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Abstract 

Background There is increasing evidence that prolonged or recurrent seizures can cause or exacerbate cognitive 
impairment (CI) in memory, attention, orientation, and visuospatial and abstraction disabilities, all of which can jeop‑
ardize educational progress and achievement throughout life. The objectives of our study are to assess the cognitive 
functions in people with epilepsy (PwE) using P300 event‑related potentials (ERPs), and correlate each P300 compo‑
nents with six explanatory variables (epilepsy type, seizure type, NHS3 score‑ seizure severity, disease duration, age at 
first seizure, and the number of anticonvulsant medications).

Methods One hundred and two PwE [52 with focal epilepsy and 50 with generalized epilepsy, as classified by the 
International League Against Epilepsy in 2017]. They underwent electroencephalography (EEG) and P300. The Mon‑
treal Cognitive Assessment (MoCA) scale was used to assess baseline cognitive functions.

Results Epileptic patients showed significant latency prolongation and amplitude reduction of P300 as compared 
to non‑epileptic population. Longer P300 latency and lower amplitude were seen in patients with abnormal EEG 
records. P300 latency was longer in patients using poly‑therapy. P300 components correlated well with age at pres‑
entation and disease duration but not with NHS3. According to epilepsy type, 50.98% of PwE had focal epilepsy and 
49.02% had generalized epilepsy, 85.29% of them had abnormal EEG recording. Considering seizure type, 47.06% had 
a generalized tonic–clonic seizure, 38.24% had a focal to bilateral tonic–clonic seizure, 20.59% had a myoclonic sei‑
zure, 12.75% had a focal with impaired awareness seizure, 3.92% had a focal aware seizure, and 2.94% had an absence 
seizure. Seventy‑seven PwE had one type of seizure, while 25 had more than one type of seizure. The NHS3 score was 
higher in those with a single seizure type than in those with multiple seizure types.

Conclusion All seizure types had an abnormal P300 component, indicating cognitive function deficits. P300 may be 
a promising objective method for assessing cognitive function in PwE. The number of antiepileptic drugs used, the 
presence of EEG abnormalities, the age at presentation, and the duration of the disease are the factors that best cor‑
relate with cognitive impairment (CI).
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Introduction
For many patients and families, the burden of the epi-
lepsy is largely caused by comorbid conditions, including 
behavioral changes and cognitive impairment (CI), such 
as memory, attention, processing difficulties or learning 
disabilities, and mental health disorders, such as depres-
sion and anxiety, attention-deficit hyperactivity disorder, 
intellectual disability, and autism; and somatic co-mor-
bidities, such as sleep disorders and migraines [1].
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These comorbidities, previously considered to be sec-
ondary to uncontrolled seizures or medication adverse 
effects, are now recognized as an integral part of the dis-
order, sometimes even preceding the seizures and attrib-
utable to an underlying disorder of neuronal networks 
[2].

In people with epilepsy (PwE), CI may present at the 
onset of epilepsy [3]. These can have a significant impact 
on several day-to-day functions, such as schoolwork in 
children and driving ability in adults [4]. Epilepsy can 
also further impair already compromised cognitive func-
tion, for example in elderly people [5]. Some patients find 
these cognitive consequences more debilitating than the 
actual seizures [6].

Because early seizures can induce permanent deficits 
and increase seizure susceptibility and that prolonged 
exposure to abnormal neural activity during a critical 
period of cerebral maturation may disrupt the structural 
and functional changes in the brain, thus diffuse CI are 
more often documented in children with additional trou-
bles [7].

Severity and chronicity are the major sources of CI 
[8]. Some studies showed that in newly diagnosed and 
untreated epileptic patients, CI are already present [9, 
10] in more than 50% of patients.

Electroencephalography (EEG) is one of the most effec-
tive electrophysiological examining techniques for under-
standing neurobiological dysregulation. The time-locked 
activity of EEG, known as event-related potential (ERP), 
is a small voltages generated in the brain structures in 
response to sensory, cognitive, or motor processes [11].

Event-related potentials have been linked with differ-
ent cognitive functions, such as attention, concentration, 
memory, and decision-making. Therefore, they are con-
sidered as a clinically important tool for evaluating CI 
in various neurological disorders, including Alzheimer’s, 
Parkinson’s disease, epilepsy, schizophrenia, and stroke 
[12, 13].

The aims of our study are to evaluate the cognitive 
functions in PwE using the P300 ERPs, and to correlate 
P300 components with certain characteristics of those 
patients like epilepsy type, seizure type, seizure severity, 
duration of the disease, age at first presentation of epi-
lepsy, and the number of anticonvulsant medications.

Methods
This is a two-center case-control study conducted in 
the Neurophysiology Department of Al-Imammian Al-
Kadhimiyain Medical City and Baghdad Teaching Hospi-
tal in Baghdad from Jan. 2020. to Dec. 2021. The study 
was approved by the Iraqi Board for Medical Specialties 
(Decision No. 291; Date 21/1/2021).

One hundred and two PwE comprised 52 with focal 
epilepsy and 50 with generalized epilepsy classified 
according to the 2017 classification of ILAE for types 
of seizures and type of epilepsy. Age of the patient was 
between 12 and 40  years. All the patients can read and 
write. Patients with history of impaired hearing, diag-
nosed psychiatric disorder or abnormal brain MRI were 
excluded from the study. Another 50 ages and sex-
matched healthy subjects serve as the control group.

Clinical and neurophysiologic assessment
All patients enrolled in the study were examined by con-
sultant neurologists to determine the semiology of the 
events, which were assisted by routine EEG, brain mag-
netic resonance imaging (epilepsy protocol), home vid-
eos, and video EEG recording.

The National Hospital Seizure Severity Scale (NHS3), 
which includes seven seizure-related factors and gen-
erates a score ranging from 1 to 27, was used to assess 
seizure severity in patients who had one or more sei-
zures within the previous 12 months [14]. Patients with 
an NHS3 score of 15 or higher were classified as having 
severe seizure attacks, while those with a score of 15 or 
less were classified as having mild seizure attacks [15], 
unless they had more than 10 seizures in the previous 
12 months, in which case they were classified as having 
severe seizure attacks. We excluded all patients who were 
seizure free for the last 12  months from our study. The 
test was approved for children and adolescents [16].

Electroencephalography
Clinical diagnosis of epilepsy was evident with routine 
and long- term EEG. The EEGs were received  from the 
hospital’s epilepsy clinic, where they were performed by 
the same technician and reviewed by the same neuro-
physiologist to lower inter-rater variability. We looked for 
positive EEG findings such as focal or generalized epilep-
tiform discharges, sharp waves, poly spikes, spike wave 
activities, and slow wave activities.

Montreal cognitive assessment test
Cognitive functions of all participants were assessed 
using the Montreal Cognitive Assessment (MoCA) test 
scale version 8.3. The test validity for young adults and 
adolescents aged 14–21 for detecting cognitive deficits 
was approved [17]. MoCA consists of 30 items divided 
into the domains of attention, language, memory, visu-
ospatial, executive functions, and orientation and scored 
accordingly from 0 to 30 with a cutoff value of 26. A score 
of 26 or above was considered normal [18]. Accordingly, 
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MoCA score ranges from 14 to 25 refers to impaired cog-
nition, and from 27 to 30 goes with intact cognition [19].

P300 event‑related potentials
In a silent room, P300 was elicited using a Cadwell elec-
tromyography machine (Kennewick, WA99336, USA) 
using an auditory "oddball" paradigm. In accordance with 
the 10–20 International System, standard Ag/AgCl elec-
trodes positioned at Cz, referenced at the mastoid pro-
cess, and a forehead ground were used.

Subjects were instructed to mentally count rare tones 
while lying comfortably on the couch with their eyes 
closed, and they were then asked to report the number 
of rare tones counted at the end of each run. To deter-
mine performance accuracy, each patient’s count was 
compared to the actual number of target tones provided 
at the end of each session. Two or three trials were con-
ducted to ensure the consistency of the waveform, with 
each trial lasting until 200 artifact-free infrequent stimuli 
responses were recorded and averaged. The P300’s laten-
cies and amplitudes were measured.

The impedance was kept at 5 K or less, the band pass 
filter was set between 1 and 30 Hz, and the analysis time 
was set at 1024 ms with a pre-stimulus baseline record of 
100 ms.

Statistical analysis
All statistical analyses were performed using statisti-
cal package of social sciences (SPSS software version 
25.0, Chicago, USA). Continuous data were presented as 
mean ± SD and analyzed with Student t test. Categori-
cal variables were expressed as number and percentage. 
Pearson’s correlation test was used to explore the pos-
sible correlation of neurophysiological parameters with 
age, disease duration and NHS3. A p- value less than 
0.05 were considered to indicate a statistically significant 
difference.

Results
Table 1 shows the demographic information for the study 
population. The age, gender, and educational level of the 
PwE and control groups were not significantly different 
(p = 0.370; p = 0.425; p = 0.160, respectively). The major-
ity of the PwE (85.29%) have abnormal EEG records while 
15 (14.71%) have normal EEG records. Fifty-two PwE 
(50.98%) had focal epilepsy whereas 50 (49.02%) had gen-
eralized epilepsy.

According to the seizure type, 48 PwE (47.06%) had 
generalized tonic clonic seizures, 39 (38.24%) had focal to 
bilateral tonic clonic seizures, 21 (20.59%) had myoclonic 
seizures, 13 (12.75%) had focal with impaired awareness 

seizures, 4 (3.92%) had focal aware seizure, and 3 (2.94%) 
had absence seizures.

The majority of PwE (75.49%) had one seizure type 
while 25 (24.51%) had more than one seizure type. 
In terms of the NHS3, those with one seizure type 
received a score of 15.46 ± 4.39, while those with more 
than one seizure type received a score of 5.46 ± 5.67.

Table  2 displays the data from the P300 ERPs 
of the study population. The latency in PwE was 
330.12 ± 30.23  ms which is significantly longer 
(p < 0.001) than 294.87 ± 9.5  ms in the control 

Table 1 Demographic data of the study population

NHS3 the National Hospital seizure severity scale

Characteristics Patients Controls p‑value
N = 102 N = 50

Age, years

 Mean ± SD 25.97 ± 9.79 26.46 ± 9.16 0.37

Gender

 Male 44 (43.14%) 25 (50%) 0.425

 Female 58 (56.86%) 25 (50%)

Educational level

 Illiterate 4 (3.92%) 1 (2%) 0.16

 Primary 37 (36.27%) 13 (26%)

 Secondary 44 (43.14%) 20 (40%)

 Higher 17 (16.67%) 16 (32%)

Age at presentation, years 15.92 ± 9.16

 Mean ± SD

Duration of epilepsy, years

 Mean ± SD 10.06 ± 4.11

 Range 1.0–39

EEG record

 Abnormal 87 (85.29%)

 Normal 15 (14.71%)

Epilepsy type

 Focal 52 (50.98%)

 Generalized 50 (49.02%)

Seizure type

 Generalized tonic–clonic 48 (47.06%)

 Secondary generalized 39 (38.24%)

 Myoclonic 21 (20.59%)

 Complex partial 13 (12.75%)

 Simple partial 4 (3.92%)

 Absences 3 (2.94%)

Number of seizure types

 One 77 (75.49%)

   > One 25 (24.51%)

NHS3 score

 For one seizure type 15.46 ± 4.39

 For > one seizures type 5.46 ± 5.67
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group. On the contrary, the amplitude in PwE was 
10.68 ± 1.85  µV which is significantly lower (p = 0.005) 
than the 11.55 ± 1.59 µV in the control group.

Table  3 illustrates the possible relationship (if any) 
between P300 parameters and various demographic and 
clinical data of PwE. There was no significant relationship 
between gender and P300 latency or amplitude. Patients 

suffering from focal epilepsy have longer latencies than 
those suffering from generalized epilepsy (p < 0.001).

The P300 latency was longer (p = 0.001) and the ampli-
tude was lower (p = 0.019) in PwE with abnormal com-
pared to those with normal EEG records. Moreover, the 
P300 latency but not the amplitude was significantly dif-
ferent (longer) in PwE receiving polytherapy versus those 
receiving monotherapy (p = 0.001). Furthermore, neither 
the latency nor the amplitude of the P300 were associated 
with the presence of one or more seizure types.

The P300 latency was found to be negatively related to 
age at onset (r = − 0.293; p = 0.003) and positively related 
to disease duration r = 0.470; p < 0.001). On the contrary, 
the amplitude was positively correlated with age at onset 
(r = 0.270; p = 0.006) and negatively correlated with dis-
ease duration (r = − 0.328; p = 0.001) as shown in Table 4 
and Fig. 1.

Discussion
The P300 has been widely used for evaluating cognitive 
functions in various neurophysiological disorders due to 
its very stable latency in normal controls [20, 21]. Epi-
lepsy is one of the major causes of central auditory disor-
ders among the various neurological disorders [22].

Our study indicates a prolonged P300 latency and 
attenuated amplitude in PwE. These changes are indica-
tive of impaired cognitive processing because this com-
ponent provides information about various cognitive 
processes, such as memory, attention, auditory discrimi-
nation, processing of sequential information, and deci-
sion making [22, 23]. This is further supported by the fact 
that in normal subjects, P300 latency is negatively asso-
ciated with cognitive functions, with shorter latencies 
associated with excellent cognitive performance [24, 25].

Significant changes in this long-latency component of 
ERPs have been linked to hippocampus damage in PwE 
due to its possible involvement in ERP generation. It is 
thought that the involvement of mesencephalic reticu-
lar formation and the sum of the activities of various 
areas, including cortical and subcortical structures, are 
involved in its generation [26, 27]. Furthermore, accord-
ing to Musiek et al. [28], the decrease in P300 amplitude 
in these subjects could indicate that fewer neurons were 

Table 2 P300 event‑related potentials in patients and controls

The data presented as mean ± SD

The bold values indicate significant differences

Variables Patients Controls p‑value
N = 102 N = 50

P300

 Latency, ms 330.12 ± 30.23 294.87 ± 9.5  < 0.001
 Amplitude, μV 10.68 ± 1.85 11.55 ± 1.59 0.005

Table 3 Association of P300 parameters with demographic and 
clinical data in patients with epilepsy

The data presented as mean ± SD

The bold values indicate significant differences

P300 ERPs

Latency, ms p‑value Amplitude, μV p‑value

Gender

 Male 327.29 ± 30.07 0.411 10.82 ± 1.76 0.53

 Female 332.31 ± 30.43 10.58 ± 1.92

Epilepsy type

 Focal 344.46 ± 30.68  < 0.001 10.52 ± 2.04 0.387

 Generalized 315.5 ± 21.72 10.85 ± 1.64

EEG results

 Abnormal 334.2 ± 30.5 0.001 10.5 ± 1.82 0.019
 Normal 306.77 ± 13.83 11.71 ± 1.7

Therapy

 Mono 324.32 ± 28.5 0.001 10.8 ± 1.73 0.271

 Poly 346.88 ± 29.31 10.8 ± 1.73

Seizure type

 One 332.3 ± 31.57 0.208 10.73 ± 1.86 0.635

 > One 323.5 ± 25.15 10.53 ± 1.86

Table 4 Correlation of P300 parameters with age at onset, disease duration, and NHS3

NHS3 the National Hospital seizure severity scale

The bold values indicate significant differences

Variables Age at presentation Disease duration NHS3 score

r p r p r p

P300 latency − 0.293 0.003 0.47  < 0.001 0.251 0.236

P300 amplitude 0.27 0.006 − 0.328 0.001 0.118 0.584
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functioning or that the intensity of neural firing was 
reduced.

Many studies have examined CI in PwE using ERP 
analysis. The outcomes are diverse and frequently con-
tentious. While many studies [29–33] reached similar 
conclusions to ours, others found no differences [34–36], 
whereas, the P300 in PwE was shorter than in controls in 
other studies [37, 38].

These controversies in the aforementioned studies 
could be attributed to a variety of factors that varied 
greatly between studies, including sample size, patient 
age, location of P300 recording, recording electrodes, fre-
quent/rare stimulus in hertz, stimulus intensity in deci-
bels, type of epilepsy, disease duration, seizure severity, 
epileptogenesis process itself, the frequency of seizures, 
lesions, and anti-epileptic treatments used [23, 32].

Gender does not appear to be a significant variable in 
this study of P300 latency and amplitude. A finding that 
is consistent with other research [39, 40].

Event related potential changes occur in a variety of 
epilepsy types, including temporal lobe epilepsy, idi-
opathic generalized epilepsy, and benign childhood 
epilepsy with centrotemporal spikes [22]. The effect of 
epilepsy type on P300 responses was discovered in our 
study. Patients with focal epilepsy have the longest delay, 

which can be explained by structural etiologies such as 
cortical dysplasia or tumors, mesial temporal sclerosis, 
and migrational disorders.

Clinically, these children may experience frequent sei-
zures with auras and impaired consciousness [41, 42]. 
Their seizures frequently become resistant to high doses 
of drugs, necessitating surgical procedures [43, 44]. 
Moreover, their abnormal discharges frequently occur 
exactly where the auditory pathway ends, resulting in 
neural network impairment and extratemporal abnor-
malities, which are associated with language impairment 
and auditory processing deficits [23, 45]. Similar studies, 
which agree with our findings, report longer P300 latency 
and lower amplitude in those with temporal lobe epilepsy 
than in those with idiopathic generalized epilepsy [27, 46, 
47].

The P300 in PwE with and without epileptiform EEG 
discharges was assessed in this study, and patients with 
normal EEG performed better in cognitive function tests 
(P300) than patients with abnormal EEG. This suggests 
that in this study, epileptiform discharges had an addi-
tional effect on cognitive function. It is unclear why epi-
leptiform EEG discharges affect cognitive functioning, 
but some of these discharges appear to disrupt central 
information processing in the same way that seizures do. 

Fig. 1 Scatter plot and regression line between age at onset and P300 latency (upper right) and P300 amplitude (upper left), disease duration and 
P300 latency (lower right), and P300 amplitude (lower left) in PwE
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In addition, this could be related to the fact that epilep-
tiform discharges generating neurons showed liability to 
premature death [48].

Several studies have found a sudden and unexpected 
drop in school performance in children with interictal 
EEG discharges [49], as well as a drop in intelligence quo-
tient scores in epileptic children with frequent episodes 
of epileptiform EEG discharges [50].

There is little data on the relationship between P300 
latency and EEG findings in PwE. In line with this study, 
Triantafyllou et al. [46] discovered that epileptic patients 
with abnormal EEGs had significantly longer P300 laten-
cies than those with normal EEGs. However, Naganuma 
et al. [25] and Ozmenek et al. [30] claim that the presence 
of EEG abnormalities has little effect on cognitive func-
tion. Furthermore, Gotman and Marciani discovered that 
the number of paroxysmal discharges does not always 
correspond to the severity of epileptic activity [51].

The current study found that those on polytherapy 
had more CI than those on monotherapy. This finding 
is consistent with those of Park and Kwon [52] and Witt 
and Helmstaedter [53]. While AEDs can have a negative 
impact on cognitive function by suppressing neuronal 
excitability or increasing inhibitory neurotransmission 
[52], they are rarely the sole cause of cognitive deficits 
in certain patients. AEDs affect cognitive functioning in 
a dose-dependent manner, which can be exacerbated by 
AED polytherapy.

Attention/vigilance, psychomotor speed, and sec-
ondary involvement of other cognitive functions (e.g., 
memory) are the main cognitive effects of AEDs [54]. 
Furthermore, in monotherapy and when the AED is pre-
sent at therapeutic serum concentrations, the magnitude 
of AED-related cognitive dysfunction is generally modest 
[52] shifting therapy from polytherapy to monotherapy 
improved cognition. Many theories have been proposed 
to explain the link between polytherapy and CI. One 
theory is based on the fact that pharmacodynamic inter-
actions with negative cognitive effects are likely to occur 
during a polytherapy regimen [55].

The P300 was found to be significantly correlated with 
disease duration and age at onset in the current study. 
These findings suggest that uncontrolled seizures impair 
cognitive function, with the effects being most severe 
in infancy and diminishing with increasing age at onset. 
While studies found that the prolonged P300 latency 
was significantly correlated with epilepsy duration, age 
at onset, seizure frequency, and antiepileptic treatment, 
other studies found conflicting results [37, 56, 57]. Other 
studies found no link between latency prolongation and 
seizure frequency, seizure type, seizure duration, or cer-
ebral imaging pathologies [25, 29, 58].

Conclusions
Our study concludes that abnormal P300 was observed 
across different types of seizures, indicating cognitive 
function deficits. As a result, the P300 may be a promis-
ing objective method for assessing cognitive function in 
PwE. The factors that best correlate and are associated 
with CI are epilepsy type, EEG abnormality, number of 
antiepileptic drugs, age at presentation, and disease dura-
tion. Thus, our findings show that screening for CI is crit-
ical in PwE, and that adequate epilepsy treatment should 
not focus solely on seizure control. We also recommend 
researching the effect of old versus new AEDs on cogni-
tive functions, as well as the duration of AED treatment.
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