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Abstract 

Background Epilepsy is a brain disorder affecting nearly 65 million people worldwide. It is characterized by sudden, 
transient, and uncontrolled episodes of brain dysfunction secondary to hypersynchronous abnormal discharge of 
cortical neuronal cells resulting in motor, sensory, and behavioral manifestations. Cognitive deterioration can occur 
in approximately 70–80% of epileptic patients with a variety of epilepsy-related characteristics being implicated. This 
study aimed to assess cognitive functions in a sample of patients with generalized tonic–clonic epilepsy and deter-
mine its relation to different epilepsy-related characteristics. It was designed as a case–control cross-sectional study in 
which 106 participants were enrolled and divided into two groups: a case group of fifty-three patients diagnosed with 
generalized tonic–clonic epilepsy and a control group including fifty-three healthy subjects. Sociodemographic and 
epilepsy-related characteristics and a variety of cognitive functions were assessed for both groups.

Results Epileptic patients were significantly suffering from impairment in attention, memory, visuospatial (P = 0.001), 
and language functions (P = 0.018) compared to the healthy control group.

Conclusions Epileptic patients are significantly suffering from cognitive impairment with a variety of contributing 
epilepsy-related characteristics.
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Background
Epilepsy is defined as a brain disorder generating epilep-
tic seizures; it is associated with neurobiological, cogni-
tive, psychological, and social outcomes [1]. Epilepsy 
is a common neurological disorder affecting 65 mil-
lion patients worldwide with its lifetime prevalence rate 
among the Egyptian population being 12.67/1000 [2]. 
Frequent and recurrent epileptic seizures lead to irre-
versible damage to the brain which may cause cognitive 
changes [3]. Cognitive impairment is noticed in 70–80% 

of epileptic patients; it includes memory loss, cogni-
tive slowing, and attention deficits negatively affecting 
multiple daily functions [4]. It is reported that cogni-
tive impairment in epilepsy is related to multiple factors 
including organic brain lesions, uncontrolled seizures, 
drug treatment, and previous individual mental abilities 
[5]. Cognitive dysfunction may be present even before a 
first epileptic seizure indicating a bidirectional nature of 
cognitive impairment in epilepsy [6]. This study aimed 
to assess cognitive functions in a sample of patients with 
generalized tonic–clonic epilepsy in relation to different 
epilepsy-related characteristics.
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Methods
Participants and procedures
A case–control cross-sectional study which started from 
December 2020 to June 2021 was done in which 106 par-
ticipants were enrolled and divided into two groups:

• Case group including fifty-three patients diagnosed 
with generalized tonic–clonic epilepsy who were 
attending the psychiatry and neurology outpatient 
clinic of Suez Canal University teaching hospital for 
follow-up.

 Patients older than 18 years, from both genders, and 
who can read and write were included while those 
with a history of comorbid physical and other neuro-
logical or psychiatric disorders were excluded.

• Control group including fifty-three healthy employ-
ees matching the case group regarding sociodemo-
graphic characteristics were recruited from different 
hospital departments.

The sample size was calculated according to the pro-
portion of cognitive impairment among epileptic patients 
being 60%, absolute error of precision usually equals 
10%, and the confidence interval as 1.96. The calculated 
sample size was 96 participants, but after adding the 
expected (drop-out) rate (10%), the final sample size was 
106 participants [7].

Tools
The following data were gathered from both study groups 
in the psychiatry and neurology outpatient clinic on the 
course of two appointments 1 week apart:

• Sociodemographic data including age, sex, marital 
status, socioeconomic status, educational level, and 
occupation

• Epilepsy-related characteristics including duration 
of epilepsy, seizure frequency per year, duration of 
treatment, and number of antiepileptic medications 
patients are receiving

• Psychiatric interviewing was done using M.I.N.I.—a 
brief structured diagnostic interview—for exclusion 
of current major psychiatric disorders

• Assessment of a variety of cognitive functions was 
done as follows:

– Attention

 The WAIS digit span subtest was used. The test has 
two parts: in the first part (digits forward), partici-
pants were told a series of numbers and asked to 
say them back to the examiner. In the second part 

(digits reversed), they were told a series of numbers 
but this time they were asked to say them back to 
the examiner in reverse order. The maximum score 
is 17.

– Working memory
 The WAIS digit span and arithmetic subtests were 

both used to asses working memory. The arith-
metic test consists of a series of mental arithmetic 
questions such as the following: If someone has 13 
apples, he decided to eat 5 and give away another 2 
so how many apples are left? The test has a maxi-
mum score of 14 and was designed to measure a 
number of mental tasks including the ability to hold 
information in memory while it is being used.

– Language
 The WAIS vocabulary subtest was used where par-

ticipants were presented with words and asked to 
define them. The test has a maximum score of 42 
and was developed to measure word knowledge 
and verbal concept formation.

 The WAIS similarities subtest was also used in 
which participants were presented with two words 
and asked how they are alike; for example, they were 
asked how a banana and an apple are alike. The test 
has a maximum score of 24 and is designed to assess 
verbal reasoning and concept development.

 The verbal fluency test was used as a screening 
instrument of general verbal functioning. It is a 
short test where participants are given 1  min to 
produce as many different words as possible within 
a semantic category (category fluency) or starting 
with a given letter (letter fluency). The participant’s 
score in each task is the number of different correct 
words.

– Visuospatial orientation
 The WAIS block design subtest was used where 

participants were required to copy a pattern using 
colored blocks. The test has a maximum score of 42 
and was designed to assess an individual’s ability to 
understand complex visual information.

 The WAIS digit symbol subtest was also used where 
participants were given a series of double boxes 
with a number given in the upper part. The task is 
to draw a symbol relevant to this number into the 
lower part of the boxes. Nine fixed pairs of numbers 
and symbols were given at the top of the test sheet. 
The test result is the number of boxes correctly 
filled within 90 s and 67 is the maximum score.

Statistical analysis
The data were coded and imported into the Statisti-
cal Package for the Social Sciences (SPSS version 25) 
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software. Data normality of distribution was tested 
before data analysis. All studied variables were expressed 
as means, standard deviations, and percentages. The 
chi-square test, independent samples t-test, and logistic 
regression explained the study results. The results were 
considered significant if the P value was ≤ 0.05.

Results
Nearly two-thirds of the epileptic group were males 
(56.6%), the mean age was 27.6 ± 6.6, and 64.2% were of 
middle socioeconomic status. Most of them were diag-
nosed with epilepsy and were receiving treatment for 
more than 10  years: 54.7% and 75.5% respectively. No 
statistically significant difference between both case and 
control groups was found regarding sociodemographic 
characteristics (Table 1).

The epileptic group was significantly suffering from 
cognitive impairment compared to the control group 
regarding a variety of cognitive functions: attention 
(P > 0.001), working memory (P > 0.001), language 
(P = 0.018), and visuospatial orientation (P = 0.021) 
(Table 2).

Impairment of attention and working memory among 
epileptic patients was significantly related to a variety of 
epilepsy-related characteristics including duration of epi-
lepsy (P = 0.013), seizure frequency per year (P = 0.001), 
and duration of treatment (P = 0.044). However, impair-
ment of language functions and visuospatial orientation 
was significantly related only to seizure frequency per 
year (P = 0.008) (Table 3).

Seizure frequency per year was the most epilepsy-
related characteristic predictive of cognitive impairment 
in epileptic patients as shown by regression analysis of 
all statistically significant related-epileptic characteristics 
(Table 4).

Discussion
This study aimed to assess cognitive functions in a sam-
ple of patients diagnosed with generalized tonic–clonic 
epilepsy and determine its relation with different epi-
lepsy-related characteristics. Our findings showed that 
patients with epilepsy were significantly suffering from 
cognitive impairment compared to healthy subjects. 
More than 80% of examined patients were having impair-
ment in attention, memory, language, and visuospatial 
functions. Different epilepsy-related characteristics were 
significantly related to cognitive impairment in examined 
patients including duration of epilepsy, duration of treat-
ment, and more importantly frequency of seizures per 
year which was found to be the most predictive epilepsy-
related characteristic significantly related to impairment 
in all examined cognitive domains.

Epilepsy is a group of neurological disorders charac-
terized by frequent seizures; its prevalence is 1% of the 
general population and is mostly present in the develop-
ing world. Cognition is the mental process of acquiring 

Table 1 Sociodemographic and epilepsy-related characteristics 
of the studied population

P indicates the P value for comparing between different categories

SD standard deviation
* Statistically significant at P ≤ 0.05

Epileptic group 
(n = 53)

Control group 
(n = 53)

P

Gender
 Male 30 (56.6%) 31 (58.5%)  > 0.999

 Female 23 (43.4%) 22 (41.5%)

Age (years)
 Mean ± SD 27.6 ± 6.6 28.4 ± 5.6 0.497

Socioeconomic status
 Very low 5 (9.4%) 8 (15.1%) 0.066

 Low 8 (15.1%) 18 (34.0%)

 Middle 34 (64.2%) 22 (41.5%)

 High 6 (11.3%) 5 (9.4%)

Educational level
 Can read and write 5 (9.4%) 5 (9.4%) 0.359

 Primary 8 (15.1%) 6 (11.3%)

 Preparatory 23 (43.4%) 21 (39.6%)

 Secondary 11 (20.8%) 7 (13.2%)

 College/institute 6 (11.3%) 14 (26.4%)

Marital status
 Single 30 (56.6%) 24 (45.3%) 0.331

 Married 23 (43.4%) 29 (54.7%)

Occupation
 Unemployed 29 (54.7%) 19 (35.8%) 0.068

 Day laborer 18 (34.0%) 20 (35.8%)

 Employee 6 (11.3%) 14 (28.3%)

Duration of epilepsy
 10–20 years 29 (54.7%)

  > 20 years 24 (45.3%)

 Min.–Max 12.0–35.0

 Mean ± SD 21.36 ± 6.29

Seizure frequency per year
 Min.–Max 1.0–6.0

 Mean ± SD 2.83 ± 1.63

Duration of treatment
  < 10 years 1 (1.9%)

 10–20 years 40 (75.5%)

  > 20 years 12 (22.6%)

 Min.–Max 9.0–30.0

 Mean ± SD 16.74 ± 6.19

Number of antiepileptic drugs
 Monotherapy 17 (32.1%)

 Polytherapy 36 (67.9%)
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knowledge and experience utilizing the senses of atten-
tion, memory, judgment, problem solving, decision-mak-
ing, comprehension, and language functions [8].

Cognitive impairment can occur in nearly 70–80% of 
patients with epilepsy [5]. It includes memory impair-
ment and deficits in attention, executive, and language 
functions [9]. Previous studies found that multiple 
factors affect cognitive functions in epileptic patients 
including epilepsy itself, treatment of epilepsy, psy-
chosocial consequences of epilepsy such as stigma and 
marginalization, structural brain deficits, and individ-
ual reserve abilities. Animal models of epilepsy showed 
that epileptic seizures have a negative effect on brain 
structure and behavior [10].

The nature of brain damage is related to the number, 
duration, and severity of epileptic seizures. Ictal and 
postictal cognitive impairment is reversible; however, 
a higher frequency of seizures causes a progressive 
mental decline in patients with chronic uncontrolled 
epilepsy [11].

Table 2 Assessment of cognitive functions among the studied 
population

P indicates the P value for comparing between different categories

SD standard deviation
* Statistically significant at P ≤ 0.05

Cognitive functions Epileptic 
group 
(n = 53)

Control group (n = 53) P

Attention
 Digit span 6.0 ± 1.5 8.3 ± 2.8  < 0.001*

Working memory
 Digit span 6.0 ± 1.5 8.3 ± 2.8  < 0.001*

 Arithmetic 4.5 ± 1.9 7.3 ± 2.4  < 0.001*
Language
 Vocabulary 18.1 ± 4.2 20.9 ± 7.6 0.018*

 Similarities 8.5 ± 5.2 10.4 ± 5.0 0.063

 Verbal fluency test 12.1 ± 7.1 14.8 ± 7.3 0.054

Visuospatial orientation
 Block design 11.4 ± 8.7 16.9 ± 5.0  < 0.001*
 Digit symbol 35.3 ± 6.9 39.9 ± 12.8 0.021*

Table 3 Relation between cognitive functions and epilepsy-related characteristics among the epileptic group (n = 53)

P indicates the P value for comparing between different categories

SD standard deviation
* Statistically significant at P ≤ 0.05

Cognitive functions Epilepsy duration Seizure frequency Treatment duration

No. (%) Mean ± SD P Mean ± SD P Mean ± SD P

Attention
 Impaired 48 (90.6) 21.96 ± 5.97 0.013* 3.02 ± 1.59 0.001* 17.15 ± 6.05 0.044*

 Not impaired 5 (9.4) 15.60 ± 6.99 1.0 ± 0.0 12.80 ± 6.83

Working memory
 Impaired 49 (92.5) 22.08 ± 5.98 0.001* 2.98 ± 1.60 0.005* 17.31 ± 6.09 0.001*

 Not impaired 4 (7.5) 12.50 ± 1.0 1.0 ± 0.0 9.75 ± 0.50

Language
 Impaired 46 (86.8) 21.70 ± 6.13 0.359 3.04 ± 1.63 0.008* 16.98 ± 6.19 0.359

 Not impaired 7 (13.2) 19.14 ± 7.38 1.43 ± 0.53 15.14 ± 6.44

Visuospatial orientation
 Impaired 46 (86.8) 21.70 ± 6.13 0.359 3.04 ± 1.63 0.008* 16.98 ± 6.19 0.359

 Not impaired 7 (13.2) 19.14 ± 7.38 1.43 ± 0.53 15.14 ± 6.44

Table 4 Regression analysis of predictors of cognitive impairment among the epileptic group

P indicates the P value for comparing between different categories
* Statistically significant at P ≤ 0.05

Variables Attention Working memory Language Visuospatial 
orientation

B P B P B P B P

Epilepsy duration  − 0.009 0.946 0.056 0.675 0.148 0.246 0.108 0.405

Seizure frequency per year 1.435 0.013* 0.304 0.014*  − 1.104 0.001*  − 2.195 0.002*
Duration of treatment  − 0.120 0.368  − 0.065 0.629 0.131 0.304 0.059 0.647

Number of medications  − 0.178 0.181  − 0.222 0.094  − 0.183 0.153  − 0.201 0.118
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Seizures lead to cellular and metabolic changes 
together with neuronal loss in the hippocampus, neoneu-
rogenesis, and synaptic reorganization causing behav-
ioral and cognitive impairment that gets worse with the 
cumulative number of seizures over time [12].

Cognitive dysfunction may be evident even before 
the onset of seizures. In a study assessing cognition in a 
sample of patients with newly diagnosed, untreated epi-
lepsy, there was nearly 75% having deficits in attention, 
executive functions, and memory [13]. This indicates that 
comorbidity does not always indicate causality and that a 
bidirectional concept of cognitive impairment in patients 
with epilepsy should rather be adopted [14].

Similar to our findings, Seidenberg et al. indicated that 
the duration of epilepsy is related to cognitive impair-
ment after 3 to 4  years of onset in children and adults 
diagnosed with epilepsy [15].

Also, a case–control study including epileptic 
patients and age/sex-matched healthy controls from 
July to September 2017 in Bilomo, sub-Saharan Africa, 
found the prevalence of cognitive impairment was 
much higher in epileptic patients—especially executive 
functions and verbal fluency—compared to healthy 
controls. Longer disease duration and higher seizure 
frequency were significantly associated with poor cog-
nitive performance [16].

Different studies have found conflicting results regard-
ing seizure control and cognitive impairment. A study 
in which a wide range of tests exploring memory were 
applied to seventy-one patients with unilateral mesial 
temporal epilepsy after being divided into two groups—
according to seizure frequency—while other epilepsy-
related characteristics such as lateralization, type of 
lesion, age of onset, duration of seizures, etiologic fac-
tors, and number of currently administered antiepileptic 
medications were controlled found that the low seizure 
frequency group was significantly better than the high 
seizure frequency group on anterograde memory tests. 
This suggests that high seizure frequency, on its own, 
potentiates the effects of mesial temporal lobe damage on 
memory impairment [17].

Meanwhile, in another study to assess the impact of 
seizure frequency on cognitive performance of adult 
epileptic patients in a rural community in South Eastern 
Nigeria, the control group performed better in almost all 
neurocognitive tests when compared with low seizure 
frequency and high seizure frequency groups.

However, the high seizure frequency group patients 
showed a significantly greater risk of memory impairment 
but not as in other neurocognitive domains compared 
with the low seizure frequency group indicating that while 
adults with epilepsy performed poorly in a wide range of 
neurocognitive functions, there was no significant adverse 

effect of higher seizure frequency observed on neurocogni-
tive functions other than memory [18].

This study highlights the importance of epilepsy-related 
characteristics in the management of patients with epilepsy 
where proper seizure control had been found as an impor-
tant predictor of the cognitive status of epileptic patients. 
Also, it showed the importance of early screening for cog-
nitive impairment in patients with epilepsy that should 
go hand to hand with their treatment follow-up, and this 
should improve the overall quality of life in patients with 
epilepsy.

Conclusions
Patients with epilepsy are significantly suffering from 
cognitive impairment with a variety of epilepsy-related 
characteristics being implicated. Frequent seizures are 
the most predictive characteristic of significant cognitive 
impairment.
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