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Abstract

There are contradictory reports about the association of magnesium and attention- deficit hyperactivity disorder (ADHD). Moreover, some
studies reported that magnesium is effective for treating ADHD. This is the first systematic review evaluating the effectiveness of magne-

sium to treat patients with ADHD.

The two databases of MEDLINE/ PubMedline and Google Scholar were electronically searched using the search items and considering

inclusion and exclusion criteria.

Out of the 37 titles, only six studies were experimental interventional studies. However, three of these studies were without any control
group. The other three studies were controlled clinical trials. Nevertheless, none of the studies was a randomized double- blind controlled
clinical trial. These studies supported that magnesium is effective for treating ADHD.

Magnesium monotherapy studies were not found. There is no well- controlled clinical trial investigating the efficacy and safety of magne-
sium for treating ADHD. In addition, the safety of magnesium in ADHD is ignored. Therefore, until further strong evidences for its efficacy
and safety are provided, magnesium is not recommended for treating ADHD.
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Introduction

ttention- deficit hyperactivity disorder (ADHD) is the most
Acommon psychiatric disorder in clinical samples of chil-
dren and adolescents referring to child psychiatric clinics.?
About 10% to 30% of patients are not satisfied with stimulants
and they do not tolerate stimulants which are widely used for
treating ADHD.? Moreover, some patients are unresponsive to
medications.? Therefore, providing better and safer alternative
treatments for managing ADHD is highly needed.

The function of more than 325 enzymes is dependent to mag-
nesium.® Magnesium interacts with the serotonergic (5-HT(1A)
and 5-HT(2A/2C) receptors), noradrenergic (alpa(l)- and al-
pha(2)- receptors), and dopaminergic (dopamine D(1) and D(2)
receptors) systems in the mouse.* The role of noradrenergic and
dopaminergic receptors in the pathophysiology of ADHD has
been extensively studied.>® In addition, current treatments, such
as stimulants and atomoxetine, act through adrenergic and dopa-
minergic receptors.”

Moreover, N-methyl-D-aspartate (NMDA)-induced norepi-
nephrine release® is inhibited by magnesium. Nevertheless, ato-
moxetine is a NMDA receptor blocker,® the blockade of NMDA
receptors in the prefrontal cortex causes attention deficit.’® In ad-
dition to these contradictory findings, there is a serious concern
about the possible cytotoxic effects of chronic manganese expo-
sure leading to Parkinson’s disease symptoms.t*

In addition, there is a controversy about the serum level of mag-
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nesium in patients with ADHD. While many studies reported that
the serum level of magnesium in ADHD is lower than the con-
trols,'>* others reported that its level in ADHD is higher than the
controls.>% In addition, a double-blind, placebo-controlled trial
compared the effect of methylphenidate and dextroamphetamine
in hyperactive boys on magnesium level.!” The study showed that
dextroamphetamine treatment increased the magnesium plasma
level after three weeks of taking the medication.”

Considering the contradictory findings about the serum level
of magnesium in ADHD,?*5 the effects of magnesium on the
ADHD-related neurotransmitters,* the effects of some stimulants
on magnesium in ADHD children,*” and some concerns about the
possible cytotoxic effects of magnesium, it is highly required to
investigate the role of magnesium for treating ADHD.

There is no published systematic review about the possible role
of magnesium for treating ADHD. Therefore, the aim of the cur-
rent review was to systematically summarize and critically assess
the data from controlled clinical trials of magnesium treatment for
patients with ADHD.

Methods

The guidelines from the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) protocol were em-
ployed to conduct this recent systematic review.®

Data sources
The two electronic databases of Medline/PubMed and Google
Scholar were searched up to 5th April 2012.

Search strategy
The search terms included the terms for “ADHD”, “attention-
deficit hyperactivity disorder”, and “magnesium”. The search was



not limited to any publication time. Non-English language was
not considered as an exclusion criterion. The retrieved titles and
abstracts were studied to select relevant articles.

Inclusion and exclusion criteria

The inclusion criteria were as follow: the study design was an in-
terventional study conducted in humans with no restrictions in the
study design; the effect of magnesium for treating the symptoms
of ADHD was assessed; the participants were children, adoles-
cents, and adults (from early childhood to elderly); and a validated
instrument was used to evaluate the clinical efficacy outcomes.

Trials were included if they were conducted on patients with
ADHD and studied the efficacy of magnesium on the clinical
symptoms of ADHD. Studies which employed magnesium as the
only treatment or as an adjunct to other treatments were included.
The articles which did not report the findings of an experimental
trial were excluded. Language and publication time were not con-
sidered as exclusion criteria.

The following criteria were considered in order to evaluate the
methodologic quality of randomized controlled clinical trials: ran-
dom sequence generation, allocation concealment, patient blind-
ing, assessor blinding, reporting of dropout or withdrawal, inten-
tion-to-treat analysis, selective outcome reporting, and other po-
tential biases. A data sheet was used to record the extracted data.

74 potentially suitable titles retrieved for more detailed evaluation
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Statistical analysis

It was aimed to conduct a statistical analysis. However, it was
not practical, because no randomized controlled clinical trial was
found.

Results

Seventy- four relevant titles were screened. Thirty- seven were
duplicated, fifteen were irrelevant, and four were without any in-
tervention. Overall, six articles reported interventions by admin-
istering magnesium supplements.®** From these six articles, one
was an open study without any control group,’® one was a case
report,?? and one article did not report unique data.?* There were
only three studies with a control group design.?#2 Two of these
three articles were not in English.?*2 Both of these two non-Eng-
lish articles provided English abstracts with some details about
the studies (Table 2). No double- blind randomized controlled
clinical trial was found (Figure 1).

Key data from these interventional studies are reported in Tables
1 and 2. Magnesium monotherapy studies were not found. There-
fore, the studies which included multicomponent formulas with
magnesium were reviewed. The observational study prescribed
polyunsaturated fatty acids (PUFA) in combination with zinc
and magnesium for three months. The study reported that this

h

‘ Six articles with intervention'” ™

Excluded:

37 were duplicated.
15 irrelevant' "7

Four noninterventional case-control study '*'®
Nine not any 14,37, 50-56

One hypothesis

2Twomagnesium pemoling™™

rvention

3

‘ Three articles with a control group™*'**

Excluded:

One open study without control group'”
One case report™

One not unique data™

!

‘ Zero randomized double- blind controlled clinical trial ]

Figure 1. Flowchart of study selection process.

Table 1. Summary of noncontrolled clinical studies of magnesium for patients with attention- deficit hyperactivity disorder

school

period of one to six
months

after two to four
months taking Mg
regimen.

First author . . . Design of . Main outcome ; Main adverse
Sample size Diagnosis Intervention Main outcomes
(year) study measure effects
Polyunsaturated SNAP-IV
fatty acids (PUFA) (Swanson, Nolan, No serious
810 children in combination with and Pelham Reduction in symptoms  adverse events,
1 ADHD Observational zinc and magnesium (SNAP) of attention- deficitand  parent-reported
Huss, 2010 aged five to . . I~
12 vears symptoms  study for three months; Strengths and hyperactivity/ tolerability
Y seven patients Difficulties impulsivity was poor in 20
took stimulants Questionnaire children (2.5%)
concurrently. (SDQ)
Mg level reached near
. Magnesium to normal level after
52. QIS . preparations « . taking Mg regimen for
with ADHD, ADHD Open trial (Uvimag_or The “Connor’s -
Mousain- " aged zero to according  without Magne—B_G) rEGhE Rating Scale ADHD clinical Not reported
Bosc, 2004 15 years from  to DSM- controlled for Parents and .
of 6 mg/kg/day for a " symptoms improved
a nursery \Y group Teachers”.
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Table 2. Summary of controlled clinical trials of magnesium for treating patients with attention- deficit hyperactivity disorder

First author . . . Design of . Main outcome . Main
Sample size Diagnosis Intervention Main outcomes adverse
(year) study measure
effects
Hyperactivity and
(hyperactivity,
hyperemotivity/
. aggressiveness were
:r?cICLE](;:greZO Magnesium- decreased.
childreng(mean vitamin B6 (Mg- Attention increased.
a0e: 6.49 vears: B6) regimen (6 Symptoms Intraerythrocyte Mg (Erc-
1% .irl's ar¥d ’ mg/kg/d Mg, 0.6 of ADHD Mg) values significantly
27 go 5) Open mg/kg/d vit-B6) (hyperactivity, increased in ADHD (2.32
Mousain- with XDHD ADHD coF:moIIed for at least eight hyperemotivity/ + 0.41 mmol/L versus 2.05 Not reported
Bosc, 2006 symptoms X weeks. aggressive-ness, + 0.3 mmol/L, P =0.004 P ’
symptoms and trial
3% cﬁildren lack of attention while these values were
(mean age: 4.37 No other at school) were still lower than for control.
cars lg .irl.s con-current scored Erc-Mg level returned to
an 2’2 Y medication was lower level when Mg-B6
boys) allowed. supply was discontinued.
Y Changes in Erc-Mg values
were not statistically
correlated with changes in
clinical symptoms.
31 children
aged from six Attention- A polyvitamin
Nogovitsina to 12 years, deficiency Controlled complex Decreased the level of
300621 " and 20 children  and clinical Magnesium- Not reported synkinesis, increased the Not reported
with similar hyperactivity  trial vitamin B6 (Mg- characteristics of attention
manifestations syndrome B6) for 30 days
as control group
50 patients
received standard
treatment and .
magnesium Hyperactivity was
75 children The “Connor’s decreased in magnesium
Starobrgt— with ADHD ADHD. Cz_)n_trolled sypplement for Rating Scale group while hyperactivity
Hermelin, . according to clinical six months, 25 : . Not reported
2 and deficiency K . for Parents and increased in the group
1998 . DSM-1V trial patient were left " . R
of magnesium Teachers”. which received standard

with standard
treatment without
magnesium
supplement.

treatment

supplementation decreased both inattentiveness and hyperactiv-
ity/impulsivity in both genders and all age groups (Table 1).*°

The other study by Mousain-Bosc, et al. was an open label study
without any control group.?? They reported that magnesium regi-
men decreased scholar inattention after four months while it did
not change scholar inattention after two months of taking the regi-
men. The intraerythrocyte magnesium level of reached near to
normal level after taking magnesium regimen in the 30 out of 52
children who were followed up.?

Mousain-Bosc, et al’s study was an open controlled trial. Mag-
nesium-vitamin B6 increased the magnesium plasma level and
decreased hyperactivity. In addition, the supplement decreased
inattentiveness.?

Safety of magnesium supplement

Except one study, safety issues were not reported in other trials.
The study reported that the supplement was tolerated well and the
rate of adverse effects was 2.5%.%°

Discussion

This is the first systematic review of the efficacy and safety of
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magnesium supplement for treating patients with ADHD. The
most striking finding of this systematic review is that there was
not any randomized double- blind controlled clinical trial investi-
gateing the possible efficacy and safety of magnesium supplement
for treating ADHD. Few interventional studies regarding the pos-
sible treating role of magnesium for ADHD are conducted. All of
them can be considered as preliminary reports because they have
methodologic limitations as follow:

Regarding the large study conducted by Huss, et al. it was not
a controlled clinical trial.*® In addition, the children were not for-
mally diagnosed with ADHD using DSM-IV diagnostic criteria.®
Moreover, the samples were prescribed a combination of supple-
ments that one of them was magnesium. Therefore, it cannot be
warranted that the findings are related to magnesium supplemen-
tation. Furthermore, socioeconomic status was not considered as
a covariate factor. Finally, psychiatric comorbidities are very fre-
quent in children with ADHD.??” For example, more than 50%
of them suffer from oppositional defiant disorder.?” It needs to be
noticed that the children were not assessed for possible zinc or
magnesium or PUFA deficiency at baseline. Meanwhile, the con-
centrations of fatty acid?® and zinc® in some children with ADHD
are lower than controls.



The other open label study without control group reported the ef-
fectiveness of magnesium for treating ADHD symptoms.?? How-
ever, there are some points which need to be considered before
the interpretation and generalization of its results. The sample was
a group of children from a nursery school. Moreover, their age
range was from zero to 15 years. It is not clear whether the diag-
nosis is valid and reliable for children as young as infants. In ad-
dition, as in other open trials, the results can be biased. Moreover,
no statistical report was provided regarding whether the regimen
affected on hyperactivity/impulsivity. Besides, nothing is men-
tioned about other possible psychiatric disorders comorbidities.?

The open clinical trial by Mousain-Bosc, et al. was not a ran-
domized double- blind trial.?° In addition, magnesium was ad-
ministered in combination with vitamin B6. Moreover, the main
outcome measurewas not familiar and it was not reported about
its validity and reliability. The questionnaire which was used in
that study consisted of three questions. There was one question
for each of hyperexcitability, hyperemotivity/aggressiveness, and
lack of school attention domains. While it is mentioned that the
children in the treatment group were with ADHD clinical symp-
toms according to DSM-1V, it does not seem that they were with
ADHD as a disorder. However, the study reported that there was
no association between the increases in the magnesium level and
improvement of ADHD clinical symptoms.2

The other controlled clinical trial included 75 patients with
ADHD and magnesium deficiency.? The English abstract of this
trial reported that standard treatment and magnesium supplement
decreased hyperactivity while standard treatment without magne-
sium supplement increased hyperactivity.?

Overall, the preliminary reports are promising that magnesium
is effective for treating ADHD. This effect may be due to mag-
nesium deficiency in children.®® However, further studies with
consideration of the following recommendations are suggested:
a. Stimulants may impact magnesium plasma level.’” Mean-

while, in some studies magnesium was not administered con-
currently with stimulants.**2° Further studies should consider
stimulants as a covariate factor.

b. The level of magnesium in plasma is lower than cerebrospi-
nal fluid in which an active transport process maintains this
gradient. Its concentration in extracellular space is four times
less than intracellular space.® Chronic hypermagnesemia
does not alter its level in whole brain in animals.®* Moreover,
acute hypermagnesemia weakly increases total and ionized
cerebrospinal fluid magnesium.*> Moreover, only 1% of
magnesium is not intracellular: Therefore, the peripheral
level of magnesium may not represent the actual level of
magnesium in the brain and nerve cells. Phosphorus nuclear
magnetic resonance (NMR) spectroscopy is suggested for
assessment of magnesium in the brain.®
Vitamin B6 deficiency negatively impact on magnesium bal-
ance.® Therefore, vitamin B6 deficiency and synergy of trace
nutrients and zinc ® should be screened in further studies.

c. Since kidney and liver functions are associated with mag-
nesium level, healthy kidney and liver functions need to be
included as well.

d. ADHD is a psychiatric disorder which its clinical symptoms
can occur in many other disorders. For example, inattentive-
ness is a clinical symptom of ADHD. Meanwhile, lack of
concentration is a symptom of major depressive disorder.
Therefore, future studies should consider rigorous methodol-
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ogy to examine the effect of magnesium on ADHD as disor-
der rather than only symptoms.

e.  Oppositional defiant disorder comorbidity in ADHD increas-
es the risk of limited variety of food and these children usu-
ally do not try new food.**

f.  All the trial studied the short-term effect of magnesium sup-
plementation. In addition, safety of magnesium supplemen-
tation in children with ADHD is an ignored area in all of the
studies except one.*®

g. Insome of the studies, magnesium was administered in com-
bination with stimulants or other standard treatments. Mean-
while, there is a speculation that some stimulants may affect
on magnesium serum level.” Moreover, we do not know
whether negative trials were not published yet and this has
distorted the overall picture about this matter.

h. Besides, depression and anxiety are not uncommon in
ADHD. Meanwhile, magnesium improved both anxiety and
depression in a study on animals.®

i.  Furthermore, ADHD is very common in children with au-
tistic disorders. Its prevalence in autistic disorders is more
than 50%.%

j. Dietary intake of magnesium influences study outcomes.
Therefore, dietary intake of magnesium needs to be consid-
ered.

In addition to the points mentioned above, the current review
suffers from some other limitations. The first one is lack of a well-
controlled magnesium monotherapy trial for treating ADHD.
Therefore, magnesium monotherapy is not studied yet. Secondly,
only one author reviewed current evidences. Third, current results
cannot be generalized to other age groups. Since there was no
double- blind controlled clinical trial, no statistical analysis could
be performed.

In conclusion, there was not any well-controlled clinical trial in-
vestigating the efficacy and safety of magnesium supplement for
treating ADHD. The limited evidences about magnesium efficacy
reported by preliminary studies should be examined in long-term
double- blind randomized controlled clinical trials with enough
sample sizes. In addition, covariate factors, such as comorbidi-
ties and concurrent medications should be considered. Therefore,
till enough strong evidence is provided and safety concerns are
removed, administering magnesium in children with ADHD and
without hypomagnesium is not recommended.

References

1. Ghanizadeh A. Association of nail biting and psychiatric disorders in
children and their parents in a psychiatrically referred sample of chil-
dren. Child Adolesc Psychiatry Ment Health. 2008; 2: 13.

2. Banaschewski T, Roessner V, Dittmann RW, Santosh PJ, Rothenberger
A. Non-stimulant medications in the treatment of ADHD. Eur Child
Adolesc Psychiatry. 2004; 13 (Suppl 1): 1102 — 116.

3. Eby GA, 3rd Eby KL. Magnesium for treatment-resistant depression: a
review and hypothesis. Med Hypotheses. 2010; 74: 649 — 660.

4. Cardoso CC, Lobato KR, Binfare RW, Ferreira PK, Rosa AO, Santos
AR, et al. Evidence for the involvement of the monoaminergic system
in the antidepressant-like effect of magnesium. Prog Neuropsychophar-
macol Biol Psychiatry. 2009; 33: 235 — 242.

5. Wul, Xiao H, Sun H, Zou L, Zhu LQ. Role of dopamine receptors in
ADHD: A systematic meta-analysis. Mol Neurobiol. 2012; 45: 605 —
620.

6. Del Campo N, Chamberlain SR, Sahakian BJ, Robbins TW. The roles
of dopamine and noradrenaline in the pathophysiology and treatment
of attention-deficit/hyperactivity disorder. Biol Psychiatry. 2011; 69:

Archives of Iranian Medicine, \olume 16, Number 7, July 2013 415



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

145 - 157.

Gamo NJ, Wang M, Arnsten AF. Methylphenidate and atomoxetine en-
hance prefrontal function through alpha2-adrenergic and dopamine D1
receptors. J Am Acad Child Adolesc Psychiatry. 2010; 49: 1011 — 1023.
Schmidt CJ, Taylor VL. Release of [3H]norepinephrine from rat hip-
pocampal slices by N-methyl-D-aspartate: comparison of the inhibitory
effects of Mg2+ and MK-801. Eur J Pharmacol. 1988; 156: 111 — 120.
Ludolph AG, Udvardi PT, Schaz U, Henes C, Adolph O, Weigt HU, et
al. Atomoxetine acts as an NMDA receptor blocker in clinically relevant
concentrations. Br J Pharmacol. 2010; 160: 283 — 291.

Pozzi L, Baviera M, Sacchetti G, Calcagno E, Balducci C, Invernizzi
RW, et al. Attention deficit induced by blockade of N-methyl D-aspar-
tate receptors in the prefrontal cortex is associated with enhanced gluta-
mate release and cAMP response element binding protein phosphoryla-
tion: role of metabotropic glutamate receptors 2/3. Neuroscience. 2011;
176: 336 — 348.

Stanwood GD, Leitch DB, Savchenko V, Wu J, Fitsanakis VA, Ander-
son DJ, et al. Manganese exposure is cytotoxic and alters dopaminergic
and GABAergic neurons within the basal ganglia. J Neurochem. 2009;
110: 378 — 389.

Mahmoud MM, El-Mazary AA, Maher RM, Saber MM. Zinc, ferritin,
magnesium, and copper in a group of Egyptian children with attention-
deficit hyperactivity disorder. Ital J Pediatr. 2011; 37: 60.

Archana E, Pai P, Prabhu BK, Shenoy RP, Prabhu K, Rao A. Altered
biochemical parameters in saliva of pediatric attention- deficit hyperac-
tivity disorder. Neurochem Res. 2012; 37: 330 — 334.

Nogovitsina OR, Levitina EV. Neurological aspect of clinical symp-
toms, pathophysiology, and correction in attention- deficit hyperactivity
disorder. Zh Nevrol Psikhiatr Im S S Korsakova. 2006; 106: 17 — 20.
Irmisch G, Thome J, Reis O, Hassler F, Weirich S. Modified magnesium
and lipoproteins in children with attention- deficit hyperactivity disorder
(ADHD). World J Biol Psychiatry. 2011; 12 (Suppl 1): 63 — 65.
Antalis CJ, Stevens LJ, Campbell M, Pazdro R, Ericson K, Burgess JR.
Omega-3 fatty acid status in attention-deficit/hyperactivity disorder.
Prostaglandins Leukot Essent Fatty Acids. 2006; 75: 299 — 308.
Schmidt ME, Kruesi MJ, Elia J, Borcherding BG, Elin RJ, Hosseini JM,
et al. Effect of dextroamphetamine and methylphenidate on calcium and
magnesium concentration in hyperactive boys. Psychiatry Res. 1994;
54:199 - 210.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis
JP, et al. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions: expla-
nation and elaboration. PLoS Med. 2009; 6: €1000100.

Huss M, Volp A, Stauss-Grabo M. Supplementation of polyunsaturated
fatty acids, magnesium, and zinc in children seeking medical advice for
attention-deficit/hyperactivity problems - an observational cohort study.
Lipids Health Dis. 2010; 9: 105.

Mousain-Bosc M, Roche M, Polge A, Pradal-Prat D, Rapin J, Bali JP.
Improvement of neurobehavioral disorders in children supplemented
with magnesium-vitamin B6. 1. Attention- deficit hyperactivity disor-
ders. Magnes Res. 2006; 19: 46 — 52.

Nogovitsina OR, Levitina EV. Effect of MAGNE-B6 on the clinical and
biochemical manifestations of the syndrome of attention- deficit and hy-
peractivity in children. Eksp Klin Farmakol. 2006; 69: 74 — 77.
Mousain-Bosc M, Roche M, Rapin J, Bali JP. Magnesium+ Vit B6 in-
take reduces central nervous system hyperexcitability in children. J Am
Coll Nutr. 2004; 23: 545S — 548S.

Starobrat-Hermelin B. The effect of deficiency of selected bioelements
on hyperactivity in children with certain specified mental disorders. Ann
Acad Med Stetin. 1998; 44: 297 — 314.

Starobrat-Hermelin B, Kozielec T. The effects of magnesium physi-
ological supplementation on hyperactivity in children with attention-
deficit hyperactivity disorder (ADHD). Positive response to magnesium
oral loading test. Magnes Res. 1997; 10: 149 — 156.

American Psychiatric Association. Diagnostic and statistical manual of
mental disorders.American Psychiatric Association, Washington, DC,
1994.

Ghanizadeh A. Psychiatric comorbidity differences in clinic-referred
children and adolescents with ADHD according to the subtypes and
gender. J Child Neurol. 2009; 24: 679 — 684.

Ghanizadeh A, Mohammadi MR, Moini R. Comorbidity of psychiatric
disorders and parental psychiatric disorders in a sample of Iranian chil-
dren with ADHD. J Atten Disord. 2008; 12: 149 — 155.

Stevens LJ, Zentall SS, Deck JL, Abate ML, Watkins BA, Lipp SR, et
al. Essential fatty acid metabolism in boys with attention-deficit hyper-
activity disorder. Am J Clin Nutr. 1995; 62: 761 — 768.

416 Archives of Iranian Medicine, Volume 16, Number 7, July 2013

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

Magnesium Therapy for Treating ADHD

Arnold LE, Bozzolo H, Hollway J, Cook A, DiSilvestro RA, Bozzolo
DR, et al. Serum zinc correlates with parent- and teacher- rated inat-
tention in children with attention-deficit/hyperactivity disorder. J Child
Adolesc Psychopharmacol. 2005; 15: 628 — 636.

Sarris J, Kean J, Schweitzer I, Lake J. Complementary medicines
(herbal and nutritional products) in the treatment of Attention -Deficit
Hyperactivity Disorder (ADHD): a systematic review of the evidence.
Complement Ther Med. 2011; 19: 216 — 227.

KimYJ, McFarlane C, Warner DS, Baker MT, Choi WW, Dexter F. The
effects of plasma and brain magnesium concentrations on lidocaine-
induced seizures in the rat. Anesth Analg. 1996; 83: 1223 — 1228.
McKee JA, Brewer RP, Macy GE, Phillips-Bute B, Campbell KA,
Borel CO, et al. Analysis of the brain bioavailability of peripherally ad-
ministered magnesium sulfate: A study in humans with acute brain in-
jury undergoing prolonged induced hypermagnesemia. Crit Care Med.
2005; 33: 661 — 666.

Turnlund JR, Betschart AA, Liebman M, Kretsch MJ, Sauberlich HE.
Vitamin B-6 depletion followed by repletion with animal- or plant-
source diets and calcium and magnesium metabolism in young women.
Am J Clin Nutr. 1992; 56: 905 — 910.

Ghanizadeh A. Parents reported oral sensory sensitivity processing and
food preference in ADHD. J Psychiatr Ment Health Nurs. 2012; 20(5):
426 - 432.

Spasov AA, lezhitsa IN, Kharitonova MV Kravchenko MS. Depres-
sion-like and anxiety-related behaviour of rats fed with magnesium-
deficient diet. Zh Vssh Nerv Deiat Im | P Pavlova. 2008; 58: 476 — 485.
Ghanizadeh A. Comorbidity and factor analysis on attention- deficit
hyperactivity disorder and autism spectrum disorder DSM-IV-derived
items. J Res Med Sci. 2012; 17(4): 368 —372.

Curtis LT, Patel K. Nutritional and environmental approaches to pre-
venting and treating autism and attention- deficit hyperactivity disorder
(ADHD): a review. J Altern Complement Med. 2008; 14: 79 — 85.
Nogovitsina OR, Levitina EV. Neurological aspects of the clinical fea-
tures, pathophysiology, and corrections of impairments in attention-
deficit hyperactivity disorder. Neurosci Behav Physiol. 2007; 37: 199
—202.

Bourre JM. Effects of nutrients (in food) on the structure and function
of the nervous system: update on dietary requirements for brain. Part 1:
micronutrients. J Nutr Health Aging. 2006; 10: 377 — 385.

Alm PA, Risberg J. Stuttering in adults: the acoustic startle response,
temperamental traits, and biological factors. J Commun Disord. 2007;
40: 1-41.

Baerlocher K. Interview with Professor Kurt Baerlocher, St. Gallen. Hy-
peractive child -- does it depend on magnesium? MMW Fortschr Med.
2003; 145: 65.

Arnold LE. Alternative treatments for adults with attention-deficit hy-
peractivity disorder (ADHD). Ann N Y Acad Sci. 2001; 931: 310 — 341.
Berdonces JL. Attention- deficit and infantile hyperactivity. Rev En-
ferm. 2001; 24: 11 - 14.

Gromova OA, Avdeenko TV, Burtsev EM, Skal’nyi AV, Solov’ev Ol.
Effects of cerebrolysin on the oxidant homeostasis, the content of mi-
croelements, and electrolytes in children with minimal brain dysfunc-
tion. Zh Nevrol Psikhiatr Im S S Korsakova. 1998; 98: 27 — 30.
Nizankowska-Blaz T, Korczowski R, Zys K Rybak A. Level of magne-
sium in blood serum in children from the Province of Rzesz’ow. Wiad
Lek. 1993; 46: 120 - 122.

Rimland B. Megavitamins and hyperactivity. Pediatrics. 1986; 78: 374
- 375.

Weiss RD, Pope HG, Mirin SM. Treatment of chronic cocaine abuse
and attention- deficit disorder, residual type, with magnesium pemoline.
Drug Alcohol Depend. 1985; 15: 69 — 72.

Heinze H. Long-term treatment with psychoverlan in children and ado-
lescents with behavior disorders. Fortschr Med. 1978; 96: Unknown.
Conners CK, Taylor E, Meo G, Kurtz MA, Fournier M. Magnesium
pemoline and dextroamphetamine: a controlled study in children with
minimal brain dysfunction. Psychopharmacologia. 1972; 26: 321 - 336.
Rucklidge JJ, Johnstone J, Kaplan BJ. Nutrient supplementation ap-
proaches in the treatment of ADHD. Expert Rev Neurother. 2009; 9:
461 — 476.

Hassler F, Duck A, Reis O, Buchmann J. [Alternative agents used in
ADHD]. Z Kinder Jugendpsychiatr Psychother. 2009; 37: 13 — 24,
Sinn N. Nutritional and dietary influences on attention- deficit hyperac-
tivity disorder. Nutr Rev. 2008; 66: 558 — 568.

Nogovitsina OR, Levitina EV. Diagnostic value of examination of the
magnesium homeostasis in children with attention- deficit syndrome
with hyperactivity. Klin Lab Diagn. 2005; 5: 17 - 19.



54.

55.

56.

57.

Guran T, Arman A, Akcay T, Kayan E, Atay Z, Turan S, et al. Cognitive
and psychosocial development in children with familial hypomagnesae-
mia. Magnes Res. 2011; 24: 7 - 12.

Kozielec T, Starobrat-Hermelin B. Assessment of magnesium levels in
children with attention- deficit hyperactivity disorder (ADHD). Magnes
Res.1997; 10: 143 —148.

Kozielec T, Starobrat-Hermelin B, Kotkowiak L. Deficiency of certain
trace elements in children with hyperactivity. Psychiatr Pol. 1994; 28:
345 -353.

Grimaldi BL. The central role of magnesium deficiency in Tourette’s
syndrome: causal relationships between magnesium deficiency, altered
biochemical pathways, and symptoms relating to Tourette’s syndrome
and several reported comorbid conditions. Med Hypotheses. 2002; 58:
47 - 60.

58.

59.

60.

A. Ghanizadeh

Wilens TE, Biederman J, Spencer TJ, Frazier J, Prince J, Bostic J, et
al. Controlled trial of high doses of pemoline for adults with attention-
deficit/hyperactivity disorder. J Clin Psychopharmacol. 1999; 19: 257
—264.

Caresia L, Pugnetti L, Besana R, Barteselli F, Guareschi Cazzullo A,
Musetti L, et al. EEG and clinical findings during pemoline treatment
in children and adults with attention- deficit disorder. An 8-week open
trial. Neuropsychobiology. 1984; 11: 158 — 167.

Ghanizadeh A, Berk M. Zinc for treating of children and adolescents
with attention-deficit hyperactivity disorder: a systematic review of ran-
domized controlled clinical trials. Eur J Clin Nutr. 2013; 67(1): 122
-124.

Archives of Iranian Medicine, \folume 16, Number 7, July 2013 417



