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ABSTRACT

Background: Epilepsy is one of the most common neurological disorders in children. It often requires
long-term antiepileptic drug [AED] therapy. AEDs are frequently associated with cognitive and
behavioral dysfunctions. Also, there is a relationship between AEDs use and homocysteine
levels. Elevated homocysteine has been associated with cognitive dysfunction. However, such
effect among epileptic children has not been well-studied.

Aim of the work: To study plasma homocysteine level in children under treatment with AEDs and its
relation to intelligence quotient [IQ].

Patients and methods: A case control study included 56 epileptic children on AED therapy for at least 6
months, and 36 healthy children [Controls]. Study was conducted at Al-Azhar University Hospital
[Damietta] from June 2016 to June 2018. Plasma homocysteine was measured using Enzymatic
Recycling [Biotecnica Instruments SpA]. 1Q testing was conducted using Stanford-Binet
Intelligence Scales, Fifth Edition.

Results: Epileptic children exhibited significant elevation of Homocysteine level [P=0.005], and significant
affection of all IQ parameters. There was significant negative correlation between homocysteine
level with total working memory, total verbal IQ and total 1Q. Multivariate regression analysis
revealed that homocysteine showed a significant and independent association with total working
memory, total verbal IQ and total IQ. None of the other studied factors revealed such association.

Conclusion: Homocysteine was a significant and independent risk factor for low total working memory
score, low total Verbal 1Q and low total 1Q scores. Further studies are required to confirm these
results, and to evaluate the effect of homocysteine-lowering treatment on cognitive function in
epileptic children.
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INTRODUCTION

Epilepsy is a disorder of the brain characterized
by a continuing predisposition to generate seizures
and by cognitive, neurobiologic, psychological and
social consequences of this condition ['l. Epilepsy is
one of the most common serious neurological
disorders predominant in childhood [2. It is a highly
stigmatizing disorder and a widely prevalent non-
communicable diseasell.

The lifetime accumulative incidence of epilepsy
is 3%, and more than half of the seizures start in
children. The prevalence of epilepsy is 0.5-1.0%
annually 11,

In Egypt, the incidence of epilepsy was
estimated to be 82.7 per 100,000 populations per
year 151, while the prevalence among children 6-14
years was 7.2/1000(6],

Epilepsy frequently requires long-standing
therapy ~ with  antiepileptic ~ drugs  [AED].
Unfortunately, prolonged intake of these drugs is
associated with adverse psychiatric and behavioral
effects 7],

Antiepileptic drugs are utilized worldwide by
millions of people for treatment of epilepsy, and in
many other psychiatric and neurological diseases.
They are frequently associated with adverse
effects, which have an impact on the tolerability and
success of treatment [81,

Homocysteine [Hcy] is an amino acid containing
sulfur. It plays an essential role in methionine
metabolism. High levels of Hcy may be due to
deficiency of cofactors [folate, vitamins B12 and
B6], or genetic polymorphisms of the vital metabolic
enzymes 11,

Cognitive impairment associated with epilepsy
may be due to the effect of epileptic syndrome as
such or as a side effect produced by AEDs [0,

On the contrary, the increased plasma Hcy
levels might have a supplementary role for long-
term side effects prompted by AED therapy
including those affecting cognitive functions [1].

High homocysteine levels have been linked with
cognitive deficiency in many conditions [12],

However, homocysteine levels in children under
treatment with antiepileptic drugs yielded conflicting
results [13],
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In addition, the effect of homocysteine on
cognitive impairment among children with epilepsy
has not been well-studied yet ['1].

AIM OF THE STUDY

We aimed at evaluating the levels of
homocysteine among a sample of epileptic children
receiving antiepileptic drug therapy for more than
six months, and to elucidate the relation between
homocysteine level and cognitive dysfunction
among those patients. In addition, we studied the
influence of various factors [such as severity of
epilepsy, types of seizures and number of AEDS]
on the relation between homocysteine and 1Q
measurements.

PATIENTS AND METHODS

The present case control study included 56
epileptic children on antiepileptic drug treatment for
at least 6 months, and 36 healthy children [controls].
Subjects were recruited from Pediatric outpatient
clinic and inpatient ward at local hospital
corresponding to Al-Azhar University at New
Damietta within the period from June 2016 to June
2018.

The inclusion criteria encompassed the
following: 1] age: 4-16 years, 2] sex: both sexes, 3]
children diagnosed as having ‘"genetic" or
"unknown" epilepsy, 4] use of antiepileptic drugs for
more than 6 months. Diagnosis of epilepsy is based
on the practical clinical definition of epilepsy
modified by ILAE!4],

Etiological classification was used according to
the new ILAE Classification of the Epilepsies '3,
Patients having other etiologies of epilepsy
[structural, metabolic, infectious or immune], had
disorders that may affect cognition or having
disorders that may affect homocysteine level
[chronic  kidney disease, hypothyroidism and
malignancies] were excluded.

Careful history was obtained, including
personal, family history, seizures history [age of first
attack, history of febrile seizures, type of seizures,
frequency and severity]. History of AEDs: duration
of treatment, number of drugs and type, and
possible side effects. Type of seizures was
recorded according to new ILAE operational
classification ['6l,

Frequency of seizures was classified as: 1] no
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seizure for 21 year, 2] one seizure per year, 3] one
seizure per month to every 6 months or 4] daily to
weekly seizure ['7].

Severity of seizures was determined through a
set of outcomes including 1] the need for
emergency department visits or hospitalizations in
the past year resulting from uncontrolled seizures,
2] seizures-related injury in the last year, and 3] time
since last seizure [18],

For plasma Hcy, blood samples were collected
under complete aseptic conditions. Plasma was
immediately separated by centrifugation at 800g for
10 min. Samples were stored at -20 °C until
transported to the laboratory using cold chain. The
reagent used is a diagnostic reagent "Liquid
Reagents — ready to use" for in vitro quantitative
detection of total L-Homocysteine in human serum
or plasma using photometric systems [Biotecnica
Instruments  S.p.A., Rome, ltaly] through
"Enzymatic Recycling". According to Di Rosa et al.
M1 the cut-off value for normal level of Hcy for
children is 9 pmol/L.

Assessment of 1Q was done using Stanford-
Binet Intelligence Scales, Fifth Edition. It provides
broad coverage of five fields of cognitive skills: 1]
fluid reasoning, 2] knowledge, 3] quantitative
reasoning, 4] visual-spatial processing and 5]
working memory [9],

Ethical consideration: The aim of the study
was clearly clarified, and informed consent was
received from parents of the children before sharing
in the study. The study was approved by our local
ethical committee.

Statistical analysis: statistical analysis was
performed using statistical package for social
sciences [SPSS] version 19 [SPSS Inc, Chicago,
USA]. Testing for normal distribution was done by
Kolmogorov-Smirnov and Shapiro-Wilk tests. For
comparison between numerical groups, the
independent samples [tf] test, Mann-Whitney,
Kruskal Wallis test or one-way ANOVA tests were
used. For comparison between categorical groups,
the Chi square or Fisher's exact tests were used.
Pearson’s r correlation co-efficient was used for
correlating parametric  continuous  variables.
Spearman’s p [rho] correlation co-efficient was
used for correlating ordinal and non-parametric
variables. Univariate linear regression analysis was
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made for investigating the causal relationship
between 1Q scores and distinctive variables.
Multivariate regression models were built to validate
the possible dependence of IQ scores on various
factors. For all tests, P values < 0.05 were
considered significant [201,

RESULTS

Table [1] shows general features, severity
characteristics of epilepsy and antiepileptic drugs
among cases group. The most frequent types of
seizures were focal impaired awareness [52%]
followed by generalized motor seizures [48.2%);
while the most frequent type of epilepsy was
generalized type [48.2%). Most of the studied cases
were on single antiepileptic drug; the most frequent
used drug was valproate [46.4%] followed by
levetiracetam [37.5%).

The distributions of drugs among patients on
single AED are shown in table [1].

There was no significant difference between
cases and control as regard age, gender. Cases
had significant elevation of homocysteine level
[8.58+1.95 vs. 7.46+1.61; P: 0.005] as well as the
frequency of hyperhomocysteinemia level [P=
0.007]. Also, there was significant affection of all 1Q
parameters among cases when compared to
controls with statistically significant difference [table
2]. Pearson correlation analysis revealed significant
negative correlation between homocysteine level
with total working memory [0.001], total verbal 1Q
[0.006] and total 1Q [0.026]; while there was no
significant correlation with other parameters [Table
3, figure 1].

Total IQ

60

T
100

Homocysteine

Figure [1]: Correlation between homocysteine level and total
IQ among cases group
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Univariate linear regression analysis confirmed
these results. It also demonstrated that young age
at first seizure was a major risk factor for low 1Q
scores [Table 4]. Multivariate regression analysis
revealed that homocysteine was an independent
and significant risk factor for total working memory

score, total Verbal IQ and total 1Q scores.
Multivariate regression model was built with use of
potential risk factors [age, gender, age at first
seizures, frequency of seizures, type of seizures
and number of AEDs] as covariates.

Table [1]: General features, severity characteristics of epilepsy and antiepileptic drugs among cases group

Variable

Results

Age of first seizure [years]

MeanSD; Range

4.93+2.78, 0.5-13

Duration of treatment [years]

MeanSD; Range

3.59+2.36; 1-10

Focal aware 518.9%)]
Type of seizures Focal impaired awareness 28 [50%]
Generalized motor 27 [48.2%)
Generalized non-motor [absence] 8 [14%)]
Focal 21[37.5%]
Type of epilepsy Generalized 27 [48.2%]
Combined 8 [14.3%]
free 2 1 year 13 [23.2%)]
Frequency of seizures 1/'year 18[32.1%]
1/ month to every 6 months 20 [35.7%]
Weekly 518.9%)]
> 1 year 16 [28.6%)]
6-12 months 13 [23.2%)]
Time from last seizure 1-5 months 15 [26.8%]
1 week - 1 month 51[8.9%]
In past week 7 [12.5%)]
Single 27
Number of AEDs Two 19
Three 10
Valproate 26 [46.4%]
Levetiracetam 21[37.5%]
Oxcarbazepine 16 [28.6%]
Frequency of AEDs use Carbamazepine 14 [25%)]
Topiramate 10 [17.9%]
Phenytoin 8 [14.3%)]

Table [2]: General characteristics, homocysteine and |Q results of studied cases

Cases [n=56] Controls [n=36] P
Age [years] 8.96+3.196 9.28+3.056 0.64
Gender Males 31 [55%) 19 [53%) 0.83
Females 25[45%) 17 [47%] '
Family history of epilepsy 25 [45%) 4 [11%] 0.001*
Homocysteine mean = SD; Range 8.58+1.95;4.1-14.2 7.46+1.61;4.2-11.4 0.005*
Total fluid reasoning 95.77+8.66 103.28+10.31 0.001*
Total Knowledge 89.27+8.09 95.08+8.78 0.002*
Total quantitative reasoning 94.77+7.97 99.19+9.17 0.016*
Total visual-spatial processing 95.27+7.16 100.44+£10.07 0.01*
Total working memory 89.749.42 97.58+7.86 <0.001*
Total verbal 1Q 91.88+10.22 100.06+9.6 <0.001*
Total Nonverbal 1Q 94.0948.03 99.81+10.07 0.003*
Total IQ 93.02+8.87 100.03+9.71 0.001*
* = significant
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Table [3]: Correlation between homocysteine values and IQ among cases group

Variables : Homocysteine .
Total fluid reasoning -0.197 0.145
Total Knowledge - 0.257 0.055
Total quantitative reasoning -0.238 0.077
Total visual-spatial processing -0.244 0.07
Total working memory -0.423 0.001*
Total verbal 1Q - 0.361 0.006*
Total Nonverbal 1Q -0.233 0.084
Total 1Q -0.297 0.026*
* = significant
Table [4]: Univariate linear regression analysis of distinctive variables in relation to IQ scores

Total FR | Total KN | TotalQR | Total VS | Total WM | VerballQ | NVIQ | TotallQ
Age 0.006* 0.089 0.031* 0.11 0.13 0.011* 0.056 0.02*
Male gender 0.38 0.004* 0.21 0.033* 0.19 0.065 0.061 0.057
Age at first seizure 0.036* 0.006* 0.016* 0.064 0.003* 0.005* 0.007* | 0.004*
Duration of treatment 0.36 0.52 0.89 0.97 0.21 0.98 0.84 0.89
Number of AEDs 0.87 0.21 0.31 0.52 0.008* 0.13 0.48 0.24
Focal seizures 0.014* 0.2 0.074 0.014* 0.13 0.056 0.051 0.038*
Frequency of seizures 0.98 0.12 0.31 0.36 0.032* 0.26 0.24 0.25
Time from last seizure 0.94 0.09 0.27 0.19 0.033* 0.23 0.093 0.17
Homocysteine 0.145 0.055 0.077 0.07 0.001* 0.006* 0.084 | 0.026*

* = significant
DISCUSSION group compared with the control group 271,

Antiepileptic drugs are the mainstay of epilepsy
therapy 1211, Taking AEDs might affect cognitive and
behavioral functions [22. On the other hand, high
homocysteine levels have distinctive direct effects
on the CNS, and many of these effects are separate
from vascular injury [23],

In the present study, Hcy level was significantly
elevated among cases compared to controls, which
was found by many authors. Verrotti et al.l2#l found
that patients received valproic acid or carba-
mazepine as a single drug for one year exhibited
significant increase of Hcy concentrations,
compared with pretreatment levels and control
values. El-Farahaty et al. 2] reported significantly
higher Hcy means in 96 patient received anti-
epileptic drugs versus control [P < 0.001]. Ni et al.
[26's meta-analysis concluded that monotherapy
with sodium valproate is associated with the
increase in plasma Hcy levels. No significant
differences were present in relation to ethnicity or
age. Also, a recent study, with suitable sample size,
enrolled 112 children [2-12 years] with epilepsy
receiving phenytoin or carbamazepine as a single
drug for more than six months, revealed
significantly higher concentration of Hey in the study
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On the contrary, an Egyptian study found non-
significant difference regarding the plasma Hcy
levels between 60 patients with idiopathic epilepsy
and 30 healthy children [controls] [28]. Also, Unal et
al. [Pl investigated thrombophilic risk factors among
21 epileptic children [1-13 years] treated with
valproic acid monotherapy. Elevation in Hcy levels
was observed, but without statistical significance.
Finally, Ramazan et al. B9 included forty-seven
idiopathic epileptic patients treated with valproic
acid, levetiracetam or lamotrigine, compared with
38 age-matched healthy controls. There was no
significant difference between patient and control
values. Thus, the effects of AEDs on plasma
homocysteine levels seems to be more prominent
among patients receiving polytherapy; however, the
majority the above-mentioned studies, including the
present one, had low sample sizes [concerning
patients on AED monotherapy], and such findings
need further confirmation.

Antiepileptic drugs increase Hcy concentration
by interfering with the absorption of cofactors [folic
acid and vitamin B12], which are necessary for its
remethylation, and by induction of hepatic enzymes,
which regulate the level of folate. In addition, the
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metabolism of AEDs, especially hydroxylation, rises
the utilization of folate, which in turn is associated
with elevated Hey 1221, Thus, the resulted low folate
and vitamin B12 are the main causes of elevated
Hcy. We cannot know if this state of low vitamins
was present before administration of AEDs or not;
however, we excluded all patients with abnormal
neurological examination and patients with potential
hyperhomocysteinemia.

As regard to 1Q measurement, there was
significant affection of all IQ parameters among
cases when compared to controls. Cognitive
impairments are more frequent among children with
epilepsy. The causes of such impairment often
multifactorial; contributing factors include epileptic
syndrome, type and frequency of seizures, age at
onset, and duration and types of treatment(31l,
There is an element of intrinsic cognitive
dysfunctions linked to the primary structural brain
problem; however, there are more variable factors
affecting cognition including the frequency and
types of seizure, the use of AEDs, and psychiatric
comorbidities 2. The effect of poor control of
seizures on cognitive functions deterioration and
the proposed mechanisms is unclear 331, In many
epilepsy syndromes, cognitive dysfunctions are
unrelated to the frequency of seizures; in addition,
these dysfunctions usually precede the onset of
seizure and continue despite abstinence of
seizurest®4l,

In the present study, we excluded patients
suffering from symptomatic epilepsy so as to have
a group with no obvious other etiologies of epilepsy
that may have cognitive impairment. Although
clinical, electroencephalographic, and radiological
factors support the diagnosis of "unknown
epilepsy", the underlying undiagnosed pathology
may vary between patients.

In the present study, homocysteine level was
negatively correlated with total working memory,
total verbal 1Q and total 1Q scores, which was
confirmed through univariate regression analysis;
furthermore, multivariate regression model for
homocysteine, with the use of age, gender, age at
first seizures, frequency of seizures, type of
seizures and number of AEDs as covariates,
revealed that homocysteine was an independent
and significant risk factor for total working memory
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score, total Verbal 1Q and total IQ scores.

The disorders of CNS related to increased
homocysteine might be illuminated by three
possible mechanisms. First, Hcy may lead to direct
neurotoxicity, by promoting oxidative stress.
Second, a metabolic disturbance in Hcy metabolism
may change neurotransmitter synthesis. Finally,
homocysteinemia  association  with  occlusive
vascular disease might be mediated through blood
vessel wall damage or impaired blood coagulation
33, Through the combination of these results with
the hypothesis that HHcy is a modifiable risk factor
for cognitive dysfunctions, it was necessary to
investigate the potential role of such important
factor among a considerable number of children in
our community.

Studies discussing this topic are scarce among
pediatric population, and yielded variable results 6.
37, Thus, short-term effects of homocysteine on
developing brain are not well studied yet; moreover,
it is probable that 1Q impairment may need many
decades to be observed, and it would not be
recognized in a young cohort.

There is only one study that previously
evaluated Hcy contribution in declining cognitive
function among patients with epilepsy, and was
published by Di Rosa et al. ['"l. In this study, they
reported that there was no relation between Hcy
and I1Q. However, they only measured verbal 1Q,
total 1Q, and performance IQ, obtained by Wechsler
Intelligence Scale. The present study is different in
estimating  various aspects of cognitive
development including subsets of five cognitive
domains, which resulted in proposal of the effect of
Hcy on working memory function. In addition, Di
Rosa et al. "l study included patients up to 25 years
of age, while the upper limit of our patients was 16
years. Knowing the strong effect of low age in the
present study on studied outcomes may explain the
resulted differences. Univariate linear regression of
various potential risk factors associated with 1Q
scores revealed that younger children, early age at
first seizures are the main contributing factors
independent of homocysteine levels. In contrast,
the increased frequency of seizure was a risk factor
for low total working memory with dependence on
homocysteine level.
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The cognitive and the behavioral effect of AEDs
is linked with those of seizures and many other
elements may also have effects on cognition and
behavior, such as epilepsy etiology, seizure type,
frequency, and duration age at onset of seizures,
and electroencephalographic patterni38l. However,
where AED withdrawal were associated with
improved postoperative 1Q scores and gain in 1Q,
independent of other determinants of cognitive
outcomel®l,  AEDs might constitute some
independent effects as shown in a study of 301
patients who were subjected to neuropsychological
assessment before and soon after epilepsy surgery.

In the present study, patients with predominant
generalized seizures displayed reduction of all IQ
test parameters compared to patients with
predominant focal seizures. In contrast, there was
no significant relation to Hcy level. Rathouz et al.l40!
found that children with new onset idiopathic
generalized epilepsy had low significant reduction
of intelligence scores compared with children with
localization-related epilepsy. Also, Reilly et al.i!]
found an association between intellectual disability
and predominant generalized seizures.

It has been suggested that seizures involving the
entire brain may be more harmful contrasted with
seizures affecting specific region, which are
associated with more particular cognitive injuries
(421, |n addition, poor cognitive outcome has been
observed with generalized seizures 1431,

One of the strength points of the present study
was not only relaying on the total 1Q and its two
main components; verbal 1Q and non-verbal 1Q as
measures of cognitive abilities, but also detailed
tests for memory and reasoning were performed,
and have revealed significant results. Moreover, the
present study included multiple potential risk factors
including severity of epilepsy, reported side effects
of the parents, and duration of treatmen.

In contrast, the major limitation of the present
study is lack of evaluating the homocysteine genetic
polymorphism to verify the relation between
elevated homocysteine level and the presence of
such genetic variation. Moreover, the cross-
sectional design of the study might withhold the
long-term effects of Hey. Finally, 1Q evaluation and
Hcy measurement were assessed throughout the
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treatment period, and not at the onset of seizures
and/or AED treatment. Thus, it was not possible to
compare between these parameters at various
durations; in addition, long-term follow-up was
unavailable.

Conclusions

Epileptic children exhibited significant elevation
of homocysteine, and significant affection of all 1Q
parameters. Homocysteine was a significant and
independent risk factor for low total working
memory score, low total Verbal 1Q and low total IQ
scores in the present study. The effects of elevated
homocysteine levels on 1Q score are more obvious
among younger patients, early age at first seizure,
patients with focal seizures and those on multiple
therapies, and require special attention on
evaluation. Thus, close monitoring of epileptic
patients on antiepileptic drug therapy for various
aspects of cognitive function are needed. Further
studies are required to confirm these results, and to
evaluate the effect of homocysteine-lowering
treatment on cognitive function in epileptic children.
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