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Abstract Toxic levels of heavy metals and low levels of
essential minerals have been suggested to play a critical role
in the pathogenesis of autism spectrum disorders (ASD).
This study documents the levels of heavy metals and essen-
tial minerals in hair samples of children with ASD in Mus-
cat, the urbanized capital of Oman, Muscat. The study
included 27 children with ASD and 27 matched non-ASD
controls. Parental interviews were held and dietary intake
questionnaires completed in conjunction with the collection
of hair samples. Analysis of heavy metals and essential
minerals was carried out by inductively coupled plasma
mass spectrometry. Chi-square analysis and non-

parametric Fisher’s exact tests were used to assess sta-
tistical significance. Children with ASD had significant-
ly higher levels of all 11 analyzed heavy metals in their
hair samples (P<0.05), ranging from 150 to 365 % of
control levels. ASD children also had significantly higher
levels of essential minerals sulfur, sodium, magnesium, po-
tassium, zinc, and iron, but lower levels of calcium and copper
in their hair samples. This study corroborates data from pre-
vious studies in different parts of the world indicating the
presence of elevated levels of heavy metals and selective
depletion of essential minerals in the hair of children with
ASD.
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Background

Autism spectrum disorders (ASDs) are a group of neuro-
developmental disorders characterized by impaired psycho-
social and adaptive skills functioning that has a direct
bearing on social interaction, communication skills, and
patterns of activity [1]. Prevalence rates of ASDs range from
1 to 20 per 1,000 people worldwide [2, 3]. Although par-
tially attributed to improved diagnosis accuracy and clinical
awareness [4], the magnitude of children diagnosed with
autism has dramatically increased in recent years [5–7].
With the increasing number of children with ASD in many
parts of the world, the interplay between nurture and eco-
logical and biological factors in ASD pathogenesis appears
to be important [8, 9].

Few studies have explored the levels of heavy metals and
essential minerals among children diagnosed with ASD in
Arabian Gulf countries [10, 11]. Preliminary surveys have
suggested that this region has a significant number of chil-
dren with ASD; the rate has been shown to range from 29/
10,000 in the United Arab Emirates [12] to 1.4/10,000 in
Oman [13].

Despite its global burden, attempts to pinpoint possible
pathophysiological mechanisms for ASD have led to con-
tradictory conclusions. Among numerous factors linked to
the development of ASD is the contribution of environmen-
tal toxins, acting as neurotoxins to the central nervous
system and adversely affecting prenatal development [14,
15]. Various birth defects and fetal developmental abnor-
malities have been linked to environmental toxins [16–18] ,
and studies from different parts of the world have docu-
mented possible adverse roles of heavy metals in the devel-
opment and expression of ASD [19–22]. Essential minerals
are crucially important for the proper functioning of biolog-
ical systems [23], and dysregulation of their levels may
contribute to the development of ASD [24, 25]. In support
of such a view, a study in Venezuela [26] documented an
inverse relation between either an “excess or a deficiency”
of essential minerals, which paralleled variations in ASD
severity. Levels of the trace elements copper, zinc, magne-
sium, and selenium in hair and nail samples of ASD
patients from South India strongly correlated with the
severity of the disease [27]. Studies from other parts of
the world generated similar results [28–30]. Given the
aforementioned link between heavy metal toxicity, dis-
turbance of essential minerals, and ASD, the present
study explored whether there are variations in hair lev-
els of heavy metals and essential minerals content in
Omani children diagnosed with ASD and those without.

The present study tested the hypothesis that children with
ASD will show variations and deregulated levels of heavy
metals and essential minerals when compared to non-ASD
controls.

Methods

The study was conducted over the period from December
2009 to August 2010 among children and adolescents seek-
ing consultation at the Child Psychiatry outpatient clinic of
Sultan Qaboos University Hospital (SQUH). All consenting
(from accompanying parent) participants (n027), 3–
14 years, who fulfilled the criteria for diagnosis of ASD
according to threshold defined by Childhood Autism Rating
Scale [31] and Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision [1] were invited to
participate in this study. Each participant’s mother was
interviewed one-on-one. Interview questions were designed
to elicit information regarding the child’s developmental
milestones, socio-demographic background, and dietary his-
tory, in addition to other risk factors that might indicate a
predisposition to autism, including pregnancy complications,
preterm delivery, breastfeeding, and family history of autism.
To overcome the problem of “reverse causality”— that autistic
children might have changed their social or dietary habits after
diagnosis—only recently diagnosed cases were included, for
which the dietary intake questionnaire was administered
within 10–14 days of confirming the diagnosis.

In addition to those who fulfilled criteria for diagnosis of
ASD, participants with overall similarity in terms of age,
gender, and ethnicity were recruited as controls. Control
subjects were randomly selected from eligible outpatients
at the Department of Child Health at SQUH. Inclusion
criteria included those seeking consultation for trauma, rou-
tine physical examination, dental problems, and dermato-
logical problems. Further exclusion criteria for the control
group included the presence of any overt neurodevelopmen-
tal or behavioral disturbances or history of pervasive and
persistent malnutrition. Pediatricians and a family physician
were involved in ruling out the possible presence of any
sub-clinical autistic features in the control group, and con-
trols had no known characteristics of ASD.

The accompanying family members for both groups
(children with ASD and control) were explicitly informed
that their participation in this study was purely voluntary
and their participation or otherwise would not hamper their
care seeking at this tertiary care hospital. The study was
approved by the Medical Research Ethics Committee of
Sultan Qaboos University. All caregivers of participants
provided their informed consent to be included in the study.

The present protocol for hair sampling has been detailed
elsewhere [25]. To recapitulate, all measurements were
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conducted on a Perkin–Elmer mass spectrometer (Sciex
Elan 6100), standardized by a regression method by means
of a four-point calibration curve using commercially avail-
able stock standard solutions. The accuracy of the study
calibration and the entire methodology was verified by the
appropriate use of reagent blanks, independent calibration
verification standard check solutions, and pooled hair speci-
mens, pooled hair aqueous solutions, and other hair material
with established reference ranges. Hair sampling has several
advantages compared to blood sampling. Hair specimen has
high validity in determining the state of a given mineral in the
body [32]. In addition, it is a non-invasive procedure, and
therefore, hair specimen can be collected more easily than
blood specimen. It does not require a professional medic to
collect it, and it is generally resistant to contamination com-
pared to blood or urine specimens.

Chi-square analyses were used to evaluate the statistical
significance of differences among portions of categorical
data. The non-parametric Fisher’s exact test (two tailed)
was used instead of the Chi-square test for small sample
sizes where the expected frequency was less than five in any
of the two by two table cells. For measurements of heavy
metals, median and inter-quartile ranges were used as meas-
ures of location and dispersion because of a relatively large
variation in values. The non-parametric Mann–Whitney test
was used to ascertain any significant differences between
the mean values of two continuous variables. All statistical
analyses were performed using the Statistical Package for
Social Sciences (SPSS) software (Version 19.0, IBM,
Chicago, Illinois, USA); a cut-off P value of <0.05 was the
threshold of statistical significance for all tests.

Results

A total 54 children, 27 children with ASD and 27 controls,
participated in this study. The male-to-female ratio was
approximately 4:1 for ASD subjects and 3:1 for control
subjects. The average age was not significantly different
between children with ASD and controls. Selected socio-
demographic characteristics of all subjects at the time of
enrollment in the study are summarized in Table 1.

Biochemical analysis of heavy metal levels in hair sam-
ples revealed statistically significant differences for each of
the metals analyzed (p<0.05), with ASD children exhibiting
higher levels in their hair samples compared to non-ASD
controls (Table 2). The extent of the increase varied from
50 % for boron, to 265 % for molybdenum.

When compared to controls, children with ASD had sig-
nificantly higher levels of several essential minerals (sulfur,
sodium, magnesium, potassium, zinc, and iron) in their hair
samples (Table 3). In contrast, calcium and copper levels were
significantly higher among controls (p<0.05), while levels of

phosphorous and manganese were not significantly different.
It is worth mentioning that sulfur is not an essential mineral,

Table 1 Socio-demographic characteristics of ASD cases and control
group, Oman, 2010

Characteristics Cases (N027) Controls (N027) P value
N (%) N (%)

Gender 0.51

Male 22 (81.5) 20 (74.1)

Female 5 (18.5) 7 (25.9)

Mean age (year) 5.3 (1.5) 5.5 (1.4) 0.84

Mean birth weight (kg)

2.50–3.99 23 (85.2) 21 (77.8) 0.12

<2.50 3 (11.1) 5 (18.5)

>3.99 1 (3.7) 1 (3.7)

Area of residence 0.31

Urban 19 (70.4) 17 (63.0)

Rural 8 (29.6) 12 (44.4)

Monthly family
income (OR)

0.39

Less than 500 11 (40.7) 9 (33.3)

500 to 1,000 10 (37.0) 12 (44.4)

Greater than 1,000 6 (22.2) 6 (22.2)

Educational level
of mother

0.24

Illiterate 3 (11.1) 5 (18.5)

Basic education 15 (55.6) 14 (51.9)

Finished high school 9 (33.3) 8 (29.6)

Occupation of mother 0.31

Working 10 (37.0) 8 (29.6)

Housewife/retired 17 (63.0) 19 (70.4)

Table 2 Comparison of levels of heavy metals in hair samples of cases
with ASD and controls, Oman, 2010

Elements (unit) Cases (n027) Controls (n027) P value
Median (quartile) Median (quartile)

Lead (Pb) 12.2 (1.1) 6.3 (0.8) 0.03

Aluminum (Al)a 2.3 (0.3) 1.2 (0.2) 0.002

Silicon (Si) 90.1 (11.1) 53.3 (6.9) 0.02

Molybdenum (Mo) 8.4 (1.7) 2.3 (0.6) 0.01

Vanadium (V) 6.3 (0.7) 2.8 (0.4) 0.002

Chromium (Cr) 23.6 (2.3) 9.9 (1.6) 0.001

Cadmium (Cd) 7.4 (0.9) 3.0 (0.4) 0.001

Cobalt (Co) 14.7 (1.7) 6.1 (0.9) 0.001

Nickel (Ni) 11.6 (0.89) 5.6 (0.7) 0.003

Boron (B)a 2.1 (0.2) 1.4 (0.2) 0.003

Barium (Ba)a 8.4 (0.9) 4.8 (0.6) 0.003

Unit: microgram per gram of hair)
a Per 100 unit of measurement
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yet it was included in the analysis as it is an essential nutrient
to humans.

Discussion

This study examined and compared the levels of essential
minerals and heavy metals among Omani children with
ASDs and those without. Improper levels of both of these
factors have been suggested as possible contributors to autism.
Our results are consistent with this suggestion, reinforcing
awareness of the importance of proper nutritional support
and avoidance of exposure to hazardous environmental toxins,
especially during early development.

Several lines of evidence from the literature support the
rationale of the present study to explore the role of heavy
metals in the pathogenesis of Omani children with ASD.
Indeed, recent studies have suggested that the country has a
substantial number of children with ASD. Diagnosed ASD
cases were estimated to be 1.4/10,000, but this may only be
the tip of the iceberg, since many cases are believed to be
undiagnosed and unreported [13]. Within the background of
an emerging epidemiological trend for increasing ASD
rates, Oman, and the region in general, may not be immune
to the hazardous effects of heavy metals. Firstly, Oman has
witnessed a rapid economic industrialization. The economic
expansion and massive development of “free ports/zones” in
the regions of countries adjacent to Oman have heralded it to
be the “hub” for industrialization, manufacturing, transna-
tional shipment as well as for a construction boom. Poten-
tially toxic metals are generally found in chemical products,
fertilizers, industrial paint, and building materials which are
in increasing use. Toxic metals are an integral part of health
provider services, including dental fillings, as well as

vaccine adjuvants and preservatives used in various drug
solutions. Children exposed to such potentially hazardous
metals have been documented with unacceptably high heavy
metal levels [18–22]. Extant empirical data suggests that
high levels of heavy metals or their byproducts are found
in certain species of seawater shellfish, fresh water fish, art
supplies, processed food, fertilizers, and batteries [21, 33, 34].
Secondly, the Middle East has been a region in political
turmoil over the last few decades, with several wars occurring
in the region, including the First and Second GulfWars. There
are speculations that the influx of military infrastructure and
the resultant wars have exposed the region to environmental
toxins [35, 36].

Within such background, the present study assessed the
presence of lead, aluminum, silicon, molybdenum, vanadi-
um, chromium, cadmium, cobalt, nickel, boron, and barium.
Compared to children with non-diagnosis of ASD, the indi-
ces of these heavy metals were qualitatively higher in the
hair of children with ASD. This study, unlike previous ones
[21, 24, 25], has identified a wide spectrum of heavy metals
to be significantly higher among children with ASD, further
advancing the idea that heavy metals are strongly pres-
ent in the biological system of children with ASD. It
remains to be seen whether such presence is just a coinci-
dence or an epiphenomenon, or whether it reflects an
integral part of the initiating pathology or adaptation to
having ASD.

Several factors might play a role in explaining the ob-
served differences in levels of heavy metals and essential
minerals. It is expected that children raised in the same
environment in the Arabian Gulf have similar pattern of
exposure to heavy metals and essential minerals. Therefore,
the differences observed between ASD and non-ASD chil-
dren might not be simply a result of excessive exposure to
toxins, but it might be due to higher retention or probably
higher absorption. There is increasing evidence that children
with ASD show a marked inability to process and eliminate
toxins from the body [27]. The accumulation of toxins leads
to increased free radical activity in the body which eventu-
ally negatively affects the structure of the nervous system.
Notably, detoxification and excretion of heavy metals relies
upon their conjugation to glutathione, whose levels are
significantly reduced in ASD subjects [37]. According to
Al-Ayadhi [11], if multiple toxic exposures can be consid-
ered as a contributing factor that triggers ASD, prospective
mothers could be screened for heavy metals exposure prior
to conception. To our knowledge, such diagnostic evalua-
tions have not been considered in medical practice in the
region. Therefore, such a practice needs to be considered in
order to mitigate the possible role of heavy metals in the
pathogenesis of ASD.

Our second aim was to examine the levels of essential
minerals among children with ASD and compare their level

Table 3 Comparison of levels of essential minerals in hair samples of
cases with ASD and controls, Oman, 2010

Elements Cases (n027) Controls (n027) P value
Median (quartile) Median (quartile)

Sulfur (S)a 1,816.9 (45.9) 1,686.8 (50.8) 0.02

Phosphorus (P) 63.2 (6.7) 74.3 (4.8) 0.14

Sodium (Na)a 47.4 (3.2) 30.5 (2.2) 0.006

Magnesium (Mg)a 4.3 (0.7) 1.8 (0.2) 0.001

Potassium (K)a 16.8 (1.2) 11.6 (0.7) 0.007

Calcium (Ca)a 1.66 (1.1) 8.9 (0.7) 0.0001

Zinc (Zn)a 5.4 (0.82) 2.9 (2.2) 0.0001

Copper (Cu) 1.2 (0.1) 6.6 (0.7) 0.02

Manganese (Mn) 0.82 (0.2) 0.90 (0.1) 0.93

Iron (Fe) 91.3 (7.6) 46.3 (4.9) 0.0001

Unit: microgram per gram of hair)
a Per 100 unit of measurement
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to neurotypical children. Previous studies in Oman have
documented malnutrition and deficiencies in folate and vi-
tamin B12 among children diagnosed with ASD [3, 38, 39],
and these findings have sparked interest to explore the
integrity of other dietary minerals that are vital for the
proper cellular function. This study focused on sulfur, phos-
phorus, sodium, magnesium, potassium, calcium, zinc, cop-
per, manganese, and iron, and the results showed that
children with ASD displayed markedly lower levels of
calcium and copper, but levels of sulfur, sodium, magne-
sium, potassium, zinc, and iron were higher. The present
finding is generally consistent with previous reports of
abnormal essential mineral levels in ASD [25, 40–43], al-
though it has been suggested that their occurrence may be an
artifact of ASD [44, 45]. Our results differ from the study by
Abdullah et al. [24] which observed lower manganese lev-
els. Their study also found no statistically significant differ-
ence between these two groups of children in phosphorus.
As there is interplay between the function of calcium and
phosphorus, it is possible that a reduction in calcium may
have heightened presently observed phosphorus functioning
[46]. The lower levels of copper and higher levels of iron we
found may have particular significance for promoting oxi-
dative stress. Since children with ASD are characterized
with poor eating habits, our results may be explained by
an inadequate nutritional intake which, in turn, has implica-
tions for potential dietary intervention.

Several limitations of our study must be acknowledged,
and the inferences that can be taken from these findings
should be made with caution. The present results remain
limited by the available information. In particular, detailed
data on possible sources of exposure to heavy metals in the
environment were lacking. The results would have been
more comprehensive if metal testing was also performed
on mothers of concerned children. Furthermore, the infer-
ences of this study were made on a relatively small sample
size: only 27 children with ASD and a comparable number
of controls. Data analysis might have been more robust if a
larger sample size had been considered. As noted earlier,
one intractable issue pertinent to these types of study is to
rule out whether the presence of toxic material in the hair is
a reflection of pathology or a reaction or adaptation to some
inherent mechanisms that are central to ASD. The present
case–control study is not equipped to shed light on such a
complex issue. Finally, previous research geared towards
deciphering the “etiology” of ASD is rife with claims and
counterclaims that were detrimental for reaching evidence-
based enlightened views on ASD causation. Despite the
above-mentioned caveats, to our knowledge, this is the first
study to link levels of heavy metals and essential minerals in
hair samples of Omani children with autism, and our find-
ings largely substantiate studies from other parts of the
world.

Conclusions

The present study demonstrated toxic heavy metal exposure
and nutritional inadequacies in children with ASD as com-
pared to children with no cardinal symptoms of ASD. It
would be premature to conclude that levels of heavy metals
and essential minerals in hair samples of Omani children
with autism constitute a major component in the pathophys-
iology of ASD. Therefore, more studies to evaluate this
possibility are imperative. The strength of this study is that
it substantiates the findings from previous similar studies.
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