[Downloaded free from http://www.ijpvmjournal.net on Friday, September 04, 2015, IP: 176.102.246.98]

§ International Journal of Preventive Medicine
7

iy

Review Article Open Access

Magnesium, Iron, and Zinc Supplementation for the Treatment of
Attention Deficit Hyperactivity Disorder: A Systematic Review on
the Recent Literature

Mitra Hariri'?, Leila Azadbakht!?

'Food Security Research Center, Isfahan University of Medical Sciences, Isfahan, Iran, *Department of Community Nutrition, School of Nutrition and Food Science,

Isfahan University of Medical Sciences, Isfahan, Iran

Correspondence to:
Dr. Leila Azadbakht, Department of Community Nutrition, School of Nutrition and Food Science, Isfahan University of Medical Sciences, PO Box 81745,
Isfahan, Iran. E-mail: azadbakht(@hlth.mui.ac.ir

How to cite this article: Hariri M, Azadbakht L. Magnesium, iron, and zinc supplementation for the treatment of attention deficit hy-
peractivity disorder:A systematic review on the recent literature. Int ] Prev Med 2015;6:83.

4 ABSTRACT A

Background: The etiology of attention deficit hyperactivity disorder (ADHD) is not exactly
known and its etiology is multifactorial. The usual treatment for these children is based on
pharmacotherapy treatment, although the pharmacotherapy has a high effectiveness in ADHD
treatment, it often causes different side effects. Existing evidence suggests that children who
receive mineral supplement without considering their age and supplement formula may perform
better on different behavioral tests compared with those receiving placebo.

Methods: In this study, we tried to review the previous evidence regarding the effects of minerals
in prevention and management of ADHD. We searched PubMed/Medline, Google Scholar, Ovid,
Scopus, and ISI web of science up to June 2013. “iron,” “iron supplementation,” “magnesium,”
“magnesium supplementation,” “zinc,” “zinc supplementation,” “attention deficit hyperactivity
disorder” were used as the keywords. Totally 11 randomized controlled trials were eligible to be
included in the systematic review.

Results: Our review showed that we don’t have any predominant evidence about using mineral
supplementation on children with ADHD.

Conclusions: We need more evidence for indicating the effect of zinc, magnesium, and iron
supplementation in the treatment of ADHD among children.

” o«
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INTRODUCTION serious disorder, which usually begins before age 7.1" This

disorder usually effects on social relation and impairs
Attention deficit hyperactivity disorder (ADHD) is a  academic learning.!! The key symptoms of ADHD
include hyperactivity, impulsiveness, and inattention

Access this article online according to Diagnostic and Statistical Manual of Mental
Quick Response Code: Disorder IV criteria.”! The prevalence of this disorder is
- Website: www.ijpvmjournal.net/www.ijpm.ir 5.29% worldwidel®! and 5.5% in Iran.M

The conclusive etiology of ADHD is still questionable.
DOI: However, the role of dysfunction of the neuro circuitry
10.4103/2008-7802.164313 within prefrontal cortex,” brain damage,’ genetics,”
infections, sugar, and deficiencies in certain vitamins,

Copyright: © 2015 Hariri M.This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source are credited. For reprints contact: reprints@medknow.com



International Journal of Preventive Medicine 2015, 6:83

minerals,® and omega-3 fatty acids!’’ is shown to
some extent. Studies regarding the dietary intake have
shown the harmful effects of food preservatives and
additives.!""!

Many  psychiatrics use  methylphenidate and
amphetamine for the treatment of ADHD and
these drugs are very effective for the treatment of
this disorder.™ However, 30% of persons who treat
by methylphenidate or amphetamine have adverse
effects such as abdominal pains, anorexia, weight
loss, headaches, irritability, depressed mood and
appetite, sleep disturbances.'>*!" For this reason,
scientists have been initiated new researches for
ADHD treatment.

In the recent years, there are new researches about the
etiology of ADID and diet, their results have shown a
healthy dietary pattern, vitamins, and minerals play a
role in this disorder. Dictary patterns are very necessary
for providing the new idea about different unknown
components in metabolic diseases!' and behavior
disorders.!"”]

Some studies have evaluated the relation between zinc,
iron, and magnesium with ADHD. Animal and human
studies indicate zinc deficiency plays a major role
in the prevalence of hyperactivity."® Some scientists
have suggested that zinc is significantly deficient in
children with ADHD compared to controls.”! Zinc is
a very important cofactor for more than 100 enzymes
and is required for modulating of melatonin and
dopamine. 718l

Studies had reported that children with ADHD
had significantly lower serum levels of iron"” and
magnesium®  than controls. Iron is a cofactor for
tyrosine hydroxylase, the rate-limiting enzyme of
monoamine synthesis, so it regulates dopamine and
noradrenaline  production.” Magnesium  contributes
in protecting neuronal cell membranes and modulates
neurotransmitters release in the brain.”?l With this
evidence, it may suggest that zinc, magnesium, and iron
may be useful in ADHD treatment.

One study showed that 12% of children with ADHD
had used complementary or alternative medicines
including mineral supplement.”® Hence, we need
evidence to support this claims of efficiency, especially
among children. Previous studies have explored the
effect of iron, magnesium, and zinc supplement on
ADHD treatment. However, to date no comprehensive
systematic review has been conducted in this regard.

Therefore, our aim in this article was to present a
systematic review of studies regarding zinc, magnesium,
and iron supplementation in treating ADID.
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METHODS

The databases PubMed/Medline, Google Scholar, Ovid,
Scopus, and ISI web of science were searched up to
June 2013. The search terms included: (“iron”[tiab] OR
“iron  supplementation”[tiab] OR  “magnesium”[tiab]
“magnesium  supplementation”[tiab] OR  “zinc”[tiab]
OR “zinc supplementation”[tiab]) OR (“iron”[Mesh] OR
“iron supplementation”[Mesh] OR “magnesium”[Mesh]
“magnesium supplementation”[Mesh| OR “zinc”[Mesh]
OR “zinc supplementation”[Mesh]) AND (“attention
deficit  hyperactivity  disorder”’[Mesh] OR “attention
deficit hyperactivity disorder” [tiab]). We also checked
the reference and citation of selected studies and every
review articles on this topic for further relevant research.!®l

Inclusion and exclusion criteria

Our inclusion criteria were: (1) Randomized controlled
trial (RCT) in design; (2) conducted in children;
(3) Intervened wusing iron, magnesium, and zinc;
(5) No other food and diet was used in intervention
or control group. Among remaining studies, those
trials that met at least one of the following criteria
were excluded: (1) The outcomes had not been clearly
stated; (2) Studies without clear inclusion and exclusion
criteria; (3) studies on participants with age more than
18 year; (4) food or food groups high in zinc, iron, and
magnesium were used instead of zinc, magnesium, and
iron supplementation for treatment.

Data extraction

We extracted some data from each article about: Name
of first author, publication year, place of study, study
design, number of patients, study duration, population,
dose and type of oral supplementation, main outcome
measure, the evaluation of bascline Zn, Mg, Fe status,
and effect of supplementation.

Quality assessment

We used Jadad score for analyzing the methodological
quality of each paper® (as first used in Sarris and
Byrne,” and in subsequent reviews, e.g. Pase et al.l?%).
After using the quality control of cach article on the
basis of Jadad, we assigned, quality scores ranging from
4/10 (low) to 8/10 (high).

RESULTS

Of 135 potential studies in the area of zinc, iron, and
magnesium supplementation on ADHD, 12 papers were
duplicated and 102 were irrelevant. Overall 18 articles
were a clinical trial, 4 articles had done on healthy
children, and two articles were about the effect of
omega-3 on ADHD children with zinc and magnesium
deficiency. This left 11 articles for inclusion [Table 1].
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5 articles were about magnesium supplementation; 2
articles were about iron supplementation; and 4 articles
were about zine supplementation [Figure 1].

In our systematic review of the literature, four articles were
located that met inclusion criteria for zinc supplementation
and ADHD, two articles producing significant positive
results on the main primary ADHD outcome measures.
Bilici et al.”’) had done a large randomized clinical trial
in 400 children with ADHD. Children were randomized
to a high dose of zinc (150 mg/day) and they experienced
significant improvements in hyperactivity and impulsivity
(but not inattention). A high drop-out rate in this study
may, however, place a limitation on the significance of
findings. In another study by Akhondzadeh et al.,l*¥! they
added zinc (55 mg/day) to psychostimulants (1 mg/kg/day)
in 44 children which resulted in a greater improvement
in symptoms than use of the psychostimulant alone.
The results of two other studies by Amold et al.”! and
Zamora et al.® indicated that zinc supplementation
did not have any effect on ADHD symptoms. It is
possible that insufficient dose of zinc causes different
results in compared with other studies. In Amold’s
study zinc glycinate was randomly assigned to two dose
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groups (15 mg/day or 30 mg/day) among 52 children
with ADIID for 13 weeks (8 weeks monotherapy and
then 5 wecks with added d-amphetamine). Their results
revealed on ADIID outcome scales that no significant
improvements occurred with zinc supplementation in
cither intervention group or placebo. Zamora et al.
in a controlled, double-blind study on 40 ADHD
children showed methylphenidate (0.3 mg/kg/day) and
zinc (sulfate) 10 mg/day for 6 weeks did not improve
ADHD symptoms.

About iron and ADHD there were one randomized
double-blind  placebo-controlled  trial and one open
trial without the controlled group. Konofal et al.PV in
a RCT involved 23 non-anemic ADHD children (with
a small placebo group [n = 5]), with abnormally low
serum ferritin levels and showed oral iron (ferrous
sulfate 80 mg/day) improved ADHD symptoms over
placebo. Sever et al.P? cvaluated the effect of iron
supplementation ([Ferrocal], 5 mg/kg/day for 30 days) on
the level of ferritin and ADHD symptoms in 14 boys with
ADHD. Results showed significant increase in serum
ferritin levels and significant decrease in the parents’
Conners” Rating Scale scores.

ADHD and zinc, magnesium, and iron
Supplementation

n=135

Eliminate n = 124
Irrelevant = 65
Non-interventional
case—control

study = 23

Not any intervention = 14

Clinical trial searched
n=18

Duplicated = 12

Eliminated n=7

Had done on healthy
child =5
Irrelevant = 2

Figure |: Flowchart of study selection process

Relevant clinical trial n = 11

l

Zinc supplementation n = 4
Iron supplementation n = 2
magnesium supplementation
n=5




International Journal of Preventive Medicine 2015, 6:83

In our systematic review, there were just one magnesium
monotherapy, therefore the studies, which included
multicomponent  supplements with magnesium  were
reviewed. Huss et al.’® used 80 mg/day magnesium in
combination with polyunsaturated fatty acids (PUFA)
and zinc for 3 months. Their study reported this
supplementation  decreased both inattentiveness and
hyperactivity/impulsivity.  Mousain-Bosc et al’s study”
was an open-label study without any control group. They
reported that magnesium and Vitamin B6 supplementation
(6 mgkg/day Mg, 0.6 mghkg/day Vitamin B6) on 52
ADIID children decreased scholar inattention after 4
months. Mousain-Bosc et al.®®’ in another study with
open controlled trial design confirmed that magnesium
supplementation with Vitamin B, without any psychotic
drug increased the magnesium plasma level and decreased
hyperactivity/inattentiveness. Starobrat-Hermelin
and Kozielec® evaluated the effect of magnesium
mono-therapy in a dose of 200 mg/day on hyperactivity in
ADIID children with magnesium deficiency (n = 75). After
6 months, an increase in magnesium contents in hair and a
significant decrease in hyperactivity has been achieved.

DISCUSSION

This is the first systematic review of the efficiency of
zinc, magnesium, and iron supplementation among
children with ADID. Of the four studies that met
inclusion criteria about zinc supplementation, one was
effective on total ADHD score the second was positive
on hyperactivity but showed no effect on inattentiveness.
The third and fourth trial was entirely negative. Billici
et al. in a large randomized clinical trial prescribed
a high dose of zinc to children and experienced
significant improvements over placebo in hyperactivity
and impulsivity but not inattention.””’ A high drop-out
rate found in the study may, however, place limits on
the significance result in inattention. Akhundzadeh
et al. added zinc supplementation to psychostimulants
in 44 children resulted in a greater improvement in
symptoms than the use of the psychostimulant alone.?*!
Amold et al’s study® indicated zinc supplementation
alone reduces ADID symptoms in children, but other
studies did not examine whether zinc was effective
alone or not. In fact, zinc supplementation was not the
primary intervention of these studies instead; zinc was
administered with other treatment. Amold’s result was
entirely different from Akhondzadeh et al.®! and Bilici
et al.”’l The possible reasons for the difference between
these studies may be from polymorphism in population
genetics, relative rate of zinc deficiency, background
nutrition, inadequate dosage or insufficient absorption
of anion (sulfate may be necessary). English abstract of
other randomized double-blind clinical trial by Zamora
et al.’" reported zinc supplementation about 10 mg/day
had no effect on the total score of ADHD symptoms.
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Insufficient dose may cause different result with other
studies but we could not get any more information from
English abstract. Macronutrients may have important
effects on ADHD symptoms and may affect the result of
intervention studies. New evidence reported contradictory
results between studies may be because of background
macronutrient intake in a different country for example
in Iran Esmaillzadeh et al.P"! showed 4.2% of all calories
consumed are derived from total fatty acids; that is more
than the amount consumed in other developed countries.

Zinc indirectly effects on dopamine metabolism and
increases the affinity of methylphenidate for the
dopamine transporter. Scientific evidence believes that
dopamine is a very important factor in ADHD.1>?%
Recent studies have shown lower serum ferritin levels in
children with ADHD than healthy children. Moreover,
new evidence has indicated a potential role of changing
brain iron metabolism.P Data from magnetic resonance
imaging and cerebrospinal fluid ferritin have shown a
significant iron deficiency in children with restless leg
syndrome  (RLS).#*1 Furthermore, intravenous iron
therapy has been reported effective for symptomatic
treatment of RLS.* Konofal et al. conducted a
double-blind RCT on 23 ADHD non-anemic children
for 12 weeks.®!! Tron supplementation had no effect on
ADHD symptoms in this study. Morcover, in one study
by Sever et al., iron supplementation lowered parents’
Conners’ Rating Scale scores. Children in Sever et al’s
study® were anemic so it may cause different result in
comparing with Konofal’s study. The most important
finding of this systematic review about magnesium
supplementation and ADHD is that the efficiency of
magnesium supplementation as a mono-therapy was
not investigated in any double-blind controlled trial.
Huss et al. conducted a large study but his study was
not a double-blind clinical trial. Morcover, supplements
contained PUFA, zinc, and magnesium so the results
couldn’t directly related to magnesium or zinc
supplementation. More than 50% of children in this
study having oppositional defiant disorder besides ADHD
so they may be different from other ADHD children.
Mousain-Bosc et al. had done their study on a group of
children from nursery school and their age was from 0
to 15 years.® Tt is not clear whether the measures for
diagnosing infants as an ADHD patient are valid and
reliable in the mentioned study. Moreover, as their study
was an open trial their result might have encountered
to some biases. In addition, they did not have done any
statistical report regarding the effect of supplementation
on  hyperactivity,  impulsive, and  inattention.
Mousain-Bosc et al. in another study used Vitamin B6
in addition to magnesium; this study was an open trial
so their result may have some biases.”™ In addition, the
measurement tool for ADHD score before and after the
intervention was not familiar in this study and it was
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not reported on its validity and reliability. Diet is a very
important factor in the treatment of ADHD symptoms
and may cause different results in supplementation
studies but authors in these studies did not assess dietary
patterns. Azadbakht and Esmaillzadeh™) showed the
relationship between dietary patterns and ADHD among
school-age children in Iran and they found significant
independent associations between the sweet and fast-food
dietary patterns and the prevalence of ADIID.

Magnesium is very essential for physiological and
biochemical central processes.™ It can control the
glutamate N-methyl-aspartate channel that is cffective
in excitotoxic cell death and apoptosis and Mg** can
influence on catecholamine signaling in the brain too.[*!

CONCLUSIONS

The results of this systematic review revealed a mixture
of positive and inconclusive evidence for iron, zinc,
and magnesium in the treatment of ADHD. One
article was about magnesium mono-therapy and in two
other articles magnesium and Vitamin B6 supplement
were used together and their results showed B6 and
magnesium can be effective in ADHD children with
hypo magnesium. Hence, magnesium supplementation
in children without hypomagnesemia is not suggested
until enough evidence is provided. These limited
evidences should be examined in long-term double-blind
randomized controlled clinical trial with enough sample
size and follow-up. There was just one randomized
clinical trial with iron supplementation in non-anemic
ADHD children and one article on anemic children,
their result showed no positive impact on non-anemic
children and positive effects on anemic ADHD children,
so we need more evidence until we can recommend iron
supplementation for children with ADIHD. Findings
of these studies using zinc supplementation in ADHD
are mostly positive. This systematic review showed that
there are a few recent studies about mineral and ADHD
and more evidence is required for showing whether
mineral  supplementation is effective in children
with  ADHD and we recommended replicating the
randomized well-controlled trials.
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