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Mineral lmbalance in Children、 with Autistic Disorders

正【iroshi Yasuda,Toshie Yonashiro,Kazuya Yoshida,Torrliko lshii,and″「oyoharu′ rsutsui

Research Laboratory,La Belle Vic,Inc.,Tokyo,Japan

Abstract

ln order to investigate any role of rninerals in autistic disorders,we measured 24 Hlineral contents in scalp hair

samples of 360 autistic children and compared with those of healthy controls.In the male autistic group aged 4‐9

years(N=200),the geOmetric means of many elemenl leVels,namely not only essential lninerals such as cobalt,

chromium,iodine,molybdenum and phosphorus,but ttso nickel,boron,cadmium and lead were significantly lower

than thOse in the control group(p〈 0.001).In cOntrast,selenium level was significantly higher in the autistic group.

On the mercury levels,no significant difference was obsゃrved between the two groups,though with a tendency of

low conlentration in the autistic group.Silnilar Hlineral imbalance profiles with a global rnineral deficiency were

observed in the other autistic groups aged O‐3 and 10‐15 years(N=85 and 20)and also in the female autistic groups.

In addition,high accumulation of a few elements such as iron,manganese,chromium,copper,sodium,aluminum,

cadlnium,lead,or mercury was observed in some autistic individuals,

These findings indicate that autistic children are suffered from a global lnineral deficiency in various trace

elements,with sOme individuals being exposed to a marked accumulation of several elements,Autistic children

may be classified to sub‐grOups,based on their Hlineral imbalance profile in hair.

Keywords:Autistic children,Global Hlineral deficiency;Mineral imbalance;Sub‐ groups.

introduction

Autism is a complex psychiatric disOrder Of neuro‐

developmental origin, characterized by ilnpairments

in social interaction and communication associated

with repetitive patterns of interest ahd/Or behaviOr

[1‐3].Autistic spectrum disorders(Aspergerも syn‐

drome,pervasive developmental disorder and autisrn)

are among the most prevalent developmental dis‐

orders with heritability, affecting as many as one in

500‐1000 children [1,4‐6]. lBoth genetic and environ‐

mental factors have been irnplicated in the path‐

ogenesis of autisHl,but its specific etiology remains to

be clarified [4‐8].

The role of environmental factors is still poorly

characterizedo Recently,the neurobiology of metal is
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receiving growing interest,since it has been linked to

m a i O r  n e u r O‐deg e n e r a t i v e  d i s e a s e s [ 9‐11] . I t  h a s  b e e n

suggested that thilnerosal,a mercury,containing pre‐

servative in vaccines,is a,risk factor for the develop‐

ment of autism[8].In order to investigate the roles of

neuro―toxic rnetals such as lnercury,lead,cadHliuHl or

alurninum in the etiology of autistic disorder,we have

deterHlined 24 minerals contents in hair samples of

autistic children and exaFnined relation between rrlin‐

eral balance and autistic disorder.

In this study, we demonstrated that the children

with autistic disorders are suffered from a global

Hlineral deficiency in various bio‐elements including

not only essential Fninerals but alsO toxic metals.

Furthermore, some autistic individuals were found

exposed to a marked accumulation of several ele‐

ments. These findings indicate that autistic children

may be classified to sub‐groups,based on their Hlin‐

eral imbalance prOfile in hair.

Materials and Methods

Hair lmineral analysお

The hair samples from tota1 360 autistic children

ｒ
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aged O-15 years (rnale: 305; femalei 55)were col‐

lected.The autistic group was comprised of children

exhibiting 
`autistic 

features' checked in the mark‐

seated questionnaire. The data of the children from

whose parent informed consent was obtained, were

used.

The cOntr01 group was consisted of healthy children

a g e d  O ‐1 5  y e a r s  w i t h  n o  d e s c r i p t i o n  o f  d i s e a s e s  o r  s y m p ‐

torns in their questionnaires(male:143;female:98).

The hair sample of 75 mg was weighed into 50Hll

plastic tube and,washed with acetone and then with

O.01% TritOn s01ution, according to the procedures

recommended by the Hair Analysis Standardization

Board,as reported previously[12].The washed hair

was mixed in 10 ml of 6.25%tetra methyl ammonium
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of the hair toxic rnineral levels in autistic and
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hydroxide(TMAH,Tama Chemical)with 50/1 of

O。1°/。gold solution(SPEX Certi Prep.),and then dis‐

solved at 75 degrees centigrade with shaking for 2

hours.After cooling thl solution to rooln temperature

and adusting its volume gravilnetric, the obtained

solution was used for Hlineral analysis. The Hlineral

concentrations were measured with inductively cou‐

pled plasma mass spectrometry(ICP,MS;Agilent

7500c and 7500i).

Mineral contents in hair were expressed as ng/g

hair(ppb)or μg/g(ppHl).The relative level of respec‐

tive Hlineral was obtained froHl the following equa‐

tion.

Relative level = Geometric mean in autistic chil‐

dren/Geometric mean in control children

Fttg。2  Hair cobalt,chroIIllunl and iodine levels in rnale

autistic children.

A:Cobalt;B:ChrOttwni C:Iodine.Open and

closed bars represent the geometric lnean values

of the hair essential Huneral leveis in autistic

and control dhildren groups aged O‐3, 4‐9 and

10‐15 years,respectively.t,H,Ⅲ
ⅢⅢ:significantly

different from control group with p〈 0。05,0.01,

0.001 respatively.

Stt

l

CO]

Th

=6)

tot

We

I

s k〔

log

運

We

ere

F

of r

lea《

200,

resI

levc

Tal

A CoLtt Leveに

25

20

名 1 5

o 10
0

5

0

田
0-3           4-9         10-15

毎  (ye範)

B:Chromtum Leveis

200

150

ニ
-a  1 0 0

0
50

0

0-3          4-9         10-15

矩  (yean)

C: :odhe Lve18

700

000

500

こ
400

V 
300

200

100

0

0-3          4-9         10-15

雑 (ycatj



Statistical methods

For statistical analysis, the data of the grOups

containing more than 10 subjects per group were used.

That iS,the data of female group aged 10‐15 years(N
=6)were excluded from analysis,and so the data of

tota1 354 autistic children(male:305;female:49)

were statistically analyzed:

Hair rnineral contents were distributed in positive

skew,and sO al1 0f the values were converted to the

logarithHl for statistical analysis.

Statistical significance was deterHlined using the

Welch'st_test.A p value of less than O.05 was consid‐

ered significant.

Resuits

Figure l shows the geometric means of hair levels

of representative toxic rnetals,mercury,cadrniurn and

lead,in male autistic groups aged O‐3(N=85),4‐ 9(N=

200)and 10‐15 years(N=20),in comparison with the

respective control group. The mean hair mercury

levels in the autistic children were not higher than

287

those in the control groups,rather tended to be low in

the group aged 4‐9 years(p=0.059).It is mOre marked

that hair cadmium and lead levels were high‐

significantly lower in the autistic groups aged O‐3 and

4‐9 years(p〈 0.0000). In addition, some essential rnin‐

erals such as cobalt(Co),chrOrrlium (Cr),and iodine(I)

were also markedly low in the autistiびgroup,being at

near about one half of those in the control group(Fig.

2).Furtherrnore,various rninerals such as rnolybde‐

num (Mo), copper(Cu), phosphorus(P), boron (B),

vanadium (V)and niCkel(Ni)were alsO significantly

lower in the autistic children(Table l). In cOntrast,

hair selenium (Se)and iron(Fe)level Was significantly

higher in the autistic group (pく0.0001 and p〈0,01,

respectively);these rlinerals are known as``paradox

Hlineral''. For visualizing the global alteration of

Hlineral balance in autistic children,the relative levels

of 24 ■linerals in the male autistic group aged 4‐9

years are shown(Fig.3).

A sirnilar, rnineral ilnbalance profile exhibiting

consistent Hlineral deficiency was observed in the

Mineral lmbalance in Children with Attistic Disorders

r

2

e

d

!l

l ‐

に

Table.l  Mean value and standard deviation of the 10garishns of hair Hlineral levels in autistic children.
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The mean value and standard deviation of the logarithms of rnineral levels in hair are ttown.

Statistical dgnincance was deteHnined using the Welch'st‐test.
牟:pく0,05, tキ:p〈0.01, '中・:p〈0,001
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other autistic groups of male children aged O‐3 and

10‐15 years(Fig.4 and 5)and also in the female groups

aged O‐3 and 4‐9 years(Fig.6). These results indicate

that the autistic children are suffered from universal

mineral deficiency.

In additiOn tO this global Hlineral deficiency,some

autistic children were found subjected to high accumu‐

lation of several essential and/or toxic minerals.The

number and appearance rate of the individuals with
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Fig。3  Hair Hlineral levels in male autistic children

aged 4‐9 years.Each bar represents the relative
level of the respective mineral in rlale autistic

children group aged 4‐9 years(N=200).

酎g。4  Hair mineral levels in male autistic children

aged O‐3 years.

Each bar represents the relative level of the

respective Hlineral in rrlale autistic children

group aged O‐3 years(N=85).
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group aged 10。15 years(N=20).
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Fttg.G  Hair Hlineral levels in female autistic children

group aged O‐3 and 4‐9 years.Each bar repre‐

sents the relative level of the respative mineral

in female autistic dlildren group aged O‐3 and

4‐9 years(N=1l and 38,respativelyl.

excessively high mineral levels are summarized in

Table 2.The appearance rate of the individuals with

high levels of iron,aluHlinunl,cadHlium,manganese,

lead,and mercury was 6.4,2.8,2.8,1.9,1.4 and O.80/。,

respectively.Some of the representative cases of high

Hlineral accumulation are shown in Fig.7‐10 The autis‐

tic child with high mercury level(Hg:18.6 ppm vs.2.

O ppm in control)is shown in Fig.7 The case with a

characteristic of high levels of iron(50.6 ppm vs.9.2

ppm),rnanganese(1.07 ppm vs.0.23 ppHl)and aluHli‐

num(49.3 ppm vs。11.6 ppm)is shOWn in Fig.8 The

child with high cadHlium (963 ppb vs.25 ppb)and lead

(10。9 ppm vs.0.77 ppm)is shoWn in Fig.9 The case

shown in Fig。10 is characteristic of high sodium and

p o t a s s i u m  l e v e l s ( 2 3 9  p p m  v s . 1 l  p p m  a n d  1 0 8  p p m  v s .

23 pprl,respectively).

Discusslon

Recently,the pathogenic roles of some metals have

been interested in various neuro‐degenerative diseases

[9‐11].Toxic elements such as mercury,lead,alumi‐

num or cadHlium were known to cause so血e fraction

of neuro‐developmental disabilities[13,14].A

mercury‐ contained preservative in vaccines, thilner‐

osal,has been considered to be a risk factor for the

development of autism[8],although there are some
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Table.2 Rate of the individuals with high mineral levels in autittic chidren.

Mineral Levet Number幹 R a t e Max:mum
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#:Nmber of the individuals with excessively high mineral level in autistic children(N=360)
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controversial reports on the role of rnercury in autism

[15‐17].On lead and cadmium,several study teams

reported the exposure to these toxic metals in the

children with autisH1 0r learning disorder [18‐21].

Whereas,Shearer et al.[22]and Wecker et al.[23]

reported that the hair cadmium levels in autistic

children were lower than those in the control children.

In this study,we measured the 24 111ineral levels of

the hair samples frorn more than 3 hundreds of chil‐
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酎と.9 Hair mineral profile of an autistic child with
high cadHliun and lead levels.Each bar repre‐

sents the relative level of the respative mineral

in a lnale audstic child aged 4 years old.

ng.lo Hair Hlineral profile of an autistic child with

high sodium and potattium levels.Each bar

represents the relative level of the raFtive

Huneralin a lnale audstic child aged 3 years old.

dren with autistic disorders, and demonstrated that

t h e y  a r e  s u f f e r e d  f r O m  m i n e r a l  i m b a l a n c e  w i t h  g l o b a l

mineral deficiency.That is,in the autistic groups,the

hair levels of variOus rninerals including essential and

toxic metals were markedly lower than thOse in the

control children. Especially their cobalt, chromiunl,

molybdenum,lodine and phosphorus levels were high

significantly lower than those of the cOntrol children.

Patients with autism appear to have a defect in
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serotonin metabolism. If the defect is due to a

decrease in tryptophan hydFOXylase activity(a tetra_

hydrobiopterin [BH4] dependent Fe‐ehzyme), sup‐

plementation with folic acid, ascorbic acid and vita‐

Hlin B12 may increase the activity of tryptophan

hydroxylase by inとreasinとBH4[24].Cobalt is the

central element of vitarllin B12 that is an essential

vitaHlin required for nuCleotide synthesis and E)NA

duplication. Thus,the deficiency of B12 induces not

only aneHlia, but als6 decreases in cell growth and

cellular activity[23,25],causing peripheral neurOpath‐

y, mental distraction, depression and even dementia

[26‐28].

Chrornium is a compottent of glucose tolerance

factOr and pヽlays a key role in cellular sensitivity to

insulin, and so its deficiency induces the disorder of

glucose mtttabolisHl, leading to cellular energy defi‐

ciencサand diSOrder of cell activity[29].It is suggest‐

ed that chrornium maサ preVent diabetes and heart

disease.

Iodine is a key element of thyroid hormone that

plays a cruclal role in brain development[30,31]. In

the children of hypothサroid mothers, behavioral

abnOrmalities including hyperactivity, learning defi‐

cits and increased prevalence of depression are report‐

ed[32].

In addition to the marked‐ decreased essential Hlin‐

erals above, molybdenunl, copper, phosphate, and

some trace elements such as vanadiunl,nickel,boron

and toxic metals such as cadHliuHl and lead were also

significantly decreased in the autistil groups. These

results indicate the possibility that the autistic chil‐

dren are suffered from global Hlineral deficiency in

their body and also in their brain tissue.Thus,global

deficiency of multi essential minerals may be related

to the pathogenesis of autistic symptoms.

The preslnt findings indicate the possibility that

autistic children have a common disorder in their body

mineral balance, with a marked deficiency in some

essential rninerals. The rlineral deficiency Or imbal‐

ance seems t0 1ead to the disorder of Hlineral‐

dependent  metabolic  pathways  regulating  brain

energy lnetabolisIIl and neurotransrnitter rnetabolism.

Thus,rnetabolic abnormalities due to Hlineral imbal‐

ance may play a role in the etiology of autism.

Arnold et al. [33] reported that childFen With

autisln appear rnore likely to have deficiency or 10wer

plasma levels in essential aHlino acids,suggesting the

possibility that some children with attism are alsO

deficient in the main nutrient protein.Our preliminary

study also showed that autistic children have signifi‐

cantly low frequencies of protein intake,in compari‐

s o n  w i t h  t h e  c o n t r o l  c h i l d r e n [ 3 4 ] . T h e s e  f i n d i n g s  m a y

give some reason why a dramatic reduction in autistic

symptoms was brought about by treatment with diet

or nutritional supplements[7].Itis knOwn that many

autistic children have food dislike.Therefore,there is

considered the possibility that the deficiency in rnin‐

erals and alnino acid may be secondary event due to

food dislike. Another possible origin of such defi‐

ciency is the intestinal leslon of autistic childrln[6,7].

The relationship between intestinal abnormalities and

autistic disorders is considered [35].

The present study suggests that autism is not due to

accumulation of neuro‐toxic metals such as mercury

or lead,rather maybe due to global and severe defi‐

ciency in essential rninerals such as cobalt,chroFniuHl,

molybdenum and iodine etc.,that leads to the follow‐

ing disorder of brain metabolism.In addition to this

global rnineral deficiency, high accumulation of sev‐

eral essential and/or toxic rninerals was observed in

some autistic individuals.Namely,Inultiple accumula‐

tions of iron and manganese, iron and aluminum,

cadHlium and lead,cadHlium and copper,sodium and

potassiurn or mercury etc,were observed(Fig.7‐ 10).

This variation in multiple accumulations may make

up some sub‐groups of autisln with different symp‐

toms,These findings suggest the possibility that the

autistic children are classified to some grOups,based

on their rlineral accumulation profile in hair.

In co,clusion,we have demonstrated that the chil‐

dren with autistic disorder have a global deficiency in

various bio‐elements including essential Hlinerals,

which probably leads to the disorder of Hlineral‐

dependent rnetabolic pathways in whole body and also

brain,These findings may provide some eヤidence for

any molecular and cellular interaction betweё n the

Fnineral disorder and the autistic features.The exact

mechanisrrl remains to be established how the Hlineral

ilnbalance has a relevance to the pathogenesis of

behavlor disorders.

Importantly,the present study suggeSts the possibil‐

ity that the improvement of rnineral imbalance in the

autistic children may lead to irnprove their sttp‐

toms/behavior and quality of life.The profile of hair

rnineral imbalance may be of use as a diagnostic t6ol

for the classification of children with autis「l and also

for the treatment/follow up of them.
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