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Comparison of cognitive function,

socioeconomic level, and the health-related
quality of life between epileptic patients
with attention deficit hyperactivity disorder
and without
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Abstract

Background: Epilepsy is one of the most common neurological conditions. Attention deficit hyperactivity disorder
(ADHD) in children with epilepsy proves to be very common. Both epilepsy and ADHD impair quality of life. We
aimed to evaluate cognitive function, socioeconomic level, and quality of life (QOL) among children with ADHD
and epilepsy. A total of 100 children were divided into 5 groups (20 children/group) as (I) epilepsy, (II) ADHD with
epilepsy, (III) ADHD with EEG changes, (IV) ADHD without EEG changes, and (V) control. Children aged between 6
and 11 years were recruited for this study. Early Childhood Epilepsy Severity Scale (E-Chess), Conners’ Parent Rating
Scale (CPRS), Wechsler Intelligence Scale for Children-3rd edition (WISC-III), socioeconomic scale for assessment of
social burden and socioeconomic classes, and PedsQL (quality of life measure) assessed.

Results: Children with ADHD and epilepsy had the lowest PedsQL total scores and lower scores than other groups
especially in performance IQ score. The highest percentage of low socioeconomic class (25%) was observed in the
group of ADHD with epilepsy and the group of epilepsy.

Conclusion: ADHD with epilepsy is associated with low performance IQ, poor socioeconomic level, and quality of
life. Pediatric Quality of Life Inventory scores show significant correlation with total IQ score in the group of ADHD
with epilepsy.
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Background
Epilepsy is the most common neurological condition affecting
approximately 65 million people worldwide [1], and it also af-
fects nearly 3.2–5.5/1000 children in the developed world [2].
Epilepsy in children is associated with marked impair-

ment of cognitive functioning [3], increasing the risk of at-
tention deficits and impairing executive functioning [4].
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Executive functions are various high-level skills, which
allow for flexibility in goal-directed behavior [5], such as
response inhibition, working memory, and set-shifting
[6]. Additionally, AEDs have been affirmed to increase
the risk of cognitive impairment and executive dysfunc-
tion in young people with epilepsy [7–9].
Children with epilepsy (CWE) suffer from epileptic

seizures and from executive, behavioral, and emotional
issues [10]. Deficits in executive functioning are associ-
ated with poor health-related quality of life (HRQOL) in
these children [11, 12].
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Moreover, the lives of CWE are constantly threatened
by physical injuries, such as falls and burns, caused by
epilepsy. The fear of acquiring these injuries prevents
them from engaging in outdoor activities [13]. They may
also need to isolate themselves from society because of
the stigma associated with epilepsy [14].
Attention-deficit/hyperactivity disorder (ADHD) is one

of the most widespread disorders in CWE [15, 16]. ADHD
is generally characterized by persistent inattention, hyper-
activity, and impulsivity [17]. Furthermore, several studies
found that ADHD children may have electroencephalo-
gram (EEG) abnormalities such as interictal epileptiform
discharges (IEDs) or localization of IEDs foci [18, 19]. Lee
et al. evaluated the effect of epileptiform discharges in
ADHD by comparison between group of ADHD patients
with EEG changes and group of ADHD patients with nor-
mal EEG. It was found that interictal epileptiform dis-
charges were associated with seizures in children with
ADHD [20]. Moreover, a study showed that valproate de-
creased EEG paroxysm abnormality as well as ADHD
scores [21]. This represents pathophysiology overlapping
between ADHD and epilepsy [20].
Patients with ADHD suffer from many cognitive defi-

cits because they lack attention and strategic flexibility,
struggle to control and inhibit behavior, and have poor
planning and working memory capabilities [22–26].
Similar to epilepsy, ADHD is associated with impairment

in many aspects of the lives of children who have it, including
academic performance, social functioning, and subsequently
impaired overall quality of life (QOL) [27–29]. Additionally,
ADHD may have a significant economic consequence for
children who have it, their families, and society [30].
Hence, epilepsy and ADHD affect the QOL [31]. In

the medical researches, “quality of life has become an
important measure of outcomes in both research and
clinical settings” [32].There is positive association be-
tween QOL impairment and severity of disorder [33].
So, many studies are examining the QOL of patients
with epilepsy or ADHD worldwide, particularly in devel-
oped countries. However, due to the influence of various
variables, such as demographic features and socio-
economic and clinical presentations, the QOL of these
patients differs from country to country [30].
Method
Aim of study
We aim to compare the cognitive function, socioeco-
nomic level, and QOL among epileptic children with
ADHD and without.
Study design
This is a case-control study.
Site of the study and selection of participants
One hundred children were between 6 and 11 years of age
in the period between September 2018 and October 2019.
The sample size was calculated with statistical power of
95% by using Epi info 7. Participants were recruited from
the Child Psychiatry Clinic of Neurology and Psychiatric
Hospital, Assiut University. The children were divided
into five groups, namely, as group (1) children with epi-
lepsy alone, group (2) children with ADHD with epilepsy,
group (3) children with ADHD with EEG changes, group
(4) children with ADHD without EEG changes, and group
(5) healthy controls, and each group included 20 children.
We consider using EEG as tool for differing ADHD

group as there was evidence that ADHD with EEG
changes can be transferred to ADHD with epilepsy after
few years [20]. Also, categorizing children with epilepsy by
time of seizure onset showed that 15.8% of them were
ADHD in early onset of seizures compared to 8.1% in
those with newly diagnosed seizures. These results sug-
gested that seizures or subclinical epileptiform bursts play
an important role in the development of attention disor-
ders [34]. So, there is bidirectional relationship between
both diseases. Our classification to ADHD groups by EEG
will help in clarifying this relationship and also, clarify if
there is difference between ADHD with EEG changes and
without regarding cognitive function and quality of life.
The caregivers of the children and adolescents with

epilepsy were interviewed for informed consent and
medical information concerning epilepsy and ADHD.
ADHD was diagnosed according to DSM-5 [35], and the
seizure types were classified according to the Inter-
national League Against Epilepsy (ILAE) criteria.
Inclusion criteria

(i) Diagnosis of ADHD and/or epilepsy was verified
and confirmed on a clinical basis.

(ii) Idiopathic type of epilepsy that was confirmed on
clinical basis, neurological assessment, and imaging
investigations.
Exclusion criteria

(i) Children with significant intellectual disability
(Wechsler Intelligence Scale IQ < 70);

(ii) Children with history or current substance use
(iii)Children with comorbid medical or other

neurological conditions.
(iv)Children with other psychiatric disorders,

Patients received their medication, as ADHD children
received non-stimulant medication (atomoxetine), while
epileptic children received their antiepileptic drugs.
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Ethical considerations
This study obtained ethical approval from the Institutional
Review Board (IRB) of the Faculty of Medicine, Assiut Uni-
versity, with an approval number of 17200196. This study
was also registered on a clinical trial with the following regis-
tration number NCT03806946. The parents signed informed
consent on behalf of their children to take part in the study.

Tools
The included children were firstly assessed by semi-
structured interview by using the Mini International
Neuropsychiatric Interview for Children and Adoles-
cents (MINI KID) Arabic version [36] for psychiatric
evaluation then all subjects had the following:

Electroencephalography
Conventional EEGs were obtained with eight channels
and scalp electrodes placed with the international 10–20
system with bipolar and referential montages; it is a Ni-
hon Kohen equipment model. Chloral hydrate was used
to induce sleep if needed. Data analysis for EEG was
done by determined location and side of none provoked
paroxysmal activities, and focal activities if present.

Early Childhood Epilepsy Severity Scale (applied only for the
epileptic group) [37]
The Early Childhood Epilepsy Severity Scale (E-Chess)
was developed for use in the Tuberous Sclerosis 2000 Co-
hort Study to quantify the severity of epilepsy. The scale
assesses the severity of seizures by scores on five variables.
The variables are frequency of seizures, the time period
over which seizures occur, the number of seizure types,
the number of antiepileptic drugs used, and response to
treatment. Each of these variables was given a score, with
a higher score indicating greater severity. Thereafter, the
scores were added up to give a total severity score that
was used to indicate seizure severity in the current study.
E-Chess total score ≤ 9 is associated with favorable epi-
lepsy outcomes, while E-Chess total score > 10 is associ-
ated with drug-resistant epilepsy with poor responses.

Conners’ Parent Rating Scale [38]
The Conners’ Parent Rating Scale (CPRS) is a 110-item
parent-rated scale that diagnoses ADHD with other behav-
ioral disorders in children aged 6–18 years. These behavioral
disorders are oppositional defiant and conduct disorders.

Wechsler Intelligence Scale for Children-3rd edition (Arabic
version by [39])
Each participant was assessed using the Wechsler
Intelligence Scale for Children-3rd edition (WISC-III),
which is composed of 13 subtests to test the cognitive
abilities of children of different dimensions. The subtest of
the WISC includes questions about general knowledge,
traditional arithmetic problems, vocabulary, the comple-
tion of mazes, and the arrangement of blocks and pictures.
WISC-III provides scores for verbal, performance, and
full-scale IQs.
Socioeconomic scale [40]
The socioeconomic scale is a tool used to assess the social
burden and socioeconomic classes. It also contains four
main variables: the educational level of the father and the
mother, the occupation of the father and the mother, the
total family income, and the lifestyle of the family.
Pediatric Quality of Life Inventory, parent–proxy report
formats [41]
The Pediatric Quality of Life Inventory (PedsQL) is a
questionnaire assessment tool used to evaluate the QOL
of children. It is composed of 23 items that assess func-
tions in the following four areas: physical, emotional, so-
cial, and school. The psychosocial health summary score
is a computed mean of the emotional, social, and school
functioning subscales of the PedsQL. The physical func-
tioning scale is the same as the physical summary score.
In addition, the computed mean of the emotional, social,
school functioning, and physical scales are used to gener-
ate a total summary score. The parents of children re-
ported their response using a 5-point Likert scale ranging
from 0 = never to 4 = always, and these responses were as-
sociated with a higher score indicating a higher QOL.
Statistical analysis
The analysis was conducted using SPSS version 26. The
frequency and proportion analyses were performed for
qualitative variables, while quantitative variables were pre-
sented as mean ± SD. We used three different statistical
tests: the chi-square test was used for analysis between
categorical groups, the ANOVA test was employed to de-
tect the presence of significant differences in the mean
values for more than two groups, and the Student’s t test
was utilized to test the mean values between two inde-
pendent groups. Furthermore, the Spearman correlation
test was applied for testing correlations between quantita-
tive variables. All the tests were two-tailed, and p values of
< 0.05 were considered statistically significant.
Results
Demographic data
No statistical significance was observed regarding the
age of studied groups. Males were significantly higher in
all groups (p = 0.001), while the group of ADHD with
epilepsy comprised 45% of males and 55% of females
(see Table 1).



Table 1 Demographic features of studied group

Epilepsy (N =
20) N (%)

ADHD with EEG changes
(N = 20) N (%)

ADHD without EEG changes
(N = 20) N (%)

ADHD with epilepsy (N
= 20) N (%)

Control (N =
20) N (%)

P
value

Age mean
± SD

8.20 ± 2.462 7.25 ± 1.410 7.33 ± 1.958 7.65 ± 1.348 7.80 ± 1.436 0.448

Sex 0.002*

Male 18 (90%) 18 (90%) 14 (70%) 9 (45%) 12 (60%)

Female 2 (10%) 2 (10%) 6 (30%) 11 (55%) 8 (40%)

*P value is significant
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Clinical features among epilepsy groups
The clinical features among the group of epilepsy and
the group of ADHD with epilepsy validate that a signifi-
cant difference was observed regarding the types of seiz-
ure (p value = 0.035) as most of the cases were of
generalized type (80% and 100%, respectively). Con-
versely, no significant differences were detected between
the group of epilepsy and the group of ADHD with epi-
lepsy as regards age at the onset of seizure, the duration
of epilepsy, or time since the last seizure. However, it
was observed that the time since the last seizure between
the group of epilepsy and the group of ADHD with epi-
lepsy was less than 1 year (65% and 50%, respectively)
(Table 2).
The comparison of the EEG changes among the

group of epilepsy, the group of ADHD with epilepsy,
and the group of ADHD with EEG changes shows the
significant predominance of unprovoked generalized
paroxysmal changes in the measured EEG changes (p
value < 0.000).
Table 3 exhibits that a significant difference exists be-

tween the group of epilepsy and the group of ADHD with
epilepsy regarding the number of anticonvulsants used
and the total E-Chess severity score.
Children who received one or two anticonvulsants

showed the highest percentage in the group of epilepsy
and the group of ADHD with epilepsy (70%, 80%,
respectively).
As regards total E-Chess severity score, children with

favorable outcomes (≤ 9) had the highest percentage in
the group of epilepsy and the group of ADHD with
epilepsy (70% and 100%, respectively).
Table 2 Clinical features among epilepsy groups

Clinical variables Epilepsy (N =

Age of onset of seizure (years) (means ± SD) 2.35 ± 1.348

Duration of epilepsy (years) (means ± SD) 5.80 ± 2.142

Time since the last seizure < 1 year 13 (65%)

1–2 years 7 (35%)

> 2 years 0 (0%)

Types of seizure Partial 4(20%)

Generalized 16 (80%)

*P value is significant
Conners 3rd Edition Scale
All the subscales of the CPRS were significantly different in
all groups. The combined type of ADHD represented the
highest percentages (70% and 50%, respectively) in the group
of ADHD with EEG changes and the group of ADHD with
epilepsy. However, the group of ADHD without EEG changes
had the highest frequency of hyperactivity type (45%).
Table 4 shows that significant differences among the

studied groups in all the CPRS subscales include: inatten-
tion, hyperactivity/impulsivity, learning problems, executive
functioning, defiance/aggression, and peer/family relation.
The group of ADHD with EEG changes had the worst re-

sponses in all the CPRS subscales, where highly elevated
clinical ratings represented the highest proportion of all the
responses followed by the group of ADHD with epilepsy and
ADHD without EEG changes. In contrast, the group of epi-
lepsy had the lowest proportion of clinical ratings in all its
subscales, except for the defiance/aggression subscale (55%).

Wechsler Intelligence Scale for Children-3rd edition
No significant difference was observed between the stud-
ied groups in the IQ classification measured by the
WISC-III (p value = 0.233).
Moreover, no statistically significant difference emerged

among the studied groups in the mean values of verbal
and total IQ scores (p > 0.05). With regard to performance
IQ scores, the group of ADHD with epilepsy had the low-
est mean value among all the studied groups (82.28 ±
5.78), while the control group had a significantly high
mean value (91.85 ± 6.03) (p value = 0.017) (Fig. 1).
The group of ADHD without EEG changes had low

performance IQ and total IQ than ADHD with EEG
20) N (%) ADHD with epilepsy (N = 20) N (%) P value

2.75 ± 1.209 0.648

4.90 ± 1.209 0.084

10 (50%) 0.107

6 (30%)

4 (20%)

0 (0%) 0.035*

20 (100%)



Table 3 Early Childhood Epilepsy Severity Scale (E-Chess) among the studied epilepsy groups

Items variables Epilepsy (N = 20) ADHD with epilepsy (N = 20) P value

Frequency of seizures -

Weekly 20 (100%) 20 (100%)

Daily 0 (0%) 0 (0%)

More than daily 0 (0%) 0 (0%)

Time period over which seizures occurred (months) -

Less than 1 month 0 (0%) 0 (0%)

1–6 months 0 (0%) 0 (0%)

More than 6months 20 (100%) 20 (100%)

Number of seizure types 0.244

One seizure type 18 (90%) 20 (100%)

Two seizure types 2 (10%) 0 (0%)

Three seizure types 0 (0%) 0 (0%)

Number of anticonvulsants used 0.006*

None 0 (0%) 4 (20%)

One or two anticonvulsants 14 (70%) 16 (80%)

More than two anticonvulsants 6 (30%) 0 (0%)

Response to treatment 0.052

Complete cessation of seizures 7 (35%) 12 (60%)

Partial cessation of seizures 13 (65%) 6 (30%)

No improvement of seizures 0 (0%) 2 (10%)

Total severity score

≤ 9 14 (70%) 20 (100%) 0.010*

10–13 6 (30%) 0 (0%)

13–15 0 (0%) 0 (0%)

Total severity score (mean ± SD) 9.05 ± 0.759 8.10 ± 0.852 0.001*

*P value is significant

Ahmed et al. Middle East Current Psychiatry           (2020) 27:45 Page 5 of 12
changes (59.01 ± 16.03 vs 61.24 ± 11.03 and 61.64 ±
16.91 vs 63.08 ± 10.71, respectively).

Socioeconomic scale
A statistically significant difference emerged between so-
cioeconomic classes among groups. The highest percent-
age of low socioeconomic class (25%) was observed in the
group of ADHD with epilepsy and the group of epilepsy.
Furthermore, a significant difference was observed be-

tween the mean values of social class among the studied
groups. The control group had a significantly higher
mean value of social class scores compared with the
studied cases (227 ± 26.350) (Table 5).
The group of ADHD without EEG changes had high so-

cioeconomic scale score relative to the group of ADHD
with EEG changes (177.72 ± 64.696 vs 148.16 ± 56.155).

Pediatric Quality of Life Inventory
No significant difference was detected between the mean
values of the physical summary scores among the stud-
ied groups. The group of ADHD with epilepsy had
significantly the worst score of the psychological sum-
mary score (56.91 ± 12.98) and the total QOL (61.13 ±
15.96) among all the studied groups (Fig. 2).
The group of ADHD without EEG changes had low psy-

chological summary score and total quality of life score
than the group of ADHD with EEG changes (59.01 ±
16.03 vs 61.24 ± 11.03 and 61.64 ± 16.91 vs 63.08 ± 10.71,
respectively). Meanwhile, the group of ADHD with EEG
changes had lower physical summary score than ADHD
without EEG changes (66.73 ± 19.05 vs 71.08 ± 21.27).

Correlation results
Correlation between the total IQ score with socioeconomic
scale score and the subscales of PedsQL scores among the
studied groups
The socioeconomic score had no significant correlation
with the total IQ score in all the studied groups. The
physical summary score of PedsQL shows a significant
moderate positive correlation with a total IQ score in
the group of ADHD with epilepsy. The psychological
summary and total QOL scores had a significantly
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Fig. 1 Wechsler Intelligence Scale for Children-3 (WISC-III) score
among the studied groups

Fig. 2 The Pediatric Quality of Life Inventory (PedsQL) scores among
the studied groups
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strong positive correlation with the total IQ score in the
group of ADHD with epilepsy, whereas no significant
correlations were detected in other groups (see Table 6a
and table 6b in supplement data).

Correlation among socioeconomic score, total IQ score,
subscales of PedsQL scores with the clinical variables of
epilepsy, and E-Chess total severity score in the group of
epilepsy and the group of ADHD with epilepsy
There was a significantly moderate correlation existed
between the age at the onset of seizure and the total IQ
score in the group of epilepsy. Meanwhile, other scores
did not show a significant correlation (see Table 7 in
supplement data).
Table 5 Socioeconomic class scores among the studied groups

Socioeconomic
classes

Epilepsy (N =
20) N (%)

ADHD with EEG changes
(N = 20) N (%)

ADHD
chang

High classes 0 (0%) 4 (20%) 5 (25%

Middle classes 15 (75%) 14 (70%) 13 (65

Low classes 5 (25%) 2 (10%) 2 (10%

Total
socioeconomic
scale score

106.24 ±
30.836

148.16 ± 56.155 177.72

*P value is significant
Discussion
Epilepsy, as a chronic disorder, involves patients in different
ways, i.e., physically and socially [42]. Psychiatric–behav-
ioral problems are common in CWE and can have a major
influence on their QOL and families. In many cases, these
problems are more challenging than epilepsy itself [43].
This study examined cognitive functions, socio-economic
levels, and the QOL of ADHD and epilepsy patients.
Although the proportion of males was higher in all

groups, except for the group of ADHD with epilepsy,
they were almost equal when compared with the con-
trols. Similarly, other studies have reported a prevalence
of males with ADHD up to 3–7 times greater than fe-
males. Meanwhile, ADHD and epilepsy children often
have the same gender ratios [44–46].
In the present study, the relation among epilepsy-

related variables showed no significant difference regard-
ing age at the onset of seizure, the duration of epilepsy,
and time since the last seizure in CWE-ADHD and
without EEG
es (N = 20) N (%)

ADHD with Epilepsy
(N = 20) N (%)

Control (N =
20) N (%)

P
value

) 0 (0%) 7 (35%) <
0.000*

%) 15 (75%) 10 (50%)

) 5 (25%) 3 (15%)

± 64.696 112.50 ± 35.464 227 ± 26.350 <
0.000*
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those with epilepsy, while the type of seizure was signifi-
cantly different between the two groups.
Hermann et al. observed no correlation between youn-

ger age at the onset of seizure and the presence of
ADHD in the cohort study with a newly diagnosed epi-
lepsy [44], and the same result was found by [47] in a
retrospective cohort study on CWE. Contrarily, some
studies have demonstrated a significantly high preva-
lence of ADHD in patients with an earlier epilepsy onset
as confirmed by [48]. Moreover, [49] observed that earl-
ier epilepsy onset in younger children was associated
with more attention deficit, especially in childhood epi-
lepsy with centrotemporal spikes. ILAE has concluded
that the relationship between early seizure onset and
ADHD development is still uncertain [50].
Regarding the type of seizures, the higher proportion

had a generalized type of epilepsy in both groups. Consid-
erable research has examined whether distinct seizure
types were associated with a higher risk of ADHD and epi-
lepsy and has found no association [31, 51, 52]. ILAE has
also concluded that specific seizure types are not antici-
pated higher risk of ADHD in epilepsy [44, 45, 50, 53].
In the current study, the comparison of EEG changes

among the three groups, namely, the group of epilepsy,
the group of ADHD with epilepsy, and the group of
ADHD with EEG changes, showed significant differences
for unprovoked generalized paroxysmal changes, which
could be attributed to the generalized type of seizures
observed in most of the cases.
Additionally, the E-Chess scores in the group of ADHD

with epilepsy and the group of epilepsy were significantly
different in the number of the anticonvulsants used and
the total E-Chess severity score. Regarding the number of
the anticonvulsant drugs used, multiple studies have been
conducted to clarify the effect of antiepileptic drugs
(AEDs) on ADHD comorbidity, but the variety of the anti-
convulsant drugs involved restricted the comparison
among studies due to their poor consistency. Polytherapy
was typically associated with a higher level of behavioral
issues according to ILAE [50, 54].
In contrast, several studies from divergent settings have

found no correlation between the numbers of anticonvul-
sant drugs and psychiatric problems [50, 55]. Furthermore,
Hermann et al. found no differences between the group of
epilepsy and the group of ADHD with epilepsy in terms of
the number of anticonvulsant drugs [44]. Regarding seizure
frequency, many previous studies have found no correlation
of seizure frequency in the studied groups [31, 51, 52].
Regarding the CPRS, a combined subtype of ADHD

predominated in the group of ADHD with EEG changes
and the group of ADHD with epilepsy, while the hyper-
activity subtype predominated in the group of ADHD
without EEG changes. Other studies have presented
similar results, in which the combined subtype of ADHD
was more prevalent than the inattentiveness subtype in
ADHD with epilepsy patients [31, 56–58].
Some studies have corroborated that the combined sub-

type was more common in patients with ADHD [31, 59].
Meanwhile, other studies have asserted that hyperactivity
and impulsivity subtypes were more common [60, 61].
According to EEG, our study categorized ADHD into

two subgroups. The group of ADHD with EEG changes
showed a predominance of the combined subtype of
ADHD similar to ADHD with epilepsy, while the group
of ADHD without EEG changes was different from other
groups. That was further confirmed by the CPRS sub-
scales, as the group of ADHD with EEG changes similar
to the group of ADHD with epilepsy had a highly ele-
vated clinical rating response in all subscales relative to
the group of ADHD without EEG changes. These varia-
tions in ADHD subtypes could be attributed to the char-
acteristics of the methodology of different studies [51].
In our study, the assessment of cognitive functions by

WISC-III questionnaires showed no significant differ-
ence in IQ classification among all groups. This is simi-
lar to studies that have validated that ADHD patients
with and without epilepsy did not vary with respect to
IQ (p = 0.48), thereby promoting a correlation between
epilepsy and ADHD, irrespective of lower IQ scores [57].
Nevertheless, the ADHD and epilepsy groups had lower
scores on the measurement of the IQ subscales (verbal,
output, and overall IQs) than other groups including the
controls with a significant difference in performance IQ.
This was explained by Hermann et al., who argued that

motor/psychomotor speed and executive functioning tended
to severely affect epilepsy-ADHD children with neuro-
psychological problems. This was marked by response inhib-
ition impairment, concept formation, mental flexibility/
working memory, and passive inattention [44, 56, 62, 63].
According to the socioeconomic scale score, most of

the children in the group of ADHD with epilepsy and
the group of epilepsy were in low socioeconomic classes
with low mean values of social scores in comparison
with the other studied groups. This could be explained
as epilepsy might be responsible for the decrease of so-
cioeconomic levels.
In a systematic review, there has been growing evidence

of the correlation between socio-economic disadvantages
and ADHD, indicating that socio-economic disadvantages
may lie on the causal pathway between, or may be trig-
gered by, ADHD genotype and phenotype [64].
Several studies reported that low socioeconomic status

is a risk factor for the development of epilepsy [65, 66],
as low socioeconomic status is associated with social and
economic deprivation, unemployment, and low income,
which in turn are associated with risk factors as birth de-
fects, trauma, infection, and poor nutrition that may
cause epilepsy [67–69].
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Another study has revealed that epilepsy prevalence is
closely linked to specific socio-economic deprivation
measures. When epilepsy is found in areas of greater so-
cioeconomic deprivation, the existing major conse-
quence of epilepsy on employment and higher education
may be substantial [70].
Regarding PedsQL, significant differences were detected

between groups, while the group of ADHD with epilepsy
had the poorest PedsQL scores. The total score and certain
subscores of PedsQL (psychological summary score) were
the lowest in the group of ADHD with epilepsy. Our find-
ings indicate that the relationship between ADHD and epi-
lepsy co-occurrence with poor PedsQL is greater than that
between isolated ADHD or epilepsy and poor PedsQL.
A poor PedsQL may be related to epilepsy, chronic

course, social stigma, learning challenges, and seizure fear
[71]. Additionally, persistent inattentiveness, hyperactivity,
and impulsive ADHD symptoms usually have severe ad-
verse effects on the academic, family, and social life of the
children affected [72]. The co-existence of these two con-
ditions may increase the risk of psychosocial and cognitive
difficulties and impairment in the QOL.
In the present study, the correlation between the total

IQ score with the total socioeconomic scale score and
the subscales of PedsQL scores among the studied
groups showed that physical summary, psychological
summary, and total QOL scores had a significant posi-
tive correlation with the total IQ score in the group of
ADHD with epilepsy, whereas no significant correlations
were detected in other groups.
Similarly, Abd El Naby et al. verified that there was a

strong significant correlation between PedsQL scores
with IQs (p value = 0.001) [17]. Other studies have con-
firmed that ADHD with epilepsy is inversely correlated
with the QOL and that treating ADHD significantly im-
proves the QOL of CWE [73, 74].
In our study, the correlation between the total socioeco-

nomic scale, total IQ, subscales of PedsQL scores with the
clinical variables of epilepsy and the E-Chess total severity
score in the group of epilepsy and the group of ADHD
with epilepsy showed a significant correlation between the
age at the onset of seizure and the total IQ score in the
group of epilepsy. Meanwhile, other scores have not af-
firmed a significant correlation. In a similar study, young
age at the onset of seizure was strongly associated with
cognitive impairment in most childhood epilepsies [75].
In contrast, some research has suggested that cognitive

dysfunction at the onset of epilepsy does not lead to the
increase of intensity over time but keeps on a trajectory
[76, 77].
Several factors may have a severe effect on cognitive

function in epilepsy, such as underlying structural le-
sions and epilepsy-related disorders, alternation in
neurogenesis and synaptogenesis and change of
excitatory/inhibitory balance, and network connectivity.
Other factors such as epileptic activity severity, psycho-
social aspects, and surgical or pharmacological treatment
of seizures may contribute to increased cognitive impair-
ment in epilepsy [78, 79].
Moreover, no significant correlation emerged between

the total E-Chess severity scores with PedsQL, which
can be explained as the majority of patients in epilepsy
groups had low severity of epilepsy.
Some studies have revealed a positive correlation be-

tween higher severity of epilepsy and lower QOL. This
could be attributed to the stigma of epilepsy, worries
about having seizures in school, cognitive impairment, im-
paired memory, and inability to pay attention which may
be associated with some epilepsy syndromes [80, 81].
Additionally, we found that no significant correlation

exists between PedsQL and socioeconomic scale scores
with the age at the onset of seizure and the duration of
epilepsy. This may be suggested by the prolonged duration
of illness that is associated with the adaptation of the child
and parents to illness, the acceptance of its stigma with
decreased anxiety and depression, and the risk of psychi-
atric comorbidities that cause the impairment of the QOL.
This study has some limitations. First, our sample size

was sufficient for the present study but not large, potentially
raising the risk of sample-specific findings and potentially
restricting their generalizability to more diverse popula-
tions. Second, most of the participants were on medications
that had several side effects that should be investigated.
We recommend that all CWE be evaluated for ADHD

and given appropriate treatment for them to improve
their QOL and protect them against cognitive impair-
ments. Also, further research on a larger group of pa-
tients will help support our results.

Conclusion
Our study demonstrated that ADHD with epilepsy is as-
sociated with low performance IQ, poor socioeconomic
level, and the QOL. PedsQL shows a significant correl-
ation with the total IQ score.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s43045-020-00054-9.

Additional file 1:. Supplemental Data.

Abbreviations
PedsQL: The Pediatric Quality of Life Inventory; CPRS: Conners’ Parent Rating
Scale; WISC-III: Wechsler Intelligence Scale for Children-3rd edition; E-
Chess: Early Childhood Epilepsy Severity Scale; EEG: Electroencephalography;
CWE: Children with epilepsy; ILAE: The International League Against Epilepsy

Acknowledgements
We would like to thank the Newton–Mosharafa Fund (a collaboration
between the Ministry of Higher Education in Egypt and the British Council)

https://doi.org/10.1186/s43045-020-00054-9
https://doi.org/10.1186/s43045-020-00054-9


Ahmed et al. Middle East Current Psychiatry           (2020) 27:45 Page 10 of 12
that awarded a scholarship in King’s College London with Prof. Patric Bolton.
Our deepest thanks for his help and support, step-by-step advisement, and
guidance all over this research. The authors would like to thank King’s Col-
lege London for its collaboration.

Authors’ contributions
GA recruited patients, interpreted the patients’ data, and was the contributor
in writing the manuscript. AD and HK revised data interpretation, read, and
approved the final manuscript. MK helped in data entry, analyzed, and
generated result sheets. The author(s) read and approved the final
manuscript.

Funding
Only Gellan Karamallah was awarded by the Newton–Mosharafa Fund.

Availability of data and materials
All data generated or analyzed during this study are available from
corresponding author on request.

Ethics approval and consent to participate
This study had ethical approval from Institutional Review Board (IRB) of
Faculty of Medicine, Assiut University, with approval number 17200196. This
study was registered on clinical trial with registration number NCT03806946.
The parents signed an informed consent on behalf of their children to take
part in the study.

Consent for publication
Not applicable

Competing interests
The authors declare no conflicts of interests.

Author details
1Department of Neurology and Psychiatry, Assiut University, Assiut 71516,
Egypt. 2Department of Economics, Neuroeconomics and finance, Claremont
Graduate University, Claremont, CA 91711, USA.

Received: 1 July 2020 Accepted: 31 August 2020

References
1. Moshé SL, Perucca E, Ryvlin P, Tomson T (2015) Epilepsy: new advances.

Lancet (London, England) 385(9971):884–898. https://doi.org/10.1016/S0140-
6736(14)60456-6

2. Camfield P, Camfield C (2015) Incidence, prevalence and aetiology of
seizures and epilepsy in children. Epileptic Disord 17(2):117–123. https://doi.
org/10.1684/epd.2015.0736

3. Witt J-A, Helmstaedter C (2017) Cognition in epilepsy: current clinical issues
of interest. Curr Opin Neurol 30(2):174–179. https://doi.org/10.1097/WCO.
0000000000000430

4. Reuner G, Kadish NE, Doering JH, Balke D, Schubert-Bast S (2016) Attention
and executive functions in the early course of pediatric epilepsy. Epilepsy
Behav 60:42–49. https://doi.org/10.1016/j.yebeh.2016.04.011

5. Welsh MC, Pennington BF (1988) Assessing frontal lobe functioning in
children: views from developmental psychology. Dev Neuropsychol 4(3):
199–230. https://doi.org/10.1080/87565648809540405

6. Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD
(2000) The unity and diversity of executive functions and their contributions
to complex “frontal lobe” tasks: a latent variable analysis. Cogn Psychol
41(1):49–100. https://doi.org/10.1006/cogp.1999.0734

7. Moavero R, Santarone ME, Galasso C, Curatolo P (2017) Cognitive and
behavioral effects of new antiepileptic drugs in pediatric epilepsy. Brain Dev
39(6):464–469. https://doi.org/10.1016/j.braindev.2017.01.006

8. Ulate-Campos A, Fernández IS (2017) Cognitive and behavioral
comorbidities: an unwanted effect of antiepileptic drugs in children. Semin
Pediatr Neurol 24(4):320–330. https://doi.org/10.1016/j.spen.2017.10.011

9. Helmstaedter C, Witt JA, Hoppe C (2019) Evaluating the mediating role of
executive functions for antiepileptic drugs’ effects on IQ in children and
adolescents with epilepsy. Epilepsy & behavior : E&B 96:98–103. https://doi.
org/10.1016/j.yebeh.2019.04.003
10. Williams AE, Giust JM, Kronenberger WG, Dunn DW (2016) Epilepsy and
attention-deficit hyperactivity disorder: links, risks, and challenges.
Neuropsychiatr Dis Treat 12:287–296. https://doi.org/10.2147/NDT.S81549

11. Sherman EM, Slick DJ, Eyrl KL (2006) Executive dysfunction is a significant
predictor of poor quality of life in children with epilepsy. Epilepsia. 47(11):
1936–1942. https://doi.org/10.1111/j.1528-1167.2006.00816.x

12. Love CE, Webbe F, Kim G, Lee KH, Westerveld M, Salinas CM (2016) The role
of executive functioning in quality of life in pediatric intractable epilepsy.
Epilepsy Behav 64(Pt A):37–43. https://doi.org/10.1016/j.yebeh.2016.08.018

13. Raty LK, Wilde Larsson BM (2007) Quality of life in young adults with
uncomplicated epilepsy. Epilepsy & behavior : E&B 10(1):142–147. https://
doi.org/10.1016/j.yebeh.2006.09.010

14. Smeets VM, van Lierop BA, Vanhoutvin JP, Aldenkamp AP, Nijhuis FJ (2007)
Epilepsy and employment: literature review. Epilepsy & behavior : E&B 10(3):
354–362. https://doi.org/10.1016/j.yebeh.2007.02.006

15. Cohen R, Senecky Y, Shuper A, Inbar D, Chodick G, Shalev V et al (2013)
Prevalence of epilepsy and attention-deficit hyperactivity (ADHD) disorder: a
population-based study. J Child Neurol 28(1):120–123. https://doi.org/10.
1177/0883073812440327

16. Besag F, Gobbi G, Caplan R, Sillanpää M, Aldenkamp A, Dunn DW (2016)
Psychiatric and behavioural disorders in children with epilepsy (ILAE Task
Force Report): epilepsy and ADHD. Epileptic Disord. https://doi.org/10.1684/
epd.2016.0811

17. Abd El Naby SA, Naguib YM (2018) Sociodemographic, electrophysiological, and
biochemical profiles in children with attention deficit hyperactivity disorder and/
or epilepsy. Behav Neurol 2018. https://doi.org/10.1155/2018/8932817

18. Silvestri R, Gagliano A, Calarese T, Arico I, Cedro C, Condurso R et al (2007)
Ictal and interictal EEG abnormalities in ADHD children recorded over night
by video-polysomnography. Epilepsy Res 75(2-3):130–137. https://doi.org/10.
1016/j.eplepsyres.2007.05.007

19. Fonseca LC, Tedrus GMA, Cd M, Machado AV, Almeida MPd, Oliveira DOFd
(2008) Epileptiform abnormalities and quantitative EEG in children with
attention-deficit/hyperactivity disorder. Arq Neuropsiquiatr 66(3A):462–467.
https://doi.org/10.1590/s0004-282x2008000400004

20. Lee EH, Choi YS, Yoon HS, Bahn GH (2015) Clinical impact of epileptiform
discharge in children with attention-deficit/hyperactivity disorder (ADHD). J
Child Neurol 31(5):584–588. https://doi.org/10.1177/0883073815604223

21. Kanemura H, Sano F, Tando T, Hosaka H, Sugita K, Aihara M (2013) EEG
improvements with antiepileptic drug treatment can show a high
correlation with behavioral recovery in children with ADHD. Epilepsy Behav
27(3):443–448. https://doi.org/10.1016/j.yebeh.2013.03.014

22. Alloway TP, Passolunghi MC (2011) The relationship between working memory,
IQ, and mathematical skills in children. Learn Individ Differ 21(1):133–137

23. Biederman J, Petty CR, Doyle AE, Spencer T, Henderson CS, Marion B et al
(2007) Stability of executive function deficits in girls with ADHD: a
prospective longitudinal followup study into adolescence. Dev
Neuropsychol 33(1):44–61. https://doi.org/10.1080/87565640701729755

24. Brocki KC, Randall KD, Bohlin G, Kerns KA (2008) Working memory in school-
aged children with attention-deficit/hyperactivity disorder combined type:
are deficits modality specific and are they independent of impaired
inhibitory control? J Clin Exp Neuropsychol 30(7):749–759. https://doi.org/
10.1080/13803390701754720

25. Castellanos FX, Tannock R (2002) Neuroscience of attention-deficit/
hyperactivity disorder: the search for endophenotypes. Nat Rev Neurosci
3(8):617–628. https://doi.org/10.1038/nrn896

26. Pfiffner LJ, Rooney ME, Jiang Y, Haack LM, Beaulieu A, McBurnett K (2018)
Sustained effects of collaborative school-home intervention for attention-
deficit/hyperactivity disorder symptoms and impairment. J Am Acad Child
Adolesc Psychiatry 57(4):245–251. https://doi.org/10.1016/j.jaac.2018.01.016

27. Bagwell CL, Molina BS, Pelham WE Jr, Hoza B (2001) Attention-deficit
hyperactivity disorder and problems in peer relations: predictions from
childhood to adolescence. J Am Acad Child Adolesc Psychiatry 40(11):1285–
1292. https://doi.org/10.1097/00004583-200111000-00008

28. Sawyer MG, Whaites L, Rey JM, Hazell PL, Graetz BW, Baghurst P (2002)
Health-related quality of life of children and adolescents with mental
disorders. J Am Acad Child Adolesc Psychiatry 41(5):530–537. https://doi.
org/10.1097/00004583-200205000-00010

29. Matza LS, Swensen AR, Flood EM, Secnik K, Leidy NK (2004) Assessment of
health-related quality of life in children: a review of conceptual,
methodological, and regulatory issues. Value Health 7(1):79–92. https://doi.
org/10.1111/j.1524-4733.2004.71273.x

https://doi.org/10.1016/S0140-6736(14)60456-6
https://doi.org/10.1016/S0140-6736(14)60456-6
https://doi.org/10.1684/epd.2015.0736
https://doi.org/10.1684/epd.2015.0736
https://doi.org/10.1097/WCO.0000000000000430
https://doi.org/10.1097/WCO.0000000000000430
https://doi.org/10.1016/j.yebeh.2016.04.011
https://doi.org/10.1080/87565648809540405
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1016/j.braindev.2017.01.006
https://doi.org/10.1016/j.spen.2017.10.011
https://doi.org/10.1016/j.yebeh.2019.04.003
https://doi.org/10.1016/j.yebeh.2019.04.003
https://doi.org/10.2147/NDT.S81549
https://doi.org/10.1111/j.1528-1167.2006.00816.x
https://doi.org/10.1016/j.yebeh.2016.08.018
https://doi.org/10.1016/j.yebeh.2006.09.010
https://doi.org/10.1016/j.yebeh.2006.09.010
https://doi.org/10.1016/j.yebeh.2007.02.006
https://doi.org/10.1177/0883073812440327
https://doi.org/10.1177/0883073812440327
https://doi.org/10.1684/epd.2016.0811
https://doi.org/10.1684/epd.2016.0811
https://doi.org/10.1155/2018/8932817
https://doi.org/10.1016/j.eplepsyres.2007.05.007
https://doi.org/10.1016/j.eplepsyres.2007.05.007
https://doi.org/10.1590/s0004-282x2008000400004
https://doi.org/10.1177/0883073815604223
https://doi.org/10.1016/j.yebeh.2013.03.014
https://doi.org/10.1080/87565640701729755
https://doi.org/10.1080/13803390701754720
https://doi.org/10.1080/13803390701754720
https://doi.org/10.1038/nrn896
https://doi.org/10.1016/j.jaac.2018.01.016
https://doi.org/10.1097/00004583-200111000-00008
https://doi.org/10.1097/00004583-200205000-00010
https://doi.org/10.1097/00004583-200205000-00010
https://doi.org/10.1111/j.1524-4733.2004.71273.x
https://doi.org/10.1111/j.1524-4733.2004.71273.x


Ahmed et al. Middle East Current Psychiatry           (2020) 27:45 Page 11 of 12
30. Ashjazadeh N, Yadollahikhales G, Ayoobzadehshirazi A, Sadraii N, Hadi N
(2014) Comparison of the health-related quality of life between epileptic
patients with partial and generalized seizure. Iran J Neurol 13(2):94–100.
https://doi.org/10.1186/1478-7547-3-5

31. Ekinci O, Okuyaz Ç, Erdoğan S, Gunes S, Ekinci N, Kalınlı M et al (2017)
Attention-deficit hyperactivity disorder (ADHD) in epilepsy and primary
ADHD: differences in symptom dimensions and quality of life. J Child
Neurol 32(14):1083–1091. https://doi.org/10.1177/0883073817737445

32. Agarwal R, Goldenberg M, Perry R, IsHak WW (2012) The quality of life of
adults with attention deficit hyperactivity disorder: a systematic review.
Innov Clin Neurosci 9(5-6):10–21

33. Danckaerts M, Sonuga-Barke EJS, Banaschewski T, Buitelaar J, Döpfner M,
Hollis C et al (2010) The quality of life of children with attention deficit/
hyperactivity disorder: a systematic review. Eur Child Adolesc Psychiatry
19(2):83–105. https://doi.org/10.1007/s00787-009-0046-3

34. Dunn DW, Austin JK, Harezlak J, Ambrosius WT (2003) ADHD and epilepsy
in childhood. Dev Med Child Neurol 45(1):50–54

35. American Psychiatric Association (2013) Diagnostic and statistical manual of
mental disorders teAPA, Washington, DC

36. Ibrahim M, Bishry Z, Hamed A (2002) Comparison of Mini International
Neuropsychiatric Interview for children (MINI-KID) with the schedules for
affective disorders and schizophrenia for school aged children, present and
lifetime version (KSADS-PL). MD thesis. Ain Shams University

37. Humphrey A, Ploubidis GB, Yates JR, Steinberg T, Bolton PF (2008) The early
childhood epilepsy severity scale (E-chess). Epilepsy Res 79(2-3):139–145.
https://doi.org/10.1016/j.eplepsyres.2008.01.007

38. Conners KC (2008) Conners 3rd edition. Multi-Health Systems, Toronto
39. Meleka L, Ismail M (1999) Arabic translation of Wechsler Intelligence Scale

for children. Egyptian Anglo library, Cairo
40. Abdel-Tawab MA (2010) Socioeconomic scale for family, revised edition. M.D.

thesis in educational basics, Faculty of Education. Assiut University 3:32–55
41. Sabbah I, Sabbah H, Sabbah S, Akoum H, Droubi N, Mercier M (2012)

Measurement properties of the Arabic Lebanon version of the Pediatric
Quality of Life Inventory 4.0 generic core scales for young child (5-7 years),
and child aged 8-12 years: Quality of Life of in Urban and Rural Children in
Lebanon. Creative Educ 3(06):959

42. Shetty PH, Naik RK, Saroja A, Punith K (2011) Quality of life in patients with
epilepsy in India. J Neurosci Rural Pract 2(1):33–38. https://doi.org/10.4103/
0976-3147.80092

43. Besag F, Gobbi G, Aldenkamp A, Caplan R, Dunn DW, Sillanpää M (2016)
Psychiatric and behavioural disorders in children with epilepsy (ILAE Task
Force Report): behavioural and psychiatric disorders associated with
childhood epilepsy syndromes. Epileptic Disord. https://doi.org/10.1684/epd.
2016.0815

44. Hermann B, Jones J, Dabbs K, Allen CA, Sheth R, Fine J et al (2007) The
frequency, complications and aetiology of ADHD in new onset paediatric
epilepsy. Brain. 130(12):3135–3148. https://doi.org/10.1093/brain/awm227

45. Hesdorffer DC, Ludvigsson P, Olafsson E, Gudmundsson G, Kjartansson O,
Hauser WA (2004) ADHD as a risk factor for incident unprovoked seizures
and epilepsy in children. Arch Gen Psychiatry 61(7):731–736. https://doi.org/
10.1001/archpsyc.61.7.731

46. Sherman EM, Slick DJ, Connolly MB, Eyrl KL (2007) ADHD, neurological
correlates and health-related quality of life in severe pediatric epilepsy.
Epilepsia. 48(6):1083–1091. https://doi.org/10.1111/j.1528-1167.2007.01028.x

47. Kral MC, Lally MD, Boan AD (2016) Identification of ADHD in youth with
epilepsy. J Pediatr Rehabil Med 9(3):223–229. https://doi.org/10.3233/PRM-
160383

48. Kwong KL, Lam D, Tsui S, Ngan M, Tsang B, Lam SM (2016) Attention deficit
hyperactivity disorder in adolescents with epilepsy. Pediatr Neurol 57:56–63.
https://doi.org/10.1016/j.pediatrneurol.2015.12.022

49. Danhofer P, Pejčochová J, Dušek L, Rektor I, Ošlejšková H (2018) The
influence of EEG-detected nocturnal centrotemporal discharges on the
expression of core symptoms of ADHD in children with benign childhood
epilepsy with centrotemporal spikes (BCECTS): a prospective study in a
tertiary referral center. Epilepsy Behav 79:75–81. https://doi.org/10.1016/j.
yebeh.2017.11.007

50. Auvin S, Wirrell E, Donald KA, Berl M, Hartmann H, Valente KD et al (2018)
Systematic review of the screening, diagnosis, and management of ADHD
in children with epilepsy. Consensus paper of the Task Force on
Comorbidities of the ILAE Pediatric Commission. Epilepsia. 59(10):1867–1880.
https://doi.org/10.1111/epi.14549
51. Costa CRCMd, Oliveira GdM, Gomes MdM, Maia Filho HdS (2015) Clinical
and neuropsychological assessment of attention and ADHD comorbidity in
a sample of children and adolescents with idiopathic epilepsy. Arq
Neuropsiquiatr 73(2):96–103. https://doi.org/10.1590/0004-282X20140219

52. Rheims S, Herbillon V, Villeneuve N, Auvin S, Napuri S, Cances C et al (2016)
ADHD in childhood epilepsy: clinical determinants of severity and of the
response to methylphenidate. Epilepsia. 57(7):1069–1077. https://doi.org/10.
1111/epi.13420

53. Dunn DW, Austin JK, Harezlak J (2003) ADHD and epilepsy in childhood.
Dev Med Child Neurol 45(1):50–54

54. Samaitienė R, Norkūnienė J, Jurkevičienė G, Grikinienė J (2012) Behavioral
problems in children with benign childhood epilepsy with centrotemporal
spikes treated and untreated with antiepileptic drugs. Medicina. 48(7):50

55. Powell K, Walker RW, Rogathe J, Gray WK, Hunter E, Newton CR et al (2015)
Cognition and behavior in a prevalent cohort of children with epilepsy in
rural northern Tanzania: a three-year follow-up study. Epilepsy Behav 51:
117–123. https://doi.org/10.1016/j.yebeh.2015.06.034

56. Barkley RA, Murphy KR (2006) Attention-deficit hyperactivity disorder: a
clinical workbook. Guilford Press

57. Socanski D, Aurlien D, Herigstad A, Thomsen PH, Larsen TK (2013) Epilepsy
in a large cohort of children diagnosed with attention deficit/hyperactivity
disorders (ADHD). Seizure. 22(8):651–655. https://doi.org/10.1016/j.seizure.
2013.04.021

58. Graetz BW, Sawyer MG, Hazell PL, Arney F, Baghurst P (2001) Validity of
DSM-IV ADHD subtypes in a nationally representative sample of Australian
children and adolescents. J Am Acad Child Adolesc Psychiatry 40(12):1410–
1417. https://doi.org/10.1097/00004583-200112000-00011

59. Farah LG, Fayyad JA, Eapen V, Cassir Y, Salamoun MM, Tabet CC et al (2009)
ADHD in the Arab world: a review of epidemiologic studies. J Atten Disord
13(3):211–222. https://doi.org/10.1177/1087054708325976

60. Loutfi KS, Carvalho AM, Lamounier JA, de Almeida Nascimento J (2011)
ADHD and epilepsy: contributions from the use of behavioral rating scales
to investigate psychiatric comorbidities. Epilepsy Behav 20(3):484–489.
https://doi.org/10.1016/j.yebeh.2010.12.043

61. Zhao Q, Wang M, Kang H, Zhu S (2018) Behavior problems in children with
epilepsy and attention-deficit hyperactivity disorder in Central China.
Epilepsy Behav 89:79–83. https://doi.org/10.1016/j.yebeh.2018.10.001

62. Seidman LJ (2006) Neuropsychological functioning in people with ADHD
across the lifespan. Clin Psychol Rev 26(4):466–485. https://doi.org/10.1016/j.
cpr.2006.01.004

63. Doyle AE (2006) Executive functions in attention-deficit/hyperactivity
disorder. J Clin Psychiatry 67:21–26

64. Russell AE, Ford T, Williams R, Russell G (2016) The association between
socioeconomic disadvantage and attention deficit/hyperactivity disorder
(ADHD): A Systematic Review. Child Psychiatry Hum Dev 47(3):440–458.
https://doi.org/10.1007/s10578-015-0578-3

65. Hesdorffer DC, Tian H, Anand K, Hauser WA, Ludvigsson P, Olafsson E et al
(2005) Socioeconomic status is a risk factor for epilepsy in Icelandic adults
but not in children. Epilepsia. 46(8):1297–1303. https://doi.org/10.1111/j.
1528-1167.2005.10705.x

66. Heaney DC, MacDonald BK, Everitt A, Stevenson S, Leonardi GS, Wilkinson P
et al (2002) Socioeconomic variation in incidence of epilepsy: prospective
community based study in south east England. BMJ (Clinical research ed)
325(7371):1013–1016. https://doi.org/10.1136/bmj.325.7371.1013

67. Winkleby MA, Jatulis DE, Frank E, Fortmann SP (1992) Socioeconomic status
and health: how education, income, and occupation contribute to risk
factors for cardiovascular disease. Am J Public Health 82(6):816–820. https://
doi.org/10.2105/ajph.82.6.816

68. Karp A, Kåreholt I, Qiu C, Bellander T, Winblad B, Fratiglioni L (2004) Relation of
education and occupation-based socioeconomic status to incident Alzheimer’s
disease. Am J Epidemiol 159(2):175–183. https://doi.org/10.1093/aje/kwh018

69. Cubbin C, LeClere FB, Smith GS (2000) Socioeconomic status and the
occurrence of fatal and nonfatal injury in the United States. Am J Public
Health 90(1):70–77. https://doi.org/10.2105/ajph.90.1.70

70. Steer S, Pickrell WO, Kerr MP, Thomas RH (2014) Epilepsy prevalence and
socioeconomic deprivation in England. Epilepsia. 55(10):1634–1641. https://
doi.org/10.1111/epi.12763

71. Giuliano L, Cicero CE, Padilla S, Mayaregua DR, Villarreal WMC, Sofia V et al
(2019) Knowledge, stigma, and quality of life in epilepsy: results before and
after a community-based epilepsy awareness program in rural Bolivia.
Epilepsy Behav 92:90–97. https://doi.org/10.1016/j.yebeh.2018.11.036

https://doi.org/10.1186/1478-7547-3-5
https://doi.org/10.1177/0883073817737445
https://doi.org/10.1007/s00787-009-0046-3
https://doi.org/10.1016/j.eplepsyres.2008.01.007
https://doi.org/10.4103/0976-3147.80092
https://doi.org/10.4103/0976-3147.80092
https://doi.org/10.1684/epd.2016.0815
https://doi.org/10.1684/epd.2016.0815
https://doi.org/10.1093/brain/awm227
https://doi.org/10.1001/archpsyc.61.7.731
https://doi.org/10.1001/archpsyc.61.7.731
https://doi.org/10.1111/j.1528-1167.2007.01028.x
https://doi.org/10.3233/PRM-160383
https://doi.org/10.3233/PRM-160383
https://doi.org/10.1016/j.pediatrneurol.2015.12.022
https://doi.org/10.1016/j.yebeh.2017.11.007
https://doi.org/10.1016/j.yebeh.2017.11.007
https://doi.org/10.1111/epi.14549
https://doi.org/10.1590/0004-282X20140219
https://doi.org/10.1111/epi.13420
https://doi.org/10.1111/epi.13420
https://doi.org/10.1016/j.yebeh.2015.06.034
https://doi.org/10.1016/j.seizure.2013.04.021
https://doi.org/10.1016/j.seizure.2013.04.021
https://doi.org/10.1097/00004583-200112000-00011
https://doi.org/10.1177/1087054708325976
https://doi.org/10.1016/j.yebeh.2010.12.043
https://doi.org/10.1016/j.yebeh.2018.10.001
https://doi.org/10.1016/j.cpr.2006.01.004
https://doi.org/10.1016/j.cpr.2006.01.004
https://doi.org/10.1007/s10578-015-0578-3
https://doi.org/10.1111/j.1528-1167.2005.10705.x
https://doi.org/10.1111/j.1528-1167.2005.10705.x
https://doi.org/10.1136/bmj.325.7371.1013
https://doi.org/10.2105/ajph.82.6.816
https://doi.org/10.2105/ajph.82.6.816
https://doi.org/10.1093/aje/kwh018
https://doi.org/10.2105/ajph.90.1.70
https://doi.org/10.1111/epi.12763
https://doi.org/10.1111/epi.12763
https://doi.org/10.1016/j.yebeh.2018.11.036


Ahmed et al. Middle East Current Psychiatry           (2020) 27:45 Page 12 of 12
72. Haack LM, Villodas M, McBurnett K, Hinshaw S, Pfiffner LJ (2017) Parenting
as a mechanism of change in psychosocial treatment for youth with ADHD,
predominantly inattentive presentation. J Abnorm Child Psychol 45(5):841–
855. https://doi.org/10.1007/s10802-016-0199-8

73. Yoo HK, Park S, Wang H-R, Lee JS, Kim K, Paik K-W et al (2009) Effect of
methylphenidate on the quality of life in children with epilepsy and
attention deficit hyperactivity disorder. Epileptic Disorders 11(4):301–308.
https://doi.org/10.1684/epd.2009.0278

74. Radziuk AL, Kieling RR, Santos K, Rotert R, Bastos F, Palmini AL (2015)
Methylphenidate improves the quality of life of children and adolescents
with ADHD and difficult-to-treat epilepsies. Epilepsy Behav 46:215–220.
https://doi.org/10.1016/j.yebeh.2015.02.019

75. Hermann B, Jones J, Sheth R, Dow C, Koehn M, Seidenberg M (2006)
Children with new-onset epilepsy: neuropsychological status and brain
structure. Brain. 129(10):2609–2619. https://doi.org/10.1093/brain/awl196

76. Bailet LL, Turk WR (2000) The impact of childhood epilepsy on neurocognitive
and behavioral performance: a prospective longitudinal study. Epilepsia. 41(4):
426–431. https://doi.org/10.1111/j.1528-1157.2000.tb00184.x

77. Hermann BP, Jones JE, Sheth R, Koehn M, Becker T, Fine J et al (2008)
Growing up with epilepsy: a two-year investigation of cognitive
development in children with new onset epilepsy. Epilepsia. 49(11):1847–
1858. https://doi.org/10.1111/j.1528-1167.2008.01735.x

78. Berg AT, Caplan R, Hesdorffer DC (2011) Psychiatric and
neurodevelopmental disorders in childhood-onset epilepsy. Epilepsy Behav
20(3):550–555. https://doi.org/10.1016/j.yebeh.2010.12.038

79. Holmes GL (2016) Effect of seizures on the developing brain and cognition.
Seminars in pediatric neurology. Elsevier, pp 120–126

80. Sabaz M, Cairns DR, Lawson JA, Nheu N, Bleasel AF, Bye AM (2000)
Validation of a new quality of life measure for children with epilepsy.
Epilepsia. 41(6):765–774. https://doi.org/10.1111/j.1528-1157.2000.tb00240.x

81. Clary LE, Vander Wal JS, Titus JB (2010) Examining health-related quality of
life, adaptive skills, and psychological functioning in children and
adolescents with epilepsy presenting for a neuropsychological evaluation.
Epilepsy Behav 19(3):487–493. https://doi.org/10.1016/j.yebeh.2010.08.002

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

https://doi.org/10.1007/s10802-016-0199-8
https://doi.org/10.1684/epd.2009.0278
https://doi.org/10.1016/j.yebeh.2015.02.019
https://doi.org/10.1093/brain/awl196
https://doi.org/10.1111/j.1528-1157.2000.tb00184.x
https://doi.org/10.1111/j.1528-1167.2008.01735.x
https://doi.org/10.1016/j.yebeh.2010.12.038
https://doi.org/10.1111/j.1528-1157.2000.tb00240.x
https://doi.org/10.1016/j.yebeh.2010.08.002

	Abstract
	Background
	Results
	Conclusion

	Background
	Method
	Aim of study
	Study design
	Site of the study and selection of participants
	Inclusion criteria
	Exclusion criteria
	Ethical considerations
	Tools
	Electroencephalography
	Early Childhood Epilepsy Severity Scale (applied only for the epileptic group) [37]
	Conners’ Parent Rating Scale [38]
	Wechsler Intelligence Scale for Children-3rd edition (Arabic version by [39])
	Socioeconomic scale [40]
	Pediatric Quality of Life Inventory, parent–proxy report formats [41]

	Statistical analysis

	Results
	Demographic data
	Clinical features among epilepsy groups
	Conners 3rd Edition Scale
	Wechsler Intelligence Scale for Children-3rd edition
	Socioeconomic scale
	Pediatric Quality of Life Inventory
	Correlation results
	Correlation between the total IQ score with socioeconomic scale score and the subscales of PedsQL scores among the studied groups
	Correlation among socioeconomic score, total IQ score, subscales of PedsQL scores with the clinical variables of epilepsy, and E-Chess total severity score in the group of epilepsy and the group of ADHD with epilepsy


	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

