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Summary

This study was conducted to assess the efficacy of oral

zinc supplementation in children with intractable

epilepsy. Forty-five children aged between three and 12

years and diagnosed with idiopathic intractable epilep-

sy at Assiut University Hospital, Assiut, Egypt were

recruited. The patients were randomly allocated to two

groups: the intervention group received oral zinc sup-

plementation (1 mg/kg/day) while the placebo group

received placebo, each for six months. The parents of

each child filled in a detailed questionnaire that cov-

ered demographic characteristics, type of seizures, fre-

quency, duration of seizures, previous hospital admis-

sions, postictal phenomena and the occurrence of sta-

tus epilepticus. The primary outcome (frequency of

seizures) was compared between the two groups. Zinc

supplementation resulted in a significant reduction of

seizure frequency in 31% of the treated children.

Zinc is an important trace element. Our results suggest

that it has mildly beneficial effects in children with

intractable epilepsy. We recommend further investiga-

tion of oral zinc supplementation as an adjunctive ther-

apy for managing intractable epilepsy in children. Zinc

therapy may be an option in treatment protocols for

intractable epilepsy in the near future.
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A randomized, double-blind, placebo-controlled
clinical trial of the efficacy of treatment with zinc
in children with intractable epilepsy

Introduction

Zinc is an important trace element whose intake is relat-

ed to protein intake. As a result, zinc deficiency is an

important component of nutrition-related morbidity

worldwide. Zinc supplementation in populations at pos-

sible risk of zinc deficiency appears to have beneficial

effects on the incidence and outcome of serious child-

hood diseases (Abrams, 2014; Crepin et al., 2009).

Zinc is an activating cofactor for more than 70 important

enzyme systems, including carbonic anhydrases, alka-

line phosphatases, dehydrogenases and carboxypepti-

dases. It is also involved in the regulation of nucleopro-

teins and the activity of various inflammatory cells and

plays an important biological role in the central nervous

system (CNS) (Abrams, 2014; Crepin et al., 2009; Saad

et al., 2014). The hypothalamus contains high levels of

zinc and is sensitive to its deficiency. At neuronal level,

zinc, by decreasing the extracellular glutamate concen-

tration and increasing the extracellular concentration of

gamma amino butyric acid (GABA), acts as a neuro-

transmitter in glutaminergic and GABAergic transmis-

sion. Low levels of zinc have been observed in seizures

as hypozincemia activates the N-methyl-D-aspartate

receptor which may play an important role in the induc-

tion of epileptic discharges (Crepin et al., 2009; Lee and

Chung, 2010; Saad et al., 2014). In a previous work

(Saad et al., 2014), we found significantly lower zinc

levels in the serum of children with refractory epilepsy

in comparison with healthy control children. Similarly, in

a recent study, Kheradmand et al. (2014) reported sig-

nificantly lower serum zinc levels in patients with

intractable epilepsy in comparison with a controlled

epilepsy group. These data suggest that children with

refractory epilepsy may potentially benefit from zinc

supplementation treatment. This study was conducted

to evaluate the efficacy of oral zinc supplementation as

an adjunctive therapy in an Egyptian cohort of children

with intractable epilepsy.

Materials and methods

The Ethics Committee of Assiut University, Assiut,

Egypt, approved the study. All methods and proce-

dures used in this study were approved by the

Institutional Review Board (IRB) of the same universi-

ty. Informed consent was obtained in accordance with
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the guidelines set forth by the Assiut University IRB:

subjects were provided with a brief description of the

study procedures, and informed about: the potential

benefits and risks, the voluntary nature of the study,

their right to withdraw without consequences, and the

confidentiality of the information collected. Informed

consent was obtained using language (Arabic dialect)

appropriate for all the participants’ parents/caregivers.

Prior to taking part in the study, children were required

to give their assent and their parents/caregivers were

required to give their consent to the child’s participa-

tion. Finally, the participants were given a Participant’s

Bill of Rights. The study was a six-month, randomized,

double-blind, placebo-controlled trial performed at the

outpatient neurology clinic at Assiut University

Hospital and at three private centers in Assiut, Egypt.

Patients

The patients included 45 outpatients (24 boys and 21

girls) aged between three and 12 years. All the patients

were recruited from the neuropediatric clinics at Assiut

University Hospital and from three private centers in Assiut

City, Upper Egypt. In total, 92 patients were screened for

eligibility, and 45 were enrolled (consent was not given in

12 cases and 35 patients did not meet eligibility criteria

and/or met one or more of the exclusion criteria).

Inclusion criteria

Children were eligible for inclusion if they presented with

idiopathic generalized intractable epilepsy (one or more

seizures per month) and failure of adequate trials of at

least two tolerated, appropriately chosen and adminis-

tered antiepileptic drugs (whether as monotherapy or in

combination in proper doses, and within therapeutic

range) to achieve seizure freedom for a period of six

months or more (Saad et al., 2014; Sirven et al., 2014).

Exclusion criteria

Epilepsy patients with structural CNS abnormalities, head

trauma, neonatal insults, hypoxic ischemic encephalopa-

thy, cerebral palsy, metabolic diseases, chronic medical

conditions including anemia and gastrointestinal disease

associated with malabsorption, neuropsychological dis-

eases and neurodegenerative disorders were excluded

from the study. Patients whose epilepsy was controlled

with antiepileptic drug therapy were also excluded.

Finally, no patient was started on any other therapies,

such as vitamins or antioxidants, during the four weeks

prior to the study or during the study period.

Methodology

The evaluation of the patients consisted of a thorough

disease history including the age at onset of epileptic

seizures, the type(s), frequency and duration of

seizures, the occurrence of status epilepticus, the

occurrence of pre- and postictal phenomena, the his-

tory of drugs used and compliance, as well as family

history of similar conditions.

In our randomized, double-blind clinical trial, a random

number generator was used to randomize patients to

receive zinc supplementation, 1 mg/kg/day (Schwartz,

2012) (the intervention group) or a placebo solution

(placebo group). Both zinc and placebo were adminis-

tered in syrup form and had identical packaging and

nearly the same taste and color (no differences were

detected). The assignments were kept in sealed enve-

lopes until data analysis. Randomization and alloca-

tions were blind. Figure 1 shows the number of

Figure 1 - Consort flow diagram.
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patients enrolled in the study and randomized to each

group. The intervention group comprised 23 patients

(13 males and 10 females) randomly allocated to

receive zinc syrup (10 mg/5ml zinc sulfate). Each 100

ml of syrup contained zinc sulfate heptahydrate, 0.88

mg, which is equivalent to 0.2 g zinc.  The placebo

group comprised 22 patients (12 males and 10 fema-

les) who received the placebo solution for six months.

Throughout the study, during which medications were

administered by the patients themselves or by their

parents/caregivers, the patients and their parents/

caregivers were blind to assignments. The patients

were evaluated for seizure response and adverse

events at weekly clinical visits during the first four

weeks after the start of the trial and on a monthly

basis thereafter. All the patients were monitored for six

months. Seizure frequency was recorded using a

detailed questionnaire designed by the authors and

filled in by the parents/caregivers of each patient. This

questionnaire collected patient demographic data and

information on seizure type and frequency, specific

epilepsy syndrome, age at seizure onset, age at the

start of antiepileptic therapy, duration of epilepsy

before the study, concomitant antiepileptic drugs

used, and information regarding these drugs: starting

dose and maintenance dose, efficacy, adverse events,

and reasons for drug discontinuation, as well as any

clinical problems during the study. Baseline seizure

frequency was evaluated for two months before thera-

py was begun. Efficacy was based on a change of sei-

zure frequency, with data obtained from the question-

naires kept by parents or caregivers. Seizure reduc-

tion after the therapy was classified relative to baseli-

ne seizure frequency, as follows: seizure-free (100%

control of seizures), good response (from 50% to

<100% reduction in seizure frequency), no response

(<50% reduction of seizure frequency or no effect), or

worsening (increase in seizure frequency). Patients in

the first two groups, i.e. who achieved 50%-100%

decrease in seizure frequency compared with the

baseline seizure frequency, were defined as good

responders. Side effects were recorded throughout

the study and were assessed using a checklist every

month throughout the study period.

Statistical analysis

The Statistical Package for Social Sciences (SPSS)

version 22 was used for data analysis. To assess the

comparability of the groups (intervention and placebo)

and study centers, age, weight, age at first seizure,

frequency of convulsions and outcome were com-

pared using two-way analysis of variance, with center

and treatment as the fixed factors, and Mantel-

Haenszel chi-square tests, adjusting for the center. A

p value of <0.05 denoted the presence of a statistical-

ly significant difference.

Results

Table I shows the clinical characteristics of the studied

groups. The intervention group and the placebo group

had a mean age±SD of 9.4±2.1 years and 8.28±4.0

years, respectively, and in both groups the age of the

participants ranged from 3 to 12 years. Males account-

ed for 56.5% of the intervention group and 54.5% of

the placebo group. All the patients were of normal

weight for age. No significant differences were found

between the two groups in demographic data including

age, gender, weight and clinical features, such as age

at seizure onset, duration of epilepsy before the study

and number of concomitant antiepileptic drugs. Table I

details the types of antiepileptic drugs used in both

groups and the duration of treatment.

Table I - Patient characteristics (n=45).

Item Intervention group (zinc therapy) Placebo group p-value

Age (years) 0.62†
- Mean ± SD 9.4 ± 2.1 8.28 ± 4.0
- Range 3 - 12 3 - 12

0.74*
Males, n (%) 13 (56.5%) 12 (54.5%)
Females n (%) 10 (43.5%) 10 (45.5%)

Body weight (kg) 0.31†
- Mean ± SD 24.8 ± 8.1 25 ± 10.3
- Range 12 - 34.5 11.5 - 37

Age at first seizure (years) 0.62†
- Mean ± SD 3.58 ± 3.05 3.8 ± 1.6
- Range 1.75 - 6.3 1.5 - 5.75

Antiepileptic drugs used valproate and levetiracetam valproate and levetiracetam -

Months of antiepileptic drug use 0.31†
- Mean ± SD 6.7 ± 2.4 7.1 ± 1.9
- Range 10 - 44 11 - 37

† Two-way analysis of variance with factors: treatment group, center, and treatment by center. * Mantel-Haenszel summary chi-square, stratified by center.
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As regards the frequency of seizures, 13% of the

patients in the intervention group had more than five

epileptic seizures per day, versus 14% in the placebo

group. A seizure frequency of 1-5/day was recorded in

9% of the intervention group and in 14% of the place-

bo group. Seizures occurred from one to five times per

week in 43% of the treated patients and 36% of the

controls, and from one to five times per month in 35%

and 36% of the intervention and placebo group

respectively (Table II). There was no significant differ-

ence in seizure frequency between the groups before

treatment (p=0. 31).

The side effects noted by the research team during

the six-month study period included itching, abdomi-

nal pain, nausea and vomiting. All were mild and tran-

sient and all the patients continued the study.

Table III shows the outcome of oral zinc supplementa-

tion versus placebo in the two groups. A seizure-free

status was attained by two patients (9%) in the inter-

vention group receiving adjunctive oral zinc therapy,

but in no patient in the placebo group. Five of the

patients (31%) in the intervention group were consid-

ered good responders (experiencing a >50% reduc-

tion in seizure frequency) versus 4.5% of the placebo

group. The no response (0 - <50% reduction in seizure

frequency) rate was significantly lower in the interven-

tion group (69%) than in the placebo group (95.5%).

Overall, an improvement occurred in 31% of the inter-

vention group versus 4.5% of the placebo group.

There was a significant difference in seizure frequen-

cy between the two groups after zinc treatment

(p=0.02) (Table III).

Discussion

Epilepsy is the most common neurological disorder

among children and it is a significant public health

concern in this population. It has a significant physi-

cal, psychological, economic and social toll on chil-

dren and their caregivers. There are multiple treat-

ment options for children with epilepsy. In many

cases, treatment begins with a monotherapy and

antiepileptic drugs are added (polytherapy) if seizures

are not controlled with monotherapy. Only about 3% of

patients who fail to respond to the first two antiepilep-

tic drugs become seizure free with the third antiepilep-

tic drug used, and in about one-third of patients with

epilepsy the seizures are intractable (Kwan and

Brodie, 2000; Sirven et al., 2014; Saad, 2014).

Because of unstandardized definitions as well as mis-

diagnoses, the incidence and prevalence of

intractable epilepsy are somewhat uncertain (Sirven

et al., 2014). Furthermore, the mechanisms of epilep-

togenesis are not well established. Experimental ani-

mal models of epilepsy suggested that alteration of

homeostasis of some trace elements in the brain may

be involved in the pathogenesis of seizures.

Theoretically, trace elements may play a role in the

production and control of seizures in humans. This

concept has led to several studies. However, the rela-

tionship between epilepsy and trace elements is still

poorly understood (Hirate et al., 2002; Saad et al.,

2014; Sirven et al., 2014).

Zinc is the second most abundant trace element in the

body. It regulates the CNS through the modulation of

glutamate and GABA receptor activity (Kheradmand et

al., 2014; Seven et al., 2013). Several studies, includ-

ing a recent work by our group, reported a significant

decrease in serum zinc levels in patients with

intractable epilepsy (Kheradmand et al., 2014; Saad

et al., 2014; Seven et al., 2013). Other studies found

lower levels of zinc in the serum as well as in other tis-

sues (nails and hair) of epileptic patients (Ashraf et al.,

1995; Barbeau and Donaldson, 1974; Ilhan et al.,

2004; Wojciak et al., 2013). On the basis of previous

studies, we hypothesized that children with refractory

epilepsy may potentially benefit from oral zinc as an

adjunctive to antiepileptic drugs. Therefore, this study

set out to evaluate the efficacy of oral zinc supplemen-

tation as an adjunctive therapy in children with

intractable epilepsy.

Our double-blind, placebo-controlled trial is the first trial

of oral zinc supplementation in this population. We

found that 31% of children with intractable epilepsy

receiving zinc therapy for six months showed a signifi-

cant improvement (>50-100% reduction in seizure fre-

quency), compared with only 4.5% of patients receiving

placebo (p<0.05). In our view, these are findings of clin-

ical importance and are encouraging as regards the

possible use of zinc in children with intractable epilepsy.

The primary limitation of our study was the small sam-

ple size. In addition, we are from a developing country

and were not able to obtain any pre and post-interven-

tion serum zinc levels. There is an urgent need for

larger randomized controlled trials with the measure-

Table II - Baseline (pre-treatment) frequency of seizures in
patients receiving zinc supplementation versus placebo.

Frequency Zinc Placebo p-value
n (%) n (%)

˃ 5/day 3 (13%) 3 (14%) 0.31*

1-5/day 2 (9%) 3 (14%)

1-5/week 10 (43%) 8 (36%)

1-5/month 8 (35%) 8 (36%)

Total 23 (100%) 22 (100%)

* Mantel-Haenszel summary chi-square, stratified by center.

Table III - Outcome after therapy in patients receiving zinc
supplementation versus placebo.

% reduction Zinc Placebo p-value
in seizures n (%) n (%)

100% 2 (9%) 0 (0%) 0.02*

≥50% - <100% 5 (22%) 1 (4.5%)

<50% 4 (17%) 3 (13.5%)

0% 12 (52%) 18 (82%)

Total 23 (100%) 22 (100%)

* Mantel-Haenszel summary chi-square, stratified by center.
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ment of pre- and post-intervention serum zinc levels

and with long-term follow-up.

In conclusion, zinc is an important trace element. Our

results supported mildly beneficial effects in children

with intractable epilepsy. We recommend further

investigation of oral zinc supplementation as an

adjunctive therapy for managing intractable epilepsy

in children. Zinc therapy may be an option in treatment

protocols for intractable epilepsy in the near future.
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