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Abstract:
Autism spectrum disorders are a group of developmental disabilitiescharacterized by diminished social interactions
and delayed language, behavioural. Vitamin/mineral supplementation is beneficial in improving the nutritional and
metabolic status of children with autism. Limited, selfrestricteddiets, nutritional insufficiency and
metabolicimbalances may play a role in autism spectrum disorders (ASD) in children. Vitamin B6 resulted in better
eye contact,speech and self-stimulatorybehaviour in autistics children.Dimethylglycine (DMG)usually begins to
show benefit after 1-4weeks. Calcium regulation in the body plays a major role in neuronal development and
synaptic plasticity.Improved symptoms severity and sensory motor scores in autistic patients possibly due to
interaction with dopamine synthesis; Vitamin C also has a strong effect on glutathione.zinc deficiency disturbances
in ASD pathogenesis.Studies showed that most of children showing ASD symptoms had significant lowered zinc
levels in their hair. Vitamin A also some markedimprovement in autism symptoms, such as language, eye contact,
ability to socialize and sleep patterns, were improved.
Keywords: autism, ASD, vitamin A, dopamine.

Corresponding author:
Mrs. M Sudha,
Department of Pharmacy Practice,
J.K.K.Nattraja College of Pharmacy,
Kumarapalayam, Tamilnadu, India.
sudhacology@gmail.com
+91-8883109254

QR code

Please cite this article in press M Sudha et al.,, A Review on Role of Vitamins and Minerals in Autistic Spectrum
Disorders, Indo Am. J. P. Sci, 2018; 05(06).

www.iajps.com

Page 6050

IAJPS 2018, 05 (06), 6050-6056
INTRODUCTION:
Autism spectrum disorders are one of the genetic
disorder found in children. It is characterized
bydiminished social interactions and delayed
language,behavioral disturbances such as selfinjurious behaviour, aggressive attitudesin response
to routine environmental demands [1]. Enhancements
made in the diagnostic techniques within the last few
decades have led tothe differentiation and variation in
traditional use of the termautistic disorder to include
autism, Asperger’s syndrome,Rett’s syndrome, and
childhood disintegrative disorder. The ASD
beginsduring the first three years of life and varies
with gender in a male female ratio of 5:1 (male:
female) [2].
About 85% of the autistic suffer fromidiopathic
autism where the exact cause ofthe disease remains is
not known. On the other hand,incase of
symptomaticor secondary autism the causative factor
can be exists only in 15% of the cases [3].
The actual cause of autistic disorder is not
clear,because of that its pathophysiology begins early
during embryonic stage and preventive measures are
hard to take. The differentmultidimensional causes of
autism include geneticfactor and heterogeneity,
gastrointestinal pathology, autoimmunedisorder,
inflammation, increase level of oxidativestress,
disability of the body to detoxify toxins, dysfunction
of mitochondria.Vaccinations and food preservatives
are the iatrogenic causes. These factorsadd to the
pathogenicity of ASDs, of which most areinteractive.
Central nervous system autoimmunity exists insome
autistic patients [4]. Oxidative stress caused by
thereactive oxygen species is a causativefactor for the
occurence and severity of ASDs. Genetic studies
shows twins, families and genetic associationshave
revealed the presence of a high genetic correlation as
a cause ofautism [5]. 1 in 88 children of United states
developed any form of ASD, and the global
prevalence of the diseases is remain 1% [5]. In
SaudiArabia, 42,500 confirmed cases of autism were
reported in the year2002. Seizure are also prevalent in
22-30% of children with ASD [6].
Role of Vitamins and Minerals in Autistic
disorder
Vitamins and minerals (elements) are vital for human
health. The inadequate deficiency of vitamins and
mineralsdue to poor dietary intake contributes as a
major factor to many health problems like anemia
(low iron content),rickets (calcium and/or vitamin D
deficiency),scurvy
(vitamin
C
deficiency)
andhypothyroid (low iodine) .The relationship
between
relative
metabolicdisturbances
and
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developmental disorders, were also found in recent
times. For examplethose associated with attention
deficit disorder,learning disorders, and intellectual
development [7,8]. A study in Slovakia found that
children with autismhad significantly higher levels of
vitamin C and beta-carotene,but normal levels of
vitamin A and vitamin E,compared to older teen
controls [9,10].
Multiple Vitamin-Mineral Supplements
People with autism typically havepoor nutritional
status. They often have poor digestion(approximately
25 percent have chronicdiarrhea; 25 percent have
constipation).Manyhave intestinal inflammatory
conditions that limitnutrient absorption [11,12],
sometimes beneficial bacteria inthe intestines are
depleted, so fewer vitamins areproduced by these
friendly symbionts (vitaminB12, biotin, and vitamin
K, in particular) [13]. multivitamin supplementation
is beneficial for both adult and ASD children [14].
Around 50 percent ofsubjects found decreased levels
of vitamins A, B1, B3, andB5, and biotin; minerals
selenium, zinc, andmagnesium; essential amino
acids; and twoessential fatty acids (omega-3
eicosapentaenoic acid (EPA) and the omega-6
dihomogammalinolenic acid (DGLA)). Other
clinicians reportfrequent deficiencies of vitamins B6
and B12 andfolate. In 2002, Adams reported on a
double-blind,placebo-controlled trial supplementing
amultivitamin-mineral complex to 16 autisticchildren
for a three months.levels ofvitamins B6 and C in
blood were significantly increased,and sleep and
bowel patterns (parents’ scores) weresignificantly
improved. Multivitamin-mineralsupplements for
ASD children should not begiven with copper
because that is the onemineral they have in excess
[15].
Vitamin B6 and Magnesium
The active form of Vitamin B6 is pyridoxal-5phosphate (P5P), is an essential cofactorfor a
majority of metabolic pathways of neurotransmitters,
including serotonin, gammaamino-butyric acid
(GABA), dopamine, epinephrine and norepinephrine.
Magnesium is an essentialmineral required in large
amount for a wide range ofenzyme-catalyzed
metabolic pathways.While autism is not curable by
vitamin B6 areknown, many cases of notable
improvement have been documented. Heeley and
Roberts in 1966, had reported vitaminB6 corrected
abnormal tryptophan metabolismin 11 autistic
children [16]. In 1968,Bonischreported vitaminB6
with a dosing range of (100-600 mg per day)
improved behaviorin 12 of 16 autistic children.
Rimland, studies suggests that three of Bonisch’s
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subjects spoke for the first timewhile participating in
this open trial [17,18].

of autism spectrum disorders or in a specific
subgroup of the autism spectrum [25, 26].

Dimethylglycine
Dimethylglycine (DMG) is an orthomolecule present
in small amounts in foods, andis an important methyl
donor with antioxidantcharacter.The study by Kun
DMG was administered to 39 autisticchildren with
an age 3-7 years for three months; [19] and
benefitswere reported for (80%) of the autistic
children . Kern and collaboratorsconducted a fourweek, double-blind,placebo-controlled trial on 37
children age 3-11years [20]. Both the DMG and
placebo groups improvedbut showed no significant
difference betweenthe two groups. The short time
period of this trial may have been insufficient for the
full DMG benefitsto emerge. The nutrient TMG
(trimethylglycine; betaine)has a third methyl group,
and some expertsbelieve it could prove more
clinically effectivethan DMG. It maybe that DMG
does more for the autistic subjectthan merely
supporting methylation. Both thesenutrients may be
taken earlier in the day to avoid the rare possibility of
interference with sleep.Rimland recommends
children be startedon DMG at a low intake (60 mg
per day withbreakfast), then titrated up to 500 mg per
day.DMG usually begins to show benefit after 14weeks and, in some occasional cases, the results
within the first 24 hours [21]. Although speechis the
most consistent benefit, behavior alsoimproves.
Seizures have been improved byDMG, an important
benefit since an estimated onethirdof ASD subjects
have seizures by adulthood [22]. Occasionally an
ASD child will experience transienthyperactivity;
administering folic acid andvitamin B12 with DMG
lessens the likelihood ofthis effect [23].

Folic acid has a vital role in the neural development
and it also participates in the carbon metabolic
pathway, DNA synthesis, cell proliferation, immune
function etc [27]. The normal brain development also
affected by Folate deficiency througha variety of
mechanisms and the deficiency of folic acid during
pregnancy has been reported as a risk factorfor the
offspring to develop ASD [28].

Folic Acid
Folic
acid
is
essential
to
numerous
metabolicpathways. Several researchers reportfolic
acid has favourable effects on patients withautism
associated with fragile X syndrome.LeJeune
pioneered folic acid treatment of fragileX and,
according
to
Rimland
[17],
obtained
favourableresults on several non-fragile X autistic
childrenby giving relatively large doses of folic acid
(0.5-0.7 mg/kg/day). Vitamin B6 and folic acid,
supports numerous pathways that sustain and renew
the body’s tissues. Since folate and folic acid are vital
for the primary cellular processes, including DNA
replication and protein methylation, it is biologically
possible that folic acid intake may affect different
conditions positively or negatively depending on the
dosing and frequency [24]. Some researchers
intended that FR autoimmunity and cerebral folate
deficiency play a crucial role in the pathophysiology
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Calcium
Calciumand magnesium deficiency is most common
in autisticchildren [29]. about 22percent of an autistic
children sample had low 24-hour urinary calcium
excretion [30]. Calcium regulation in the body plays
a major role in neuronal development and synaptic
plasticity [31]. Extracellular calcium, is also present
on developing neurons and helps to control neurite
outgrowth in the developing postnatal brain [32].
Therefore, hypocalcemia in some patients with
22q11-deletion syndrome (22q11DS) may have a
harmful effect on neurite outgrowth and
synaptogensis. But there is evidence for
dysregulation of calcium in ASD [33]. Indeed, in
recent times calcium dysregulationemerged as the
most noticeable biological factor in ASD risk when
both genetic and environmental factors are taken into
consideration [34].
Vitamin C
Vitamin C has its role in a variety of metabolic,
antioxidant and bio-synthetic pathways and acts as a
cofactor for certain enzymes necessary for
neurotransmitter synthesis. In a double-blind trial for
30 weeks, vitamin C (8 g/70 kg body weight/day)
improved total symptom severity and sensory motor
scores [35]. vitamin C supplementation may have
positiveaffect on the pathological behaviour with
ASD people. It is thought that dysregulationof the
brain signalling glutamatergic system is prevented
byascorbic acid. And thereby reducesbrain
inflammation [36].
Treatment with Ascorbic acid showed a reduction in
the symptoms severity of autism. Adams and
Holloway studied the effect of moderate- dose
multivitamin supplements, containing vitamin C, on
autistic symptoms. Lower serum levels of vitamin C
were observed in children receiving placebo than in
children taking the supplement. It was found that
high vitamin C doses may affect sleep disorders and
gastrointestinal symptoms in ASD people [37, 38].
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Zinc
Zinc is essentialfor the development and maintenance
of organs such as brain, adrenal glands, GI tract, and
immune system. Serotonin synthesis which is depend
on zinc-activated enzymes; and it is also needed for
antioxidant enzymeactivity and other proteins which
enhance growth and homeostasis. The experiments
with rodents during their breedingfound that zinc
deficiency in the mother canbe passed on to the
offspring and negatively influenceimmunity and
brain development [39].
Zinc (Zn) and copper (Cu) may contribute factors in
the pathogenesis of ASDs [40, 41]. These elements
may also cause changes in the intestinal flora and
function in the autistic patients [42]. Malabsorption
due to pathological changes in the intestinal mucosa
may play an major role in autism. Low intracellular
Zn concentration has been associated with DNA
damage due oxidative stress, impairment of
antioxidant defences, and may be due to impairment
of DNA repair [43]. importantly Zn is primarily an
intracellular nutrient and serum Zn levels can be
normal in states of mild deficiencies [44]. Studies
showed that most of children showing ASD
symptoms had significantlowered zinc levels in their
hair [45]. Also Faber et. al. recommended the
importance of zinc deficiency and the metallothionein
detoxification system disturbances in ASD
pathogenesis [46]. They hypothesized that plasma
zinc/copper ratio may be considered as a one of
biomarkers of autism susceptibility in children. It was
also reported that supplementation of nutrients,
including zinc, during infancy development, can
reduce severity of ASD symptoms [45]. There are
some reasons showingthe GABA role in autism
aetiology [47]. GABA levels as a neurotransmitter is
reduced in autistic individuals. This amino acid
reduction
leads
toaggressiveness,restlessness,
irritability, and seizures [48].
Essential Fatty AcidsEssential fatty acids (EFAs)
function ashomeostatic constituents of cell
membranes, helpingto relay signal information from
outside thecell to the cell interior and are precursors
toeicosanoids that influence other cells, similar
tohormones. The longer-chain, 20- and 22carbonspecies are crucially important for prenatal
andpostnatal brain development [49].Biologically, the
18-carbon EFAs linoleic acid (omega-6) and alphalinolenic acid (omega-3) qualify as vitamins since
deficiency states areknown. Some adults can generate
the longer-chainEFA from the shorter-chain fatty
acids, but infantsare highly limited in this capacity
[50]. Studies conducted deficiency of EFA in autism
people arefew, but were consistent results. Bradstreet
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and Kartzinel found omega-3 fatty acids are also
found deficientin nearly 100 percent of ASD cases
during various studies.[29] 60% of the dry weight of
the brain are made up by fatty acid and 20% are made
up by long-chain polyunsaturated fatty acids (PUFA)
[51].
Concentration
of
DHA
(omega-3
docosahexaenoic acid is high at neuronal synapses
and positively affect the sodium potassium pump
activity in the brain and demonstrating the
maintenance of neuronal membrane potentials [52].
Phospholipids are a relevant type of lipid to be
studied in case of autism, because of their high
availability in the neuronal membranes also their
fatty acid composition is known to reflect long-term
fat uptake and storage [53, 54].
DHA is an omega-3 fatty acid derived from the
essential fatty acid precursor α-linolenic acid.
Humans should obtain DHA from their diets, either
as DHA itself, its precursor α-linolenic acid, or the
intermediates in the biosynthesis of DHA such as
eicosapentaenoic acid (EPA). The level of DHA in
the brain fluctuates with the amount of dietary intake
and the stage of life [55]. DHA accumulates rapidly
in the grey matter of the cortex in the late prenatal
and early postnatal period when the growth in volume
is the greatest, and declines progressively during the
aging process when there is a reduction in cortical
volume [56]. Evidence suggest that of DHA
deficiency is associated with cognitive and
behavioural deficits [55]. A high rate of autism is
found in infants who are born prematurely or who
have low birth weight [57]. Given that the rate of
DHA accumulation is the greatest during the third
trimester of pregnancy, this may indicate a link
between DHA deficiency and autism [58].
Vitamin A
Vitamin A is especially needed for cellgrowth and
differentiation, especially in epithelialtissues of the
gut and brain. Studies by Megson reported that on 60
children who received naturalvitamin A from cod
liver oil[CLO]for threemonths or longer [59]. Some
cases exhibited markedimprovement within days;
autism symptoms,such as language, eye contact,
ability to socialize and sleep patterns, were
consistently improved.
Although cod liver oil is unlikely to providea
sufficiently high content of omega-3 fattyacids to
correct
the
extent
of
deficiency
extant
indevelopmentally impaired children, and the
possibilityof vitamin A toxicity limits its upper
dosinglevel, it still has good clinical value. It is
importantto avoid CLO contaminated with
mercuryand other heavy metals [60, 61].
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Vitamin D
Vitamin D hormone plays a major role in autism.
Vitamin D is a fat-soluble vitamin which is converted
to its biologically active form 1,25-dihydroxyvitamin
D (calcitriol), a steroid hormone that regulates the
expression of >900 different genes for brain
development and function [62.] Vitamin D is first
converted to 25(OH)D3, which is the major stable
circulating form of vitaminD. 25(OH)D3 then is
converted to the active vitamin D hormone, 1,25dihydroxyvitamin D [63, 64]. The serum
concentrations of 25(OH)D3 required to maintain
bone health is <30 ng/ml [65].
The incidence of autism has also been linked to
maternal insufficiency of vitamin D in dark-skinned
mothers living in northern latitudes [66]. In
addition,Somali mothers who moved to Stockholm
have been shown to be severely vitamin D deficient
(<_20 ng/ml) and have approximately a 4.5 times
higher risk ofhaving a child with autism, as compared
with native Swedes [67]. Vitamin D regulate the
synthesis and response to oxytocin, as well as the
response to vasopressin, which could help improve
social functioning in ASD [68].
CONCLUSION:
Vitamin/mineral supplementation is beneficial in
improving the nutritional and metabolic status of
children with autism, and in reducing their
symptoms. Based on the current findings,
vitamin/mineral
supplementation
should
be
considered as an adjunct therapy for most children
and adults with autism.
REFERENCES:
1. Baghdadi A, Pascal C, Grisi S, Aussiloux C.
Risk factors for self injurious behaviours among
222 young children with autistic disorders. J
Intellect Disabil Res.2003; 47:622–627.
2. World Health Organization, In: The ICD-10
Classification of Mental and Behavioral
Disorders (ICD-10). WHO, Geneva.1992.
3. Sakai Y, Shaw C A, Dawson B C, Dugas DV,
Mohtaseb
Z,
Hill
DE,
ZoghbiY.
Proteininteractome reveals converging molecular
pathways among autism disorders. Science
Translational Medicine.2011; 3 (86), 86ra49.
4. Al-Yadhi LY, Mostafa GA. Low plasma
progranulin levels in children with autism.
Journal of Neuroinflammation.2011; 8: 111.
5. Muhle R, TrentacosteSV, RapinI. The genetics
of autism.Pediatrics.2004; 113 (5): 472–486.
6. TheoharidesTC, Zhang B. Neuroinflammation
blood brainbarrier seizures and autism. Journal
of Neuroinflammation.2011; 8: 168.

www.iajps.com

M. Sudha et al
7.

8.

9.
10.
11.
12.
13.
14.
15.
16.
17.

18.

19.

20.

21.

22.

23.

ISSN 2349-7750

Breakey J. The role of diet and behavior in
childhood. J Paediatr Child Health. 1997;
33:190-194.
Adams JB, George F, Audhya T. Abnormally
high plasma levels of vitaminB6 in children with
autism not taking supplements compared
tocontrols not taking supplements. J Altern
Complement Med. 2006;12(1):59-63.
Xia W, Zhou Y, Sun C, Wang J, Wu L. A
preliminary study on nutritionalstatus and
intake in Chinese children with autism. Eur J
Pediatr. 2010;69(10):1201-6.
Meguid NA, Hashish AF, Anwar M, Sidhom G.
Reduced serum levels of 25-hydroxy
and 1,25-dihydroxy vitamin D in Egyptian
children with autism.JAltern Complement
Med. 2010; 16(6):641-5.
Krajkovicova-Kudlackova M, Valachovicova M,
Mislanova C, Hudecova Z,
Sudstrova
M,
Ostatnikova
D.
Plasma
concentration of selectedantioxidants in autistic
children and adolescents. BratislLekListy.
2009;110(4):247-250.
Wakefield AJ, PulestonJM, Montgomery SM, et
al. Review article: the concept of enterocolonic
encephalopathy, autism and opioid receptor
ligands. Aliment Pharmacol Ther. 2002;16:663674.
Kidd PM. Autism an extreme challenge to
integrative medicine. Part 1. The knowledge
base. Altern Med Rev. 2002;7:292-316.
Rimland B. The use of vitamin B6, magnesium,
and DMG in the treatment of autisticchildren and
adults. In: Shaw W, ed. Biological Treatments
for Autism and PDD. Lenexa, KS: The Great
Plains Laboratory, Inc.; 2002.
Laidler JR. DAN Mercury Detoxification
Consensus Group. DAN (Defeat Autism
Now)Mercury Detoxification Consensus Group
Position Paper. San Diego CA: Autism Research
Institute. 2001.
Heeley AF, Roberts GE. A study of tryptophan
metabolism in psychotic children. Dev Med
Child Neurol. 1966;8:708-718.
Rimland B. Controversies in the treatment of
autistic children vitamin and drug therapy. J
Child Neurol. 1988;3:68-72.
Adams J, George F, Audhya T. Abnormally high
plasma levels of vitamin B6 in children with
autism not taking supplements compared to
controls not taking supplements. J Altern
Complement Med .2006;12:59-63.

24. Rimland B, Callaway E, Dreyfus P. The effect of
high doses of Vitamin B6 on autistic children a

Page 6054

IAJPS 2018, 05 (06), 6050-6056

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

double-blind crossover study. American Journal
of Psychiatry. 1978;135(4):472–475.
Kern JK, Miller VS, Cauller PL, et al.
Effectiveness of N,N-dimethylglycine in autism
and pervasive developmental disorder. J Child
Neurol.2001;16:169-173.
BolmanWM, Richmond JA. A double-blind,
placebo-controlled, crossover pilot trial of low
dose dimethylglycine in patients with autistic
disorder. J Autism Dev Disorder. 1999;29:191194.
RapinI, Katzman R. Neurobiology of autism.
Ann Neurol. 1998;43:7-14.
Lake Oswego.TheKirkman Guide to Intestinal
Health in Autism Spectrum Disorders. Kirkman
Laboratories. 2002;23(4):303-8.
Boris MD, Goldblatt PA, Galan J, James JS.
Association of MTHFR gene variants and
autism. J. Am. Phys. Surg. 2004; 9: 106–108.
Ramaekers VT, Blau N, SequeiraJM, Nassogne
MC, QuadorosEV. Folate receptor autoimmunity
and cerebral folate deficiency in low functioning
autism with neurological defects. Neropediatrics.
2007; 38: 276–281.
Ramaekers VT, QuadorosEV, Sequeira JM. Role
of receptor autoantibodies in infantile autism.
Mol. Psychiatry. 2013; 18: 270–271.
Desai A, SequeiraJM, QuadrosEV. The
metabolic basis for developmental disorders due
to
defective
folate
transport.Biochimie.2016;126:31-42.
Fujiwara T, Morisaki N, Honda Y, Sampei M,
Tani Y. Chemicals nutrition and autism spectrum
disorder A mini-review. Front. Neurosci. 2016;
10: 174.
Shattock P, Whiteley P. The Sunderland
Protocol:
A
Logical
Sequencing
of
BiomedicalInterventions for the Treatment of
Autism and Related Disorders. Sunderland, UK:
AutismResearch Unit, University of Sunderland.
2000;30:463-9.
Landgrebe AR, Landgrebe MA. Celiac autism:
calcium studies. In: Coleman M, ed. TheAutistic
Syndromes. New York, NY: Elsevier.1976; 50:
197-205.
Greer PL, Greenberg ME. From synapse to
nucleus: calcium-dependent gene transcription in
the control of synapse development and function.
Neuron. 2008; 59 (6):846–860.
Vizard TN, O’Keeffe GW, Gutierrez H, Kos CH,
Riccardi D, Davies AM. Regulation of axonal
and dendritic growth by the extracellular
calcium-sensing receptor. Nat Neurosci. 2008;
11 (3):285–291.
NapolioniV, PersicoAM, Porcelli V, Palmieri L.
The mitochondrial aspartate/ glutamate carrier

www.iajps.com

M. Sudha et al

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

ISSN 2349-7750

AGC1 and calcium homeostasis: physiological
links and abnormalities in autism. MolNeurobiol.
2011; 44 (1):83–92.
Zeidán-Chuliá F, Rybarczyk-FilhoJL, Salmina
AB, de Oliveira B-HN, Noda M, Moreira JCF.
Exploring the multifactorial nature of autism
through computational systems biology: calcium
and the Rho GTPase RAC1 under the spotlight.
Neuromolecular Med. 2013:1–20.
Dolske MC, Spollen J, McKay S, et al. A
preliminary trial of ascorbic acid as supplemental
therapy
for
autism.ProgNeuropsychopharmacolBiol
Psychiatry1993; 17:765-774.
Blaylock
RL,
Strunecka
A.
ImmuneGlutamatergic Dysfunction as a Central
Mechanism of the Autism Spectrum Disorders.
Curr Med Chem. 2009; 16: 157-170.
Adams JB, Holloway Ch. Pilot study of a
moderate dose multivitamin/mineral supplement
for children with Autistic Spectrum Disorder. J
Altern Complement Med.2004; 10; 1033-1039.
Dolske M, Spollen J, McKay S et al. A
preliminary trial of ascorbic acid as supplemental
therapy for autism. Prog neuropsychopharmacol
Biol psychiatry. 1993; 17:765-774.
Johnson S. Micronutrient accumulation and
depletion in schizophrenia, epilepsy, autism and
Parkinson’s
disease.
Med
Hypotheses.
2001;56:641-645.
Walsh W. Metallothionein promotion therapy in
autism spectrum disorders. In: RimlandB, ed.
DAN! (Defeat Autism Now!)Spring 2002
Conference Practitioner Training. San Diego,CA:
Autism Research Institute. 2002.
Faber S, Zinn GM, Kern JC 2nd, Kingston HM
.The plasma zinc/serum copper ratio as a
biomarker in children with autism spectrum
disorders. Biomarkers. 2009;14: 171–180.
De Theije CG, Wu J, da Silva SL, KamphuisPJ,
Garssen J, Korte SM, Kraneveld AD. Pathways
underlying the gut-to-brain connection in autism
spectrum disordersas future targets for disease
management. Eur J Pharmacol.2011;668: 70–80.
Russo AJ, DeVito R .Analysis of copper and
zinc plasma concentration the efficacy of zinc
therapy in individuals with Asperger’s syndrome,
pervasive developmentaldisorder not otherwise
specified (PDD-NOS) and autism.2011; 6: 127–
133.
Bales CW, DiSilvestro RA, Currie KL, Plaisted
CS, Joung H, Galanos AN, Lin PH. Marginal
zinc deficiency in older adults responsiveness of
zinc status indicators.J Am CollNutr. 1994; 13:
455–462.

Page 6055

IAJPS 2018, 05 (06), 6050-6056
50. Yasuda H, Yoshida K, Yasuda Y, TsutsuiTSci
Rep. 2011;1: 129.
51. Faber S, Zinn GM, Kern JC, Kingston
HM.Biomarkers. 2009;14; 171.
52. BjørklundG. The role of zinc and copper in
autism spectrum disorders. ActaNeurobiolExp.
2013; 73: 225–236.
53. Russo AJ, Devito R. Analysis of Copper and
Zinc Plasma Concentration and the efficacy of
Zinc therapyin individuals with Asperger’s
syndrome, pervasive Developmental Disorder
Not Otherwise Specified (PDDNOS) and
Autism. Biomarker Insights. 2011; 6:127–133.
54. Willatts P, Forsyth JS. The role of long-chain
polyunsaturated fatty acids in infant cognitive
development. Prostaglandins LeukotEssent Fatty
Acids. 2000;63:95-100.
55. Makrides M, Neumann M, Simmer K, et al. Are
long-chain polyunsaturated fatty acidsessential
nutrients in infancy. Lancet. 1995;345:14631468.
56. Vancassel S, Durand G, Barthelemy C, Lejeune
B, Martineau J, Guilloteau D, AndrèsC,ChalonS.
Plasma fatty acid levels in autistic children.
Prostaglandins LeukotEssent Fatty Acids. 2001;
65:1–7.
57. Richardson AJ. Long-chain polyunsaturated fatty
acids in childhood developmental andpsychiatric
disorders. Lipids .2004; 39:1215–1222.
58. Bell J G, MacKinlay E E, Dick J R, MacDonald
D J, Boyle R M, Glen A C. Essential fatty acids
and phospholipase A2 in autistic spectrum
disorders. Prostaglandins LeukotEssent Fatty
Acids. 2004; 71:201–204.
59. Green VA, Pituch K A, Itchon J, Choi A,
O’Reilly M&SigafoosJ. Internet survey of
treatments used by parents of children with
autism. Research in Developmental Disabilities.
2006; 27:70–84.
60. Innis SM. Dietary (n-3) Fatty Acids and Brain
Development. The Journal of Nutrition. 2007;
137(4):855-9.
61. Gomez-Pinilla F. Brain foods the effects of
nutrients on brain function Nature Reviews.
Neuroscience. 2008; 9(7):568-78.
62. Limperopoulos C, Bassan H, Sullivan NR, et al.
Positive Screening for Autism in Expreterm
Infants Prevalence and Risk Factors. Pediatrics.
2008; 121(4):758-65.

www.iajps.com

M. Sudha et al

ISSN 2349-7750

63. Field SS. Omega-3 Fatty Acids Prematurityand
Autism. Pediatrics. 2008; 122(6):1416-7.
64. Megson MN. Is autism a G-alpha protein defect
reversible
with
natural
vitamin
A.MedHypotheses. 2000;54:979-983.
65. Autism Research Institute (ARI). Parent ratings
of behavioral effects of biomedical
66. interventions. Autism Research Institute San
Diego CA.2002;7:472-498.
67. Megson M. Is autism a G-alpha protein defect
reversible with natural vitamin A.Med
68. hypothesis.2000;54:979-983.
69. Wang TT, Tavera-Mendoza L E, Laperriere D,
Libby E, MacLeod N B, Nagai Y, Bourdeau V,
KonstorumA,Lallemant B, Zhang R, Mader S
and
White JH. Large-scale in silico and
microarray-based identification of direct
1,25dihydroxyvitamin D3 target genes. Mol.
Endocrinol. 2005;19:2685–2695.
70. Holick M F, Chen T C. Vitamin D deficiency: a
worldwide problem with health consequences.
Am J ClinNutr. 2008;87:1080–1086.
71. Byrdwell W C, Devries J, Exler J, Harnly J M,
Holden JM, Holick MF, Hollis B W, Horst R L,
Lada M, Lemar L E, Patterson K Y, Philips K M,
Tarrago-Trani MT, Wolf W R. Analyzing
vitamin
D
in
foods
and
supplementsmethodologic challenges. Am J
ClinNutr. 2008;88:554–557.
72. Holick M F, Binkley N C, Bischoff-Ferrari H A,
Gordon CM, Hanley A, Heaney R P, Murad MH,
Weaver C M . Endocrine Society Evaluation
treatment and prevention of vitamin D deficiency
an Endocrine Societyclinical practice guideline. J
Clin Endocrinol Metab. 2011;96,:1911–1930.
73. Whitehouse A J, Holt B J, Serralha M, Holt PG,
Kusel MM, Hart P H. Maternal serum vitamin D
levels during pregnancy and offspring
neurocognitive
development.
Pediatrics.2012;129: 485–493.
74. Barnevik-Olsson M, Gillberg C, Fernell E.
Prevalence of autism in children of Somali origin
living in Stockholm brief report of an at-risk
population. Dev Med Child Neurol. 2010;52:
1167–1168.
75. Meguid N A, Atta HM, Gouda AS, Khalil R O.
Role of polyunsaturated fatty acids in the
Management of Egyptian children with
autism.ClinBiochem.2008;41:1044–1048.

Page 6056

