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Abstract This study investigates both the level of toxic
metals in children with autism and the possible association
of those toxic metals with autism severity. This study in-
volved 55 children with autism ages 5—16 years compared to
44 controls with similar age and gender. The study included
measurements of toxic metals in whole blood, red blood
cells (RBC), and urine. The autism group had higher levels
of lead in RBC (+41 %, p=0.002) and higher urinary levels
of lead (+74 %, p=0.02), thallium (+77 %, p=0.0001), tin
(+115 %, p=0.01), and tungsten (+44 %, p=0.00005).
However, the autism group had slightly lower levels of
cadmium in whole blood (=19 %, p=0.003). A stepwise,
multiple linear regression analysis found a strong associa-
tion of levels of toxic metals with variation in the degree of
severity of autism for all the severity scales (adjusted R* of
0.38-0.47, p<0.0003). Cadmium (whole blood) and mercu-
ry (whole blood and RBC) were the most consistently
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significant variables. Overall, children with autism have
higher average levels of several toxic metals, and levels of
several toxic metals are strongly associated with variations
in the severity of autism for all three of the autism severity
scales investigated.
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Thallium - Tungsten

Background and Significance

Determination of toxic metal exposure in classic lead poi-
soning, such as due to ingestion of lead paint, is relatively
easy and involves measuring blood levels of lead. However,
in autism, the problem appears to usually not be high expo-
sure, but rather decreased excretion. The half-life of lead,
mercury, and other toxic metals in the blood is weeks to
months, so those metals rapidly leave the blood and accu-
mulate in tissue and/or bone. Since biopsies of those tissues
are invasive, this makes assessment of toxic metal exposure
in autism more complex.

Many studies suggest that children with autism have a
decreased ability to excrete toxic metals, leading to a higher
body burden. The decreased ability to excrete toxic metals is
partly due to low glutathione [1-4] since glutathione conju-
gation (and subsequent excretion in the feces) is the primary
pathway for removal of some toxic metals. Another factor
that also decreases ability to excrete toxic metals in feces is
increased use of oral antibiotics [5—8] since oral antibiotics
have been shown (in rats) to almost completely inhibit
excretion of mercury [9, 10] due to their effect on altering
gut flora. This is consistent with two studies which found
lower levels of mercury in the baby hair of children with
autism, [8, 11], one study which found decreased lead,
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arsenic, and cadmium in hair of young children with autism
[12], and one study [13] reanalyzed correctly [14] which
found abnormal ratios of mercury in blood to mercury in
hair consistent with an excretion problem.

One study in Kuwait [15] found children with autism had
dramatically higher levels of mercury (15 times higher, p<
0.001) and somewhat higher levels of lead (2.1 times higher,
p<0.001) and uranium (3 times higher, »p<0.001) compared
to neurotypical children. The levels of mercury in the
Kuwait study (median of 4.5 ppm in the children with
ASD) are far higher than in most other studies and clearly
suggest a toxic exposure to mercury in those Kuwaiti chil-
dren. In one study in the USA [8], there was a small subset
(10 %) of children with ASD who had similar high levels,
whereas most of the ASD children had lower levels than the
neurotypical group. So, the Kuwaiti study provides strong
evidence of exposure to toxic levels of mercury in the
Kuwaiti children with autism, whereas the other studies
suggest a problem with excretion of mercury.

Evidence of increased body burden of toxic metals in
children with autism includes a small study [7] which found
children with autism had twice the level of mercury in whole
baby teeth as did neurotypical children, but similar levels of
lead. In contrast, a recent small study of enamel of baby
teeth did not find differences in levels of lead or mercury in
children with autism vs. neurotypical children [16]. Enamel
(exterior of tooth) is completely formed by 3—12 months of
age [17], whereas dentin (interior of tooth) is living tissue
until the tooth is lost, so it reflects exposure throughout
childhood [18]. If both studies are valid, then this may
suggest that increased mercury deposition occurred primar-
ily during childhood after the age of 3—12 months, but
further research is needed to validate that possible interpre-
tation of these small studies.

One recent large study of mercury levels in red blood
cells (RBC) found that children with autism had significant-
ly higher levels of mercury in their RBC (1.9x% higher, p<
0.0001) than did typical children [19]. However, a recent
similar very large study of mercury levels in whole blood
did not find a significant difference in mercury levels be-
tween children with autism and controls, although they did
find that mercury levels correlated with seafood consump-
tion and dental amalgams [20].

One study of urinary excretion of chromium, lead and
cadmium in Turkey [21] found that children with ASD had
increased excretion of chromium, but decreased levels of
excretion of cadmium and lead compared to neurotypical
controls. However, the age and gender of the controls were
unspecified and may not have matched those of the autism
group.

Another study investigated the administration of dimer-
captosuccinic acid (DMSA), a medication which binds to
some toxic metals and excretes them in the urine; that study
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found that children with autism excreted mercury at three to
six times the level of neurotypical children after both groups
received the DMSA [22]. One group [23] attempted a sim-
ilar study, but their study was seriously flawed due to very
small sample size (15 autism and 4 neurotypicals) and very
insensitive measurement techniques such that the toxic met-
als were measureable in less than 15 % of the autism cases
and none of the control cases, so they were lacked the
necessary sensitivity to observe differences between the
groups.

Measurements of urinary porphyrins are an indirect
method to assess exposure to certain toxic metals, especially
lead and mercury, due to their effect on inhibiting the
porphyrin pathway. Three studies [24—26] of urinary por-
phyrins found that children with autism had higher levels of
porphyrins which may be associated with increased mercury
body burden, and one study [27] found a significant corre-
lation of autism severity with mercury-related porphyrins.
One study [28] did not find differences in pre-coprophyrin
(associated with mercury), but did find differences in several
other porphyrins including significantly elevated levels of
coproporphyrin (associated with lead and mercury). That
study also investigated levels of mercury in urine and did
not find significant differences in urinary excretion of mer-
cury in children with autism vs. controls; however, mercury
is primarily excreted in the bile, not the urine, unless there is
use of a chelator such as DMSA that is excreted in the urine.

Three environmental studies [29-31] have linked autism
incidence with increased level of airborne mercury and (in
one study) other airborne toxins.

One study [32] investigated the incidence of autism
in the grandchildren of survivors of acrodynia, a dis-
order involving unusual susceptibility to mercury, and
found an incidence of 1 in 22 compared to 1 in 160 in
the general population. So, it appears that the grand-
children of individuals known to be unusually vulner-
able to mercury were themselves at much greater risk
of developing autism, presumably due to a genetic
vulnerability to mercury.

One study investigated the effect of DMSA on children
with autism. One paper [33] found that 2245 % (p<0.005)
of the variation in autism severity was associated with
urinary levels of toxic metals pre and post administration
of DMSA, based on a regression analysis. The open-label
treatment study found that DMSA therapy was effective in
removing toxic metals, improving glutathione levels, and
partially improving platelet status (a marker of inflamma-
tion) [34]. DMSA therapy also resulted in improvements in
autism severity, with the degree of improvement being
associated with the baseline level of toxic metals and
glutathione [35].

Overall, many studies suggest that children with autism
have an impaired ability to excrete mercury and other toxic
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metals due to low glutathione (which binds to toxic metals
and excretes them in the bile) and excessive oral antibiotic
use (which greatly inhibits fecal excretion). Many but not all
studies suggest that children with autism have a higher body
burden of mercury and other toxic metals, and that airborne
mercury is a risk factor for autism.

The purpose of this paper is to further investigate the
toxicological status of children with autism compared to
age- and gender-matched neurotypical children. Specifical-
ly, we hypothesize that:

1. Children with autism will have higher levels of some
toxic metals in their blood and urine, presumably due to
a combination of increased exposure, increased absorp-
tion, and an impairment in the fecal excretion of toxic
metals.

2. The severity of autism will be associated with level of
toxic metals in blood and urine.

The data collected for this study were part of a larger
study which also evaluated the nutritional and metabolic
status of children with autism compared to neurotypical
controls of similar age and gender [4].

Methodology

This paper reports on the toxicological status of children
with autism compared to neurotypical children. This
study was conducted with the approval of the Human
Subjects Institutional Review Board of Arizona State
University.

Table 1 Characteristics of participants

Participants

Participants were recruited from Arizona with the help of the
Autism Society of America—Greater Phoenix Chapter (by
email and mailing of the IRB-approved invitation letter) and
the Arizona Division of Developmental Disabilities (by mail-
ing of the IRB-approved invitation letter). Also, neurotypical
controls were recruited by asking participants to share the
IRB-approved invitation letter for neurotypical families with
their friends and neighbors. All parents and (where possible)
children signed parent consent/child assent forms.

Enrollment Criteria

1. Age 5-16 years old

2. No usage of a vitamin/mineral supplement in the
last 2 months

3. No current use of any chelation treatment

4. Autism group: prior diagnosis of autism, PDD/
NOS, or Asperger’s by a psychiatrist or similar
professional, with written verification (no additional
assessment was done in this study)

5. Control group: in good mental and physical health
and no siblings with autism spectrum disorders, and
no evidence of attention deficit disorder by parent
report (no additional assessment was done in this
study)

Participants

The characteristics of the study participants are listed in
Table 1.

Autism group

Neurotypical group

Total participants 55 44

Male 49 (89 %) 39 (89 %)
Female 6 (11 %) 5(11 %)
Age (years) 10.0£3.1 11.0+3.1

Diagnosis

Medications

Special Diets

Nutritional Supplements

PDD-BI (modified autism composite)
ATEC

SAS

85 % autism, 4 % PDD/NOS, 11 % Asperger’s

55 % no medications; 29 % psycho-pharmaceuticals—
primarily risperdal and clonidine; 9 % on CNS
stimulants (primarily Concerta); 4 % on anti-
convulsants 5 % on GI medications; 7 % on
asthma/allergy medicine; 2 % on insulin

84 % on regular diet; 3 gluten-free, casein-free
diet; 1 gluten-free; 3 reduced dairy/gluten;

2 low sugar
1 on fish oil; 2 on melatonin

—63+54
64+25
4.9+2.4

In good mental and physical health

89 % no medications; 9 % on anti-
inflammatories (asthma/allergies);
2 % on anti-incontinence medication

1 child on dairy-free diet

none
n/a
n/a

n/a
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Study Protocol

1. Participant parents contacted the study coordinator,
and the study was explained by telephone. Consent/
assent forms were sent to the parents for review, and
then signed copies were brought to the study coor-
dinator. The principal investigator (J.B. Adams)
also discussed the study personally with each
participant.

2. Parents of children with autism completed three
questionnaires relating to the severity and symp-
toms of autism (see below).

3. The study physician conducted a physical exam to
determine that the children were in adequate health
for participating in the study.

4. Morning blood samples were collected after an
overnight fast (8—12 h). Morning urine samples
were collected, and in almost all cases, these were
first-morning (overnight) urines.

5. All study data (questionnaires and laboratory sam-
ples) were assigned a coordinating subject code. All
laboratory analyses were done blinded to subject
group (autism or control).

Lab Measurements

Levels of many toxic metals were measured in whole blood, red
blood cells (RBC), and urine (see Tables 2 and 3), based on the
testing available from Doctor’s Data (St. Charles, IL, USA—
www.doctorsdata.com). Doctor’s Data are certified by CLIA,
the Clinical Laboratory Improvement Amendments program
operated by the US Department of Health and Human Services
which oversees approximately 200,000 laboratories in the USA.

Urine is a measure of recent exposure (several days),
RBC is a measure of longer term exposure (several months),
and whole blood is intermediate between urine and RBC
since it includes a mixture of short-term (serum) and long-
term (cellular) components.

Table 2 Toxic metals: the level of toxic metals was measured in whole blood, RBC, and urine

Toxic metals Autism group Neurotypical

% Difference Autism group Neurotypical

% Difference p value

(mean) group (mean) (mean) (median) Group (median) (median)
Whole blood (ug/L) N=54 N=44
Arsenic 3.30+0.75 3.37+0.56 3.30 3.40 n.s.
Barium (41 %/34 % below dl) 1.02+0.94 1.03+0.94 0.70 1.0 ns.
Cadmium 0.64+0.23 0.79+0.23 =19 % 0.70 0.80 =13 % 0.003 W
Cobalt 0.221+0.09 0.25+0.13 0.20 0.20 n.s.
Lead 10.4+9.8 8.8+6.6 0.80 0.65 ns.
RBC (ng/g) N=55 N=43
Arsenic 4.3+£0.93 4.33+0.84 4.0 4.0 n.s.
Lead 19+18 13£9.1 +41 % 14 10 +40 % 0.002 W
Urine (ug/g-creatinine) N=54 N=44
Aluminum (11 %/14 % below dl) 19.4+18 153£13 14.0 11.5 n.s.
Antimony (22 %/45 % below dl) 0.167+0.20  0.165+0.25 0.100 0.085 ns.
Arsenic 30.8+94 17.9+£23.6 13.5 12.0 n.s.
Cadmium (9 %/16 % below dl) 0.282+0.19  0.231+0.20 0.20 0.20 n.s.
Lead (35 %/57 % below dl) 0.57+0.86 0.32+0.45 +74 % 0.30 0.10 +200 % 0.02 W
Nickel 6.77+4.4 5.61+£4.6 5.95 4.80 0.08 W
Thallium (9 %/45 % below dl) 0.104+0.083 0.058+0.041 +77 % 0.075 0.040 +88 % 0.0001 W
Tin (4 %/11 % below dl) 2.55+3.7 1.19+£1.3 +115% 1.15 0.70 +64 % 0.01 W
Tungsten (0 %/14 % below dl) 0.334+0.23  0.232+0.40 +44 % 0.30 0.10 +200 % 0.00005 W
Tungsten without 1 neurotypical outlier® 0.174+0.13 +91 %

The mean (with standard deviation) and median are both listed because high outliers are common for some measurements, so that the mean and
median are sometimes quite different. The % difference in mean and median is listed when the p value is <0.05. Applying the Bonferroni analysis to
the 21 comparisons, p values are defined as: “significant”=p<0.002, “marginally significant”=p<0.005, and “possibly significant”=p<0.05. In
some cases, data were below the detectable limit—if this was greater than 10 %, then in the leftmost column, we report the %ASD/% Neurotypical
group below the detectable limit (dl). For many tests, the data was not normally distributed, and in those cases, a nonparametric Wilcoxon test was

used instead of a ¢ test—those p values are marked with a W

 One of the typical children had an unusually high level of tungsten (2.7 mcg/g-creatinine); when this is removed from the analysis, the difference

between the groups becomes larger
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Table 3 Measurements of toxic metals where more than 50 % were below the detection limit

Toxic metals Detection limit % Above detection Autism group (mean)  Neurotypical % Difference (mean)  p value
limit (autism/controls) group (mean)

Whole Blood (ug/L) N=54 N=44

Mercury 0.60 13 %/26 % 0.75+0.67 0.87+0.76 n.s.
RBC (ng/g) N=55 N=43

Mercury 1.0 9 %/14 % 1.2+0.81 1.3£1.2 n.s.
Urine (ug/g-creatinine) N=54 N=44

Bismuth 0.10 26 %/18 % 0.39+1.5 0.29+0.57 n.s.
Mercury 0.30 47 %/30 % 2.58+11 1.01+3.9 n.s.
Uranium 0.03 20 %/11 % 0.032+0.009 0.033+0.027 n.s.

The mean values are calculated by using the value of the detection limit for samples at or below the detection limit, so the means are upper bounds

to the true means

Whole blood and packed red blood cells were collected
in a potassium EDTA trace metal free (royal blue top; BD
Vacutainer, Franklin Lakes, NJ). Packed red blood cells
were spun for 15 min in a centrifuge at 1,500xg (g force).
The plasma and buffy coat were removed and the remaining
packed red blood cells were submitted for testing. Elemental
analysis was performed after digesting an aliquot of sample
using a temperature controlled microwave digestion system
(Mars5; CEM Corp; Matthews, SC) following the same
procedure for nitric acid microwave digestion and sample
procedure as used previously for hair [36]. The digested
sample was analyzed by inductively coupled plasma—mass
spectrometry (ICP-MS; Elan DRCII; Perkin Elmer Corp;
Shelton, CT). Results were verified for precision and accu-
racy using controls from Doctor’s Data and Seronorm whole
blood controls (Sero; Billingstad, Norway).

For some of the elements, a fraction of the samples had
undetectable levels and that is reported in Table 2. For cases
where over half of the samples had undetectable levels, the
results should be interpreted with great caution.

Assessing Autistic Symptoms and Severity

Three tools were used to assess the severity and symptoms
of autism, namely the pervasive developmental disorder
behavior inventory (PDD-BI) [37], autism treatment evalu-
ation checklist (ATEC) [38], and severity of autism scale
(SAS) [33]. For the PDD-BI, we used a slightly modified
autism composite, in which the semantic/pragmatic prob-
lems (SemPP) subscale is ignored. The reason is that the
SemPP is difficult to interpret, since children with no spo-
ken language inappropriately score as less severe than those
with limited language. Therefore, following the example of
our previous study [33] we exclude the SemPP subscale in
calculating the autism composite score, resulting in a mod-
ified autism composite score consisting of the sum of the

sensory/perceptual approach, ritualisms/resistance to
change, social pragmatic problems, social approach behav-
iors, and phonological and semantic pragmatic subscales.

Statistical Analysis

Several types of statistical analyses were used, depending on
the research question being addressed. In comparing variables
between groups (such as children with autism vs. neurotypical
children), two-sided unpaired ¢ tests were used. The unpaired ¢
tests were either done assuming equal variance or unequal
variance, based on the results of a test for equal variance. For
individual comparisons, a p value of 0.05 or lower was as-
sumed significant. However, in order to maintain an overall
significance of 5 % when multiple comparisons were consid-
ered, a smaller per test p value was considered significant
based on a Bonferroni analysis—this is defined at the begin-
ning of the results section. Pearson correlation coefficients
were obtained to determine the strengths of linear relation-
ships among the variables involved in the analyses. Some of
the data for toxic metals in urine and blood were not normally
distributed, so in those cases a non-parametric Wilcoxon test
was used instead of a ¢ test.

Note that for a few measurements there was some data
below our detection limit. In those cases, we substituted the
value of the detection limit for the data point; so for cases
where some samples were below detection limit, our reported
measured values are an upper bound to the true value.

Regression analysis was employed to examine the rela-
tionship between the severity of autism (assessed by the
ATEC, PDD-BI, and SAS) and the levels of toxic metals
in whole blood, RBC, and urine. For the selected dependent
and independent variables, step-wise linear regression anal-
yses were conducted: initially, all independent variables
were included in the regression; then at each step, the
variable with the highest p value was eliminated, and this
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Fig. 1 Average levels of toxic metals in whole blood, RBC, and urine
which were significantly different between the autism and neurotypical
groups. The average values are shown in columns, rescaled to the
average neurotypical value. The vertical bars display the 25th and
75thpercentiles. The number of asterisks indicates the p value (*p<
0.05, **p<0.01, ***p<0.001). In all the cases but one, the autism
group had higher levels of toxic metals. In most cases, the variation
between the 25th and 75th percentiles is greater for the autism group

process was continued until the adjusted R* value began
declining. Thus, the goal was to determine the best fit to
the sample data for the selected model, taking into account
the correlation among the independent variables.

Results
Detection Limits

Different metals were measurable in different compartments,
with urinary levels generally being the most sensitive. For
whole blood, detectable levels of arsenic, barium, cadmium,
cobalt, lead, and mercury were measured; levels of nickel,
platinum, silver, thallium, and uranium were also measured,
but they were below the laboratory’s detection limits of 3, 0.2,
0.1, 0.1, and 0.1 mcg/L, respectively, for those elements.

For RBC, detectable levels of arsenic, lead, and mercury
were measured. Levels of cadmium and thallium were mea-
sured, but were below the laboratory detection limits of
0.001 and 0.0001 mcg/g, respectively.

For urine, detectable levels of aluminum, antimony, arsenic,
bismuth, cadmium, lead, mercury, nickel, thallium, tin, tung-
sten, and uranium were measured. Levels of beryllium, plati-
num, and thorium were below the laboratory detection limit in
almost all cases—only one child (with autism) had detectable
beryllium (0.2 mcg/g-creatinine) and only one child (with
autism) had detectable platinum (0.05 mcg/g-creatinine).

Levels of Toxic Elements

Toxic elements were measured in the whole blood (WB),
RBC, and urine, and their values were given in Table 2 and
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Fig. 1. The distribution of toxic elements was not normally
distributed; rather, it was skewed toward higher levels such
that the mean was sometimes much higher than the median.
So, Table 2 reports both the mean and the median, and
Wilcoxon test instead of a ¢ test was used for comparing
the autism and neurotypical groups. Applying the Bonfer-
roni analysis to the 21 comparisons, p values are defined as:
“significant”=p<0.002, “marginally significant”’=p<0.005,
and “possibly significant”=p<0.05.

Compared to the controls, the children with autism had
significantly higher levels of lead in RBC and thallium and
tungsten in urine. There were also possibly significant
higher levels of lead and tin in urine. There was a possibly
significant slightly lower level of cadmium in the whole
blood (but not in urine).

For tungsten in urine, one of the typical children had an
unusually high level (2.7 mcg/g creatinine), which was 16
times higher than the average of the other children, and 4.5
times higher than the next highest value. So, the mean value
is reported with and without this data.

Table 3 lists the levels of toxic metals in which more than
half of the samples had levels below the detectable limits.
There were no significant differences between the autism
and neurotypical group, but this should be interpreted with
caution due to the detection limits.

We also investigated the correlations of levels of some
toxic metals measured in WB, RBC, and urine—see Table 4.
For lead, there are very strong correlations among values in
WB, RBC, and urine. For arsenic, there are weak correla-
tions between WB and RBC, and between WB and urine,
but none between RBC and urine. Arsenic levels in urine are
very susceptible to consumption of arsenic-rich foods such
as shellfish, so lower correlation with WB and RBC is
expected. (Speciation of arsenic could distinguish between
organic and inorganic forms, and might yield stronger cor-
relations). For cadmium, there was no correlation of levels
in WB and urine, presumably because cadmium levels were
low and cadmium is primarily excreted in the bile, not the
urine. (Cadmium was not measured in RBC because the
concentration in serum is much higher than in RBC). For
other toxic metals either, no data was available, or most of
the data were below the detectable limit, preventing any
direct comparison.

Correlations with Autism Severity

We calculated the correlations of each biomarker with each
of the three autism severity scales. Table 5 lists the bio-
markers which had the highest correlation with autism se-
verity (R>0.34 in absolute magnitude, corresponding to a p
value of 0.01 or lower). Note that because we are simulta-
neously investigating correlations with many biomarkers,
the cut-off for significance is not p=0.05, but below 0.001.



Toxicological Status of Children with Autism

Table 4 Correlation of toxic metals in blood and urine

Autism group Neurotypical group

Lead WB-RBC 0.94 0.77
WB-Uri 0.71 0.52
RBC-Uri 0.69 0.68
Arsenic WB-RBC 0.35 0.08
WB-Uri 0.27 0.36
RBC-Uri 0.00 0.16
Cadmium WB-Uri 0.07 0.09

So none of the results are significant, but some are possibly
significant. Cadmium (WB) and mercury (WB and RBC)
had correlations of R>0.34 in absolute magnitude, but those
correlations are only possibly significant.

Regression Analysis

The regression analysis (see Table 6) yielded highly signif-
icant results for each autism severity scale, with all three
severity scales having high adjusted R* (0.38-0.47). Cad-
mium (WB) and mercury (RBC and WB) were the most
consistently significant variables.

Discussion

Levels of toxic metals in blood and urine reflect a combi-
nation of exposure, absorption, and excretion of toxic met-
als. Higher levels of toxic metals in blood or urine suggest a
combination of increased exposure, increased absorption,
and/or decreased fecal excretion (most toxic metals are
conjugated to glutathione, excreted in the bile into the
intestines, and then expelled in the feces). The major differ-
ences between the autism group and the neurotypical group
were a much higher level of lead in RBC, and much higher
urinary levels of several toxic metals, including primarily
thallium and tungsten, and possibly lead and tin. The higher

Table 5 Correlation of Biomarkers (from blood and urine) with the
modified PDD-BI autism composite, ATEC, and SAS

PDDBI ATEC SAS
WB Cadmium  —0.38 (0.007)  —0.29 (0.04) ~0.25 (n.s.)
WB Mercury 0.28 (0.05) 0.36 (0.008) 0.34 (0.01)
RBC Mercury 0.26 (n.s.) 0.38 (0.005) 0.31 (0.03)

Only biomarkers with values of R=0.34 or greater are listed,
corresponding to a p value of 0.01 or lower. Note that since many
correlations were investigated, these results are not highly significant
and are at most possibly significant

amount of lead in urine correlated with higher amounts in
the RBC and WB; however, this correlation did not hold for
arsenic or cadmium, and could not be determined for thal-
lium, tin, or tungsten. Higher amounts of toxic metals in the
blood and urine are suggestive of higher body burden, so the
results of this study suggest that a subset of children with
autism have higher body burdens of lead, thallium, and
tungsten.

The reason for the higher body burden of toxic metals
may relate to increased exposure to toxic metals, increased
absorption due to intestinal permeability [39] and/or de-
creased ability to excrete toxic metals (due to low glutathi-
one and abnormal gut bacteria due to increased oral
antibiotic use). There are likely also genetic factors which
result in increased vulnerability to mercury [32].

The higher levels of toxic metals in the autism group are
consistent with measurements of decreased plasma reduced
glutathione (—21 %, p<0.0001) in this same group [4] and in
other studies [1-3]. Glutathione binds to toxic metals (espe-
cially lead, mercury, and cadmium) and is excreted with
them in the bile, so decreased amounts of glutathione would
tend to result in a higher body burden of toxic metals, as
found here.

The higher level of toxic metals may be partially due to
higher levels of oral antibiotic use in children with autism.
Antibiotic use results in a near-total loss of the ability to
excrete mercury [9, 10]. The reason appears to be that
normal gut anaerobes are able to convert methylmercury
(which is rapidly absorbed) into inorganic mercury (which
is poorly absorbed and hence mostly excreted). In contrast,
most strains of yeast and Escherichia coli carry out the
reverse reaction, namely the methylation of inorganic mer-
cury to methylmercury [40]. Thus, high oral antibiotic use
would result in a loss of normal gut flora and an increase in
yeast and E. coli, resulting in a loss of ability to demethylate
methylmercury and enhanced methylation of inorganic mer-
cury, resulting in decreased fecal excretion and increased
uptake of mercury. The effects of oral antibiotics on gut
flora may be long-lasting unless treated.

The higher level of toxic metals in the autism group is
also consistent with the higher level of oxidative stress in
this same group [4], including higher levels of the ratio of
oxidized glutathione (GSSG) to reduced glutathione (GSH,;
+49 %, p<0.0001) and higher levels of plasma nitro-
tyrosine (+125 %, p<0.0001). Higher levels of toxic metals
would tend to increase oxidative stress and deplete
glutathione.

The slightly lower (marginally significant) level of cad-
mium in WB was inconsistent with slightly higher (not
significant) levels in the urine. Since both are reasonable
measures of body burden, this suggests that overall cadmi-
um body burden might not be very different in children with
autism compared to typical children.
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Table 6 Regression analysis for

autism severity vs. toxic metals Toxic metals (blood and urine) PDD-BI ATEC SAS
in blood and urine
Adjusted R 0.46 0.38 0.47
p value 0.0003 0.0001 0.0002
Primary variables Cadmium (WB)*** Mercury (RBC)*** Mercury (WB)***
Lead (U)** Cadmium (WB)** Cadmium (WB)**

£p<0.05; **p<0.01;
##5p<0.001

Beryllium (U)*
Arsenic (WB)*
Mercury (RBC)*

Tin (U)**
Uranium (U)**
Silver (WB)*

The median levels of urinary toxic metals reported in this
paper are similar to those reported at baseline (unprovoked)
in another study of children with autism [33], despite some
differences in age (5-16 years in the present study vs. 3—
8 years in the other study [33]; Fig 2). Levels of the metals
which were found to be elevated in this study (lead, tin,
thallium, and tungsten) were at similar levels (tin, thallium,
tungsten) or higher levels (lead) in that study. Overall, the
reasonable agreement of the present results with those of the
previous study lends confidence to the present results.

A similar study of children with autism in Turkey [21]
found somewhat different results, namely significantly low-
er levels of urinary excretion of lead and cadmium in chil-
dren with autism vs. neurotypical children. However, the
age and gender of the controls were unspecified and may not
have matched those of the autism group, which may have
affected the results. The differences with this study may be
due to differences in geographic exposure to toxic metals
(Turkey vs. Arizona). The lower level of urinary cadmium
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Fig. 2 Comparison of the median levels of urinary excretion of toxic
metals in children with autism in this study compared to baseline urines
(unprovoked) in children with autism in a previous study [33, 34].
Levels are normalized to the average level of the controls (value of
one). The bars indicate the 25th and 75th percentiles for each
measurement
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in the Turkish study is intriguing since the present study
found lower levels of cadmium in whole blood (but no
difference in levels in urine).

Correlation Analysis

High amounts of mercury (both WB and RBC) correlated
with more severe autism (see Table 5), which is consistent
with the known neurotoxicity of mercury. However, since
most of the measurements were below our detection limit,
this finding should be interpreted with caution.

The modest inverse correlation of WB cadmium with
autism severity is surprising, as a direct (positive) correla-
tion would be expected. It is possible that this is just a
statistical artifact, since many correlations were investigat-
ed, but it is worth further investigation.

Regression Analysis

The regression analysis found very significant associations
with the variation in autism severity, especially for the PDD-
BI, followed by the SAS and then the ATEC. Mercury (WB
and RBC) followed by cadmium (WB) were the most con-
sistently significant variables, although other biomarkers
were also significant. Since the levels of toxic metals are
often strongly correlated [33], it is important not to over-
interpret the results as being specific to a particular toxic
metal. Also, different geographic regions will have different
levels of toxic metals, so different toxic metals may be more
or less important in different parts of the country.

The finding of a strong association of the level of toxic
metals with variation in autism severity is generally consis-
tent with another study by our group [33]. That study
involved measuring level of toxic metals in urine both
before and after administration of dimercaptosuccinic acid
(DMSA), an FDA-approved medication for treating lead
toxicity. Together, these studies provide compelling evi-
dence that the levels of toxic metals are strongly associated
with variations in autism severity.

These significant associations may offer clues to the
etiology of autism. For example, there has been extensive
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speculation that toxic metals may contribute to the severity
of autism, in part because of low glutathione [1—4] which is
needed to remove some toxic metals. We hypothesize that
reducing early exposure to toxic metals may help prevent or
ameliorate autism, and treatment to remove toxic metals
may reduce symptoms of autism; this hypothesis needs
further exploration, as there is a growing body of research
to support it.

Limitations of This Study

1. The diagnosis of an autism spectrum disorder by a
qualified medical professional was verified in writ-
ing, but there no additional verification. Similarly,
for the neurotypical children, no additional verifica-
tion was made beyond the parental report.

2. The sample size of 55 children with ASD and 44
neurotypical children was large enough to observe
many significant differences between the two
groups, but some differences were only marginally
or possibly significant—another study, preferably
with larger number of participants—is needed to
verify some of the observations.

3. Some of the measurements of toxic metals were at
levels near or below the detection limit. This was
especially true of mercury, and measurements
should be repeated with more sensitive methods.

4. Medication effects: 45 % of the children with autism
was taking one or more medications (see Table 1),
and it is possible that some of those medications
might affect detoxification ability.

5. All the study participants were from Arizona, so the
results for this region may be somewhat different
from other parts of the USA or the world due to
different environmental exposures.

Conclusions

This study found that children with autism, on average, had
higher levels of lead in RBC (+41 %, p=0.002), and higher
urinary levels of lead (+74 %, p=0.02), thallium (+77 %, p=
0.0001), tin (+115 %, p=0.01), and tungsten (+44 %, p=
0.00005). The reason for the higher body burden of toxic
metals may relate to increased exposure to toxic metals, in-
creased absorption due to intestinal permeability, and/or de-
creased ability to excrete toxic metals (due to low glutathione
and abnormal gut bacteria due to increased oral antibiotic use).

Regression analysis revealed that some toxic metals are
strongly associated with variations in the severity of autism
for each of the three autism severity scales investigated.
Since toxic metals can significantly impair neurological
development and function, it seems likely that the higher

levels of toxic metals in the autism group may account for
some of their symptoms.

We hypothesize that reducing early exposure to toxic
metals may help to prevent or ameliorate autism, and treat-
ment to remove toxic metals may help reduce some of the
symptoms of autism, although much more research is need-
ed to investigate these hypotheses.
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