
HAM-A and HDRS (P < 0.001) as shown in Table 6. In 
HAM-A, the highest frequency of mild degree of anxi-
ety was observed in group 3 (22.6%) followed by group 
1 (2.9%), whereas the significantly highest frequency of 
moderate anxiety was observed in group 3 (9.7%) fol-
lowed by group 1 (2.9%).

Based on the HDRS, the highest frequency of mild 
degree of depression was observed in group 2 (66.7%), 
followed by group 4 (60%). In contrast, the highest fre-
quency of moderate degree of depression was observed 
in group 3 (71%).

Correlation model
There is a weak positive correlation between age and DI. 
Also, the frequency of seizures had a positive correlation 
with verbal IQ and total IQ (see Table  7 in supplement 
file).

Discussion
Epilepsy is a chronic neurodevelopmental disorder and 
can be treated with AED. It is significantly important 
to study the likelihood of developing PBSE to improve 
the efficacy of AED [14] and compare each drug effect 
to help in choosing the appropriate treatment method. 
Therefore, we compared the treatment outcomes of car-
bamazepine, valproate, and clonazepam about cognitive 
function, personality, and behavioral issues in epilepsy 
and evaluated the seizure-related factors associated with 
them.

In this study, we found that all groups demonstrate 
a significant percentage of intermediate (borderline) 
response in the neuroticism, extraversion, agreeable-
ness, and conscientiousness subscales, relative to low 
(normal) and high (abnormal) responses. It was noticed 
that the carbamazepine group had the highest response 
in neuroticism (11.43%), agreeableness (2.9%), and con-
scientiousness (2.9%). In contrast, the carbamazepine 
and clonazepam group had the highest frequency in 
symptomatic response in all subscales of MMPI-2 except 
the masculinity–femininity subscale. Also, based on the 
Hamilton scales, the carbamazepine and clonazepam 
group had a high percentage in moderate severity of anx-
iety and depression.

Carbamazepine (CBZ) is commonly used in the treat-
ment of focal epilepsy [20]. Moreover, dysfunctional per-
sonality patterns vary depending on the epileptogenic 
zone. This may explain the high percentage of personality 
changes in the carbamazepine group. It was noticed that 
the presence of depression might trigger the participants 
to report their premorbid personality erroneously; avail-
able evidence supports the consistency in personality 
reports, including neuroticism [21].

Regarding psychiatric disorders, for decades, the treat-
ment of psychiatric disorders has been based on anti-
convulsant medications. The biochemical mechanisms 

Table 6  The Hamilton Anxiety Rating Scale (HAM-A) and Hamilton Depression Rating Scale (HDRS) among the studied samples

Group 1: carbamazepine, group 2: valproate, group 3: carbamazepine and clonazepam, group 4: valproate and clonazepam, group 5: epileptic patients without 
antiepileptic drugs (AEDs), *significant P value

Variables Group 1
N = 35
N (%)

Group 2
N=18
N (%)

Group 3
N=31
N (%)

Group 4
N=15
N (%)

Group 5
N=40
N (%)

P value

HAM-A
  Normal 33 (94.3%) 18 (100%) 21 (67.7%) 15 (100%) 40 (100%) 0.001*

  Mild 1 (2.9%) 0 (0%) 7 (22.6%) 0 (0%) 0 (0%)

  Moderate 1 (2.9%) 0 (0%) 3 (9.7%) 0 (0%) 0 (0%)

HDRS
  Normal 16 (45.7%) 3 (16.7%) 5 (16.1%) 3 (20%) 26 (65%) 0.000*

  Mild 11 (31.4%) 12 (66.7%) 4 (12.9%) 9 (60%) 14 (35%)

  Moderate 8 (22.9%) 3 (16.7%) 22 (71.0%) 3 (20%) 0 (0%)
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behind their antiseizure activity can also lead to mood 
and behavior stabilization [22]. As a mood stabilizer in 
acute mania and/or as a maintenance treatment of bipo-
lar disorder in adults, valproate and carbamazepine are 
proven to be effective in preventing recurrence [23]. In 
contrast, the incidence of PBSE can increase with the 
increase in the dose of AED [24]. Further research is 
needed on the relation between AED action mechanisms 
and psychiatric symptoms which involves numerous cor-
tical and subcortical brain systems; brain areas, such as 
the hippocampus; and ion channel and neurotransmit-
ter systems, including monoamines, glutamates, and 
gamma-aminobutyric acid [9]. Previous studies consid-
ered psychological variables (stressful life events, ancient 
history of depression, neuroticism, social support) [25]. 
Another previous study has shown a high stigma preva-
lence and a subsequent risk of depression especially in 
epileptic patients (refractory epilepsy, mesial temporal 
sclerosis, or postsurgical PWE) [26].

In this study, based on the WAIS, the carbamazepine 
group had the worst mean of verbal IQ, whereas the val-
proate group had the worst mean of performance IQ. 
Valproate and clonazepam had the worst mean of DI 
index and the second worst mean of performance IQ and 
total IQ.

Carbamazepine was subsequently associated with ver-
bal episodic memory deficits in newly diagnosed epilepsy 
patients [27]. However, in patients and volunteers, the 
most clinically important cognitive effect of carbamaze-
pine may impair executive function, including speed and 
attention to information processing [28]. On the other 
hand, the previous study has demonstrated that valproate 
has minor adverse effects on cognitive function [29]. 
Also, it was reported that impaired motor skills improved 
after the discontinuation of valproate in a double-blind, 
placebo-controlled study [30].

In contrast, significant difficulties were found for 
long-term benzodiazepine users in the areas of working 
memory, processing speed, divided attention, vasocon-
striction, recent memory, and expressive language [31]. 
This indicates that benzodiazepine acts as a GABA-A 
receptor agonist. The GABA-A, an inhibitory neuro-
transmitter, may impact cognitive performance [32]. 
Yet, because of the distribution of GABA-A receptors 
across the CNS (e.g., cerebral cortex), benzodiazepines 
can cause certain adverse effects if chronically used 
[33]. Deleterious cognitive functions of benzodiaz-
epines, such as anterograde and retrograde amnesia, 
are likely to occur due to GABAergic activation [34]. 
Another key system thought to be affected by benzo-
diazepines is the cholinergic system. The choliner-
gic system, which is made of several structures in the 
CNS, is involved in memory storage and recovery as 

well as arousal in addition to attention and perception. 
Research shows that the cholinergic system most com-
monly involves cognitive skills like learning, memory, 
attention, and executive function, along with histamine, 
GABA, and opioid receptor paths [32].

In this study, more than half of the participants had 
a duration of illness from 5 to 10 years, frequency of 
seizure less than 6 times per month, and non-specific 
changes in EEG. In contrast, the majority of the par-
ticipants had a generalized type of seizure. In addition, 
there is a weak positive correlation between age and DI. 
Also, the frequency of seizures had a positive correla-
tion with verbal IQ and total IQ.

Regarding epilepsy-related variables, a systematic 
study for the relationship between psychiatric comor-
bidity and epilepsy-related variables reported a link 
between depression only with seizure frequencies [35]. 
In contrast, a previous study proposed that generalized 
tonic-clonic, myoclonic, and partial seizures could also 
be important risk factors for depression [36]. In addi-
tion, depression has induced stress and anxiety, seizure 
recurrence, and seizure frequency changes [37].

Although the current study has significant results, 
some limitations exist. This study not only should rely 
on measures of IQ but should also include the evaluation 
of all other cognitive domains. Several researches were 
done by using different psychometric tests to evaluate 
cognitive and psychiatric manifestation without provid-
ing normative data for patients with epilepsy to help in 
the diagnosis and treatment of those patients. Another 
limitation in this study is the small size number.

Conclusions
Overall, the results of this study found a link between 
AED and cognitive and behavioral changes in epilep-
tic patients. These findings indicate the importance of 
screening for cognitive and behavioral changes in epi-
leptic patients especially those treated by more than 
one antiepileptic drug. The use of clonazepam with 
carbamazepine might increase the incidence of behav-
ioral problems, increase the severity of anxiety and 
depression, and decrease performance IQ compared 
with using either clonazepam or carbamazepine alone. 
Furthermore, patients with carbamazepine treatment 
might have more personality changes and lowered ver-
bal IQ than any other studied drug.
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