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Abstract
In children with epilepsy, nutritional problem of varying degree and cognitive problems are common co-morbidities. There is
evidence that under-malnutrition can impair cognitive development in children. However, the association between nutritional
status and cognitive capacity of CWE has not been extensively studied in Nigerian children. This study, therefore, sought to
evaluate the association between nutritional status and cognitive performance of school age children with epilepsy. We carried
out cross-sectional study of 60 newly-diagnosed school-aged CWE seen at the University of Benin Teaching Hospital. The Wechsler
intelligence scale for children (Fourth edition) and the Iron Psychology computerized test battery were used to assess intelligence,
attentional ability, memory and psychomotor function. We analyzed the relationship between anthropometric measures of
nutritional status and cognitive scores. Associations were significant at p<0.05.
The children’s age ranged from 6.3years to 12.0 years with a mean age was 9.45 years (SD 1.88 years). Thirty-two (53.3%) were
boys, and 29 (48.3%) were from the lower socio-economic class. Most of the participants had generalized epilepsy (80%) and
developed their first seizure after their fifth birthday (56.6%). Seven (11.7%) of the study participants were under-nourished and
seven (11.7%) had overweight. None of the participants was wasted or stunted. Malnourished children had significantly poorer
performance than the well-nourished CWE in test of Attention (F-4.927, p-0.031), verbal memory (F-6.618, p-0.013) and Fine motor
control (F-11.764, p-0.001). Overweight children had comparable scores as children with normal nutritional status. In conclusion,
about one in ten school-aged CWE have undernutrition and a similar proportion has overweight. Children with undernutrition
have impaired attention, verbal memory and fine-motor control in comparison to their well-nourished counterparts. Overweight
school-age CWE have similar cognitive performance as those with normal nutritional status.
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Introduction
Malnutrition in children is a major public health challenges
in low- and middle-income countries today [1]. Approximately
200 million children worldwide do not reach their developmental
potential as a result of under-nutrition and poverty [2]. Of these,
more than 170 million children are stunted and 52 million wasted
worldwide.2 Studies from Nigeria report undernutrition in 9.9
– 20% and stunting in 1.4 – 41.6% of school age children with
significant rural-urban variation [3-5]. Recent reports also suggest
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that the prevalence of overweight and obesity among children and
adolescence is increasing [6]. A study from Nigeria have documented
prevalence of overweight and obesity in school age children to
be 6.6% and 8.9% respectively [7]. The school age is a period of
significant physical and cognitive changes and strain.8 This period
is characterized by increased activity and the development of
physical and cognitive functions.8 Generally, school age children
require ample nourishment and physical activity for healthy
brain growth, optimal learning, and ultimately, good academic
performance [8]. There is evidence that under-malnutrition can
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impair cognitive development in children [9]. This is because
malnourished children lack essential micronutrients which are
very pivotal in early childhood brain development.9 Fink and
colleagues investigated the effects of growth during late-childhood
and early-adolescence period on schooling and developmental
outcomes. They found that among children stunted at age eight
years of age, those who remained stunted at 15 years had greater
deficit in cognitive scores than their peers whose growth deficit
had corrected with adequate feeding [10]. On the other side of the
spectrum, problems with attention switching tasks have also been
reported amongst children with obesity [11].
In children with epilepsy, nutritional problem of varying degree
and cognitive problems are common co-morbidities [12]. It has
been suggested that malnutrition may be partly responsible for the
high prevalence of epilepsy and cognitive problems among children
in developing countries [12]. Experimental models have shown
some association between malnutrition and cognitive problems
in animals with experimentally induced seizures [13]. However,
this association have not been extensively studied in children with
epilepsy. This study, therefore, sought to evaluate the association
between nutritional status and cognitive performance of school
age children with epilepsy. We hypothesized that the presence of
under-nutritional in school age children with epilepsy would result
in poorer cognitive performance in these children compared to
well-nourished children with epilepsy.

Materials and Methods
Study Design

This was a hospital-based analytical cross-sectional study.

Participants

Subjects included school age children with epilepsy (CWE)
who presented at the Paediatric Neurology Clinic of the University
of Benin Teaching Hospital (UBTH). Participants were recruited at
first presentation at the Paediatric Neurology Clinic. The aim of the
study and procedures involved were explained in detail to them
and/or their parents/carers. Thereafter informed consent was
gotten from the parents/care givers while the participants gave
accent. Epilepsy was classified based on the International League
Against Epilepsy (ILAE) criteria [14]. A researcher-administered
proforma was used to obtain information including age, gender,
parent’s occupation, parent’s level of education, age at onset of
epilepsy, frequency of seizures and type of seizures.
Subjects were selected based on the following criteria:
a)

age 6 – 12 years,

c)

absence of other known neurologic diagnosis.

b)

absence of known causes of seizures and
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Procedures and Cognitive Assessment
Anthropometric measurements were taken by the same
operator, according to conventional criteria and measuring
procedures [15]. For weight measurement, the scale was placed
on a flat, hard, even surface, child was in minimum clothing during
weighing, removed his/her shoes, and the weight was recorded
to the nearest 100 Grams. The height was measured by using a
standiometer. The child was standing without shoes with feet
parallel on an even platform stretching fullest, arms hanging on the
sides, and buttocks and heels touching the rod, the head held erect
with lower border of the eye orbit in the same horizontal plane as
the external canal of the ear (Frankfort plane) and the head piece
lowered to touch the top of the head. The Height (cm) was measured
to the nearest 0.5 cm. Intellectual function was assessed using the
Wechsler’s intelligence scale for children fourth edition (WISC IV)
[16] while attention, memory, reaction times and fine motor control
were assessed using the Iron Psychology computerized test battery
[17].

Statistical Analysis

The data obtained were analyzed using Statistical Package for
Scientific Solutions (SPSS) version 21.0 (IBM SPSS version 21.0).
The primary outcome (cognitive scores) were presented using
means (± standard deviation). The categorical variables such as
gender and socioeconomic status were summarized as frequencies
and percentages. Socioeconomic status of participants was
assessed using the father’s occupation and mother’s educational
level as described by Olusanya et al. [18] Student t-test was used to
compare means of continuous variables like age and FSIQ scores.
Recognizing that cognitive development could be influenced by
socio-economic class we controlled for the child’s social class. The
level of significance was set at p<0.05 and confidence level at 95%.

Ethic

Ethical approval was obtained from the Research Ethics
Committee of UBTH.

Result

Sociodemographic and Seizure Characteristics of Study
Participants
Sixty school aged children who were recently diagnosed with
epilepsy were recruited for this study. The children’s age ranged
from 6.3 years to 12.0 years with a mean age was 9.45 years
(standard deviation of 1.88 years). Thirty-two (53.3%) were
boys, and 29 (48.3%) were from the lower socio-economic class.
Most of the participants had generalized epilepsy (80%) and
developed their first seizure after their fifth birthday (56.6%). The
sociodemographic and clinical characteristics are summarized in
Table 1.
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Table 1: sociodemographic and clinical characteristics of study subjects.
Characteristics

Frequency

Percentage

Age (mean + SD)

9.45 years (+ 1.88)

Male

32

Sex

53.3

Female

28

Social Economic class

46.7

Upper

17

28.3

Lower

Age at onset of epilepsy

29

48.3

< 5 years

26

43.4

Middle

14

23.3

>5 years

34

Duration of epilepsy

56.6

< 5 years

48

80

>5 years

12

Seizure type

20

Focal

12

20

Generalized

48

Nutritional Status of Participants
Seven (11.7%) of the study participants had BMI z-score less
than -2Z and seven (11.7%) had BMI z-scores above +2Z. None
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of the participants was wasted but 10 (16.7%) had WAZ scores
greater than +2Z. All participants had HAZ scores greater than -2Z
scores Table 2 and Figure 1.

Table 2: Comparison of cognitive performance between normal and undernourished school-age children with epilepsy.
Cognitive Test

Undernourished (n=7)

Normal (n=46)

F

P

FSIQ (Intelligence)

81.86

82.96

0.035

0.852

79.09

6.618

Binary Choice Reaction (Attention)

606.29

523.72

Figural Recognition (Visual Memory)

26.67

29.27

Word Recognition (Verbal Memory)

55.69

Auditory Reaction

567.43

502.85

Tapping task

40.89

49.55

Visual Reaction

*Significant at p< 0.05

565.29

482.83

4.927

0.031*

0.934

0.338

1.959
2.442

11.764

0.013*
0.169
0.124

0.001*

Figure 1: Nutritional status (BMI Z-score) of school-aged children with epilepsy.
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Mean Cognitive Scores of Study Sample
The mean scores of the tests were 84.8 (± 14.6) for general
intelligence (WISC-IV), 533.2 (± 97.0) for attention (Fepsy-Bch),
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75.98 (+ 23.98) for verbal memory (word recognition accuracy),
29.37 (+ 7.21) for visuo-spatial memory (figural recognition
accuracy), 516.52 (+ 145.74) for auditory reaction (Fepsy) and
437.02 ± 124.56 for visual reaction (Fepsy).

Association Between Nutritional Status and Cognitive Performance of Children with Epilepsy

Table 3: Comparison of cognitive performance between normal and overweight school-age children with epilepsy.
Cognitive Test

Overweight (n=7)

FSIQ (Intelligence)

100.14

Word Recognition (Verbal Memory)

75.79

Binary Choice Reaction (Attention)

Figural Recognition (Visual Memory)

566.00
32.69

Normal (N=46)

F

P

82.96

8.798

0.005*

79.09

0.128

0.722

523.72
29.27

Auditory Reaction

555.57

502.85

Tapping task

48.89

49.55

Visual Reaction

*Significant at p< 0.05.

517.71

Malnourished children had poorer performance than the
well-nourished CWE in all test performed. However, significant
difference in performance was observed for test of attention (F4.927, p-0.031), verbal memory (F-6.618, p-0.013) and fine motor
control (F-11.764, p-0.001). This is shown in Table 2. Overweight
children had comparable scores as children with normal nutritional
status. They however had significantly higher FSIQ scores (F-8.798,
p-0.005) Table 3.

Discussion

More than one in 10 children with epilepsy was undernourished. Overweight was present in one-tenth of the sample
population. Under-nourished CWE show significant impairment in
test of attention, verbal memory and fine motor control compared
to their well-nourished counterparts. On the contrary, overweight
children had similar performance as well-nourished children in all
tests of cognition assessed except for general intelligence where
they fared better than well-nourished children. In the current study,
undernutrition was present in more than one in 10 (11.7%) school
age CWE. This was similar to the observation of Tekin et al. (13.8%)
among Turkish children with epilepsy [19]. It was, however, lower
than 22.1% reported by Crepin and colleagues (2007) in Djidja,
Benin [20]. The difference in prevalence may be because our study
was among children in urban locale whereas the study in Djidja was
among rural children with epilepsy. Also, the present study involved
children with idiopathic epilepsy only while their study included all
children with epilepsy. It is well known that symptomatic epilepsy
and epileptic encephalopathies may be associated with other comorbidities that can impact on nutrition including cerebral palsy
and feeding problems [21]. The prevalence reported in our study,
is also similar to what was reported among non-epileptic schoolaged children in Abakiliki, South-Eastern Nigeria (9.9%), [4] and
Eze et al. in Enugu(9.3%) [22]. The similarity of the prevalence
of undernutrition in CWE and the general population suggests
that idiopathic epilepsy may not significantly affect growth and
nutrition in school age children [23].

482.83

0.005
1.373
0.756
0.341
0.085

0.272
0.247
0.389
0.562
0.772

The prevalence of overweight among school-age children with
epilepsy in this study was 11.7%. This prevalence is comparable
with the observation of Prabowo et al in Indonesia (14.7%) [24].
Previous studies have attributed overweight and obesity in CWE
to adverse effect of prolonged use of antiepileptic drugs [25].
Our study cohort, however, were newly diagnosed CWE yet to
commence AEDs. It is likely that overweight and Obesity in CWE
is also a result of a sedentary lifestyle due restricted play and
activities imposed on them by their parents and care-givers. The
prevalence of overweight in the present study was lower than
the 18.7% reported by Daniels et al amongst paediatric patients
in Southwestern Ohio [26]. In their study, almost 4 in 10 children
had obesity or Overweight. The lower prevalence among our study
sample may be explained by the low economic status of our country
in comparison to the American population.

Concerning the association between nutritional status and
cognitive performance, school-aged CWE who were undernourished
performed more poorly than their well-nourished counterparts
in test of attention, verbal memory and fine motor control.
Similar findings have been documented in other studies [27,28].
Previous authors have suggested that the prefrontal cortex which
is responsible for attention and memory function might be the
most vulnerable to under-nutrition. The adverse effects of undernutrition on cognitive development could be related to the delay in
the maturation of certain processes like myelination and reduced
overall development of dendritic arborization of the developing
brain [29]. Overweight children on the other hand, did not differ
significantly in cognitive test scores from their counterparts with
normal BMI. Problems of attention and executive functions have
been linked with childhood obesity and overweight by a previous
study [30]. This study however, like ours did not find significant
effect of obesity and overweight on intelligence and memory
function in children. Further studies would be needed to further
explore the influence of obesity and overweight on cognition
in both children with epilepsy and those without epilepsy.
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The findings of the current study have implication for learning
and educational outcomes in children with epilepsy. It may be
necessary to reinforce school feeding programs especially in CWE
and encourage healthy eating among this population. Similarly,
continuous growth monitoring into the schools and referrals where
necessary would help to identify children with faltering nutritional
status. One limitation to our study is that a one-time anthropometry
measurement was done in study cohort. A longitudinal design
might have been demonstrated a trend and establish changes in
cognitive performance with nutritional status.

Conclusion

In conclusion, most school-age children with epilepsy in
Benin City have normal nutritional status. About one in ten have
undernutrition and a similar proportion has overweight. Children
with undernutrition have impaired attention, verbal memory
and fine-motor control in comparison to their well-nourished
counterparts. Overweight school-age CWE have similar cognitive
performance as those with normal nutritional status.
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