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Abstract The aim of the present study was to determine the
levels of metals in blood (zinc (Zn), copper (Cu), aluminium
(Al), lead (Pb) and mercury (Hg)), as well as the specific
porphyrin levels in the urine of patients with autism spectrum
disorder (ASD) compared with patients with other neurolog-
ical disorders. The study was performed in a group of children
with ASD (N=52, average age=6.2 years) and a control group
of children with other neurological disorders (N=22, average
age=6.6 years), matched in terms of intellectual abilities
(Mann-Whitney U=565.0, p=0.595). Measurement of metals
in blood was performed by atomic absorption spectrometry,
while the HPLC method via a fluorescence detector was used
to test urinary porphyrin levels. Results were compared across
groups using a multivariate analysis of covariance
(MANCOVA). In addition, a generalized linear model was
used to establish the impact of group membership on the
blood Cu/Zn ratio. In terms of blood levels of metals, no
significant difference between the groups was found.
However, compared to the control group, ASD group had
significantly elevated blood Cu/Zn ratio (Wald χ2=6.6, df=
1, p=0.010). Additionally, no significant difference between
the groups was found in terms of uroporphyrin I,

heptacarboxyporphyrin I, hexacarboxyporphyrin and
pentacarboxyporphyrin I. However, the levels of
coproporphyrin I and coproporphyrin III were lower in the
ASD group compared to the controls. Due to observed higher
Cu/Zn ratio, it is suggested to test blood levels of Zn and Cu in
all autistic children and give them a Zn supplement if needed.
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Introduction

Autism spectrum disorder (ASD) is a developmental disorder
that affects essential human behaviours such as social interac-
tion, the ability to communicate ideas and feelings, imagina-
tion and the establishment of relationships with others. The
previous version of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV-TR) listed three distinct sub-
groups for ASD: autistic disorder (AD), Asperger syndrome
and pervasive development disorder-not otherwise specified
(PDD-NOS) [1]. In 2013, a new edition of this manual was
published (DSM-5), which eliminated these subgroups and
replaced them with one broad diagnosis of ASD [2]. Autistic
individuals are now placed on a continuum depending on the
severity of their symptoms. The diagnosis is made on the basis
of characteristic clinical signs because there are no known
biological markers so far. ASD is a developmental disorder
with a complex and heterogeneous aetiology, including both
genetic and environmental factors.

Autism was once considered as a rare disorder; however,
the reported incidence and prevalence have drastically in-
creased during the last decades. Today, at least 1 in 88 children
in the USA is diagnosed with ASD [3]. It is not known to what
extent the exceptional growth in the prevalence of all forms of
ASD combined is real or not, but there can be no doubt that
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the registration for the sum of all kinds of ASD must have
been affected by a change in the concept in terms of dimen-
sional perspective, by substitution and “addition” of diagno-
ses, as well as greater awareness, new therapeutic options and
specific approaches to the education of these children [4–7].

The aetiopathogenesis remains unexplained in the majority
of cases. It still holds true that genetic influences are the most
important in ASD, although in recent studies, researchers have
found less concordance for monozygotic (0.58) and dizygotic
(0.21) twins in comparison with older studies, which indirect-
ly points to the greater importance of environmental factors
[8]. With new strategies in the field of genetic research (anal-
ysis of genetic linkage and association studies), more and
more genes are being discovered that are associated with an
increased risk of autism, but despite this, in the majority of
autism in clinical practice, no genetic disorder is detected that
would clarify the specific clinical picture [9, 10]. The newer
genomic screening methods, especially array comparative
genomic hybridization, contribute to a more precise clinical
genetic diagnostic work-up compared to classical
karyotyping. Rare de novo or congenital structural variation
in the genome, especially copy-number variations (CNVs),
should be found in 5–10 % of children with “idiopathic”
autism; however, in a study, which comprised mostly children
with ASD and associated mental retardation, this was even
higher, at 16.6 % [11].

In the last 10 years, there has been a marked increase in
studies on possible environmental risk factors. One of the
largest American population studies—CHARGE (an epide-
miologic investigation of genetic and environmental factors
contributing to autism)—dating from 2006, which links envi-
ronmental and genetic factors, was however focused on envi-
ronmental factors that could influence the development of
ASD during pregnancy and in the first year of life [12].
Other newer larger population studies are the Study to
Explore Early Development (SEED) and especially the
Autism Birth Cohort (ABC), which in addition to the interac-
tion between genetic and environmental factors also include a
time dimension [13, 14].

Among prenatal infections, rubella holds first place as a
risk factor. Excessive alcohol consumption, consumption of
certain medicines—valproate, thalidomide and misoprostol—
older parental age and maternal metabolic disturbances during
pregnancy increase the risk of developing ASD [15–17].
Concerning harmful factors during pregnancy that have been
shown to be associated with enhanced risk of autism in the
offspring, some of them are extremely well-documented mu-
tagens. This is the case for folate deficiency [18–22] and
alcohol [23–26]. Several pesticides are well-documented
chemical mutagens. They act by different mechanisms, but
some of them are aryl hydrocarbon (Ah) receptor agonists,
like the dioxins [27–29], PCBs [29–31] and brominated flame
retardants [32].

Within the scope of the CHARGE study, in addition to the
previouslymentioned factors, they also identified air pollution,
febrile illnesses during pregnancy and exposure to pesticides
as possible risk factors, while the consumption of folic acid at
the beginning and in the first trimester of pregnancy decreased
the risk of developing ASD [33–37]. The amount of informa-
tion concerning immune factors associated with ASD is also
on the increase [38–40]. It is still very uncertain, if immune
disturbances cause ASD or opposite or if the epidemiological
association due to something else is a common aetiological
factor (or factors) both in immune disturbances and ASD.

Many studies have studied the possible influence of metals,
especially mercury (Hg), zinc (Zn), copper (Cu), aluminium
(Al) and lead (Pb) on the development of ASD [41–46].
Mercury is among the most toxic heavy metals for the devel-
oping brain. It can cause a number of neurological abnormal-
ities, including an autism-like behavioural picture [47]. A
small portion of the population may be particularly sensitive
to Hg [48, 49].

Porphyrins, especially specific porphyrins in the urine, can
be an indicator of heavy metal poisoning [50, 51]. In autistic
children, certain derivatives—coproporphyrin and
precoproporphyrin—have been found in a significantly in-
creased amount than in the control groups of children with
non-neurological diseases and healthy children [52]. The re-
maining porphyrins—uroporphyrin, heptacarboxyporphyrin
and pentacarboxyporphyrin—show a less consistent pattern
of association with ASD [53].

However, porphyria is very commonly a consequence of
enhanced oxidative stress in important heme-synthesizing
cells and organs [54–56]. Since it is common that ASD
patients have other abnormalities telling about enhanced oxi-
dative stress or impaired antioxidant defence [57], it must be a
reasonable working hypothesis that porphyria in ASD patients
may most commonly be a result of oxidative stress caused by
the disease itself rather than being a symptom of poisoning by
some toxic metal.

Excessive excretion of porphyrins in the urine is the result of
the blockade of key enzymes in porphyrin metabolism, e.g.
uroporphyrinogen decarboxylase and coproporphyrinogen oxi-
dase [58–60]. In the case of the inhibition of these two enzymes,
the concentration of coproporphyrin and pentacarboxyporphyrin
increases in the urine. Precoproporphyrin is produced from
pentacarboxyporphyrinogen under the influence of heavy
metals, especially Hg. Those children with ASD who have the
so-called pica (eating inedible substances) are also at risk of Pb
poisoning [61].

Among the trace elements, which are vital for the function-
ing of living organisms, Zn has a special place. It is important
for the activity of at least 300 enzymes [62]. Zinc and Cu are
both needed as cofactors in two of the important antioxidant
enzymes, viz the intracellular cytosolic and extracellular iso-
zymes of Cu/Zn-dependent superoxide dismutase [63, 64].
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These trace elements have an antagonistic relationship to one
another in their metabolism, though not in their actual bio-
chemical functions as enzyme cofactors. There are at least two
different mechanisms explaining this. Zinc and Cu have a
competition for at least one of the systems for active mem-
brane transport, which is important for their absorption from
the intestinal lumen into enterocytes [65]. Both Zn and Cu
bind to metallothionein at the same time as they serve as
positive regulators of the expression of apometallothionein
[66]. Disruption of the balance between Zn and Cu, chiefly in
the direction of reduced Zn and/or elevated Cu (Cu/Zn), can
lead to many health problems [66, 67]. The main source for Zn
in the body is almost always the extracellular fluid except for
actively phagocytosing cells, whichmay also get some Zn from
“food particles” that they have ingested. For most cells in the
body, almost all Zn they need has been transported through the
blood plasma. Metallothionein (MT) is important as an intra-
cellular storage form not only for Zn but also for Cu [68, 69].
Zinc is one of the positive regulators of apometallothionein
expression, and more apometallothionein expression means
more binding capacity for binding of toxic metals by
apometallothionein, i.e. binding to MT, and Zn is involved in
the detoxification of heavy metals [70]. Metallothionein con-
tains much cysteine, and cysteine is quite essential to under-
standing MT function besides being needed as a precursor to
makeMT. The clinical chemical observation in ASD patients is
to postulate that the elevated Cu/Zn concentration ratio in blood
plasma might be mainly due to the same mechanisms as during
the acute phase response in patients with infectious diseases.
The most important Cu protein in blood plasma is ceruloplas-
min [71, 72], which is one of the important acute phase proteins
[73]. Researchers report on the significantly reduced levels of
serum Zn and/or the elevated Cu/Zn ratio in people with ASD
[45, 46, 74]. Disturbances in Zn and Cu metabolism are almost
universal in infectious diseases [75] and several non-infectious
chronic inflammatory diseases [76, 77], in addition to being
common in patients with ASD [44].

With the purpose of contributing to a better understanding
of the possible influence of metals (Pb, Hg, Al, Cu and Zn),
the present study was carried out on a group of children with
ASD and a control group of children with other neurological
disorders to determine the level of previouslymentionedmetal
in blood, as well as specific porphyrins in urine. This study
represents the first research on the biochemical indicators in
children with ASD in Slovenia.

Methods

Participants

Randomly included in the present study were children who
were treated in the Clinical Department for Child, Adolescent

and Developmental Neurology, Children’s Hospital,
Ljubljana. Prior to inclusion, the parents and children were
acquainted with the purpose of the research and asked to give
written consent. A group of children with autism spectrum
disorders (ASD) (N=52) on the basis of the diagnostic criteria
of DSM-IV-TR [1] and results on the Childhood Autism
Rating Scale (CARS) and a control group of children with
other neurological disorders and diseases (N=22) were includ-
ed in the present study.

Psychological Assessment

Cognitive abilities were, depending on the age of the partici-
pants, assessed using the Bayley Scales of Infant
Development (BSID-II)—Mental Scale, Wechsler
Intelligence Scale for Children (WISC-III) and Raven’s
Colour Progressive Matrices (CPM). In order to compare the
results of the CPM test with the results of the BSID-II and
WISC-III tests, in the present study, the results of the CPM test
expressed in percentile ranks and set in a standard value on the
normally distributed scale with an average of 100 and a
standard deviation of 15 were normalized. The results thus
obtained were then combined with the normally distributed
results on the scale of general cognitive abilities of WISC-III
and the Mental Scales test of BSID-II and divided into five
categories (<50, 51–60, 61–70, 71–80 and >81). Although the
results of the three instruments used do not measure exactly
identical cognitive abilities, their convergent validity is con-
siderable, especially in children older than 2 years [78].
Studies have shown that the predictive validity of the Mental
Scale of BSID-II for achievements on the tests of general
cognitive abilities such as WISC-III in childhood is high (r=
0.73–0.79) [79] and there is likewise a moderate to high
correlation of the results on the CPM and WISC-III tests
(average r=0.67) [80].

Analysis of Metals

Analysis of metals in the blood was carried out at the Clinical
Institute for Clinical Chemistry and Biochemistry, University
Clinical Centre in Ljubljana, using the following methods: (1)
analysis of Zn and Cu by flame atomic absorption spectrom-
etry, (2) analysis of Al and Pb by the electrothermal atomic
absorption spectrometry method and (3) analysis of Hg by the
cold vapour atomic absorption spectrometry method.

Measurements of Hg were carried out on the Varian
SpectrAA-250 plus atomic absorption spectrometer (Varian
Australia Pty Ltd Mulgrave, Victoria, Australia) with the
additional VGA 77 unit for analysis with cold vapours after
acid degradation in the microwave oven (MARSXpress,
CEM, USA). Measurements were satisfactory if the absor-
bance was greater than 0.010 and relative standard deviation
less than 5 %.
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Aluminium in the serum and Pb in the blood were deter-
mined using the electrothermal atomic absorption spectrome-
try method according to established routine procedures at the
Clinical Institute for Clinical Chemistry and Biochemistry. For
this method of Al determination, the limit of detection was
1.64 μg/L, and the inaccuracy in the series at a concentration
of 63.4μg/Lwas 3.67%. For this method of Pb determination,
the limit of detection was 0.015 μg/L, and the inaccuracy in
the series at a concentration of 384 μg/L was 4 %.

Copper and Zn in the serum were determined using the
flame atomic absorption spectrometry method according to
established routine procedures at the Clinical Institute for
Clinical Chemistry and Biochemistry. For this method of Cu
determination, the limit of detection was 1.2 μmol/L, and the
inaccuracy in the series at a concentration of 17.2 μmol/L was
2.4 %. For this method of Zn determination, the limit of
detection was 1.6 μmol/L, and the inaccuracy in the series at
a concentration of 12.96 μmol/L was 3.7 %.

Analysis of Porphyrins

Analysis of specific porphyrins in the urine was performed by
the KOBIS Company. The urine sample was immediately
wrapped in Al foil and frozen until analysis at −30 °C.
Analysis was carried out using the HPLC technique with a
fluorescence detector. The procedure was carried out using the
RECIPE reagent kit of the ClinRep Company as follows:
After centrifuging (3,000g, 5 min), 1 mL of supernatant was
acidified with HCl, the centrifuge was repeated and 50-μL
solution was applied on a reverse phase column (C18, 5 μm).
The porphyrin fractions were eluted with the mobile phase
with a gradient; the porphyrin fractions in the eluate were
detected by a fluorescence detector.

The analysis of specific porphyrins was carried out sepa-
rately for the two groups of fractions: (a) uroporphyrin I,
heptacarboxyporphyrin I, hexacarboxyporphyrin I and
pentacarboxyporphyrin I; and (b) coproporphyrin I and
coproporphyrin III. They were divided into two groups on
the evidence of previous research, where it was shown that
coproporphyrin I and III are, compared to the other porphyrin
fract ions (uroporphyrin, heptacarboxyporphyrin,
hexacarboxyporphyrin), most reliably associated with Hg poi-
soning in humans and animals [53].

Statistical Analysis

The two groups were compared according to average age by a t
test and according to gender and co-morbidity using appropriate
non-parametric tests (χ2 test, Fisher’s exact test, Mann-Whitney
U test). For statistical assessment of the differences between the
two groups according to levels of metals in the blood and
porphyrins in the urine, a multivariate analysis of covariance
(MANCOVA) was carried out in advance, followed by

calculation of the five generalized linear models using the
SPSS 19.0 software package (IBM SPSS Statistics, 2010).
Spearman’s non-parametric correlation coefficient was used for
assessment of the correlation between biochemical parameters
and the level of general cognitive abilities. The level of accept-
able α error for all performed statistical analyses was 0.05.

Results

Participant Characteristics

The two groups of children were comparable with regard to
age and most of the key variables, although they differed
according to gender, since there were more females in the
control group (Table 1). The children’s age range was 1–
16 years. The diagnoses in the control group of children are
shown in Table 2.

Cognitive abilities were assessed by the Bayley Scales of
Infant Development (BSID-II)—Mental Scale in 29 children
with ASD (54.7 %) and in 13 children in the control group
(54.7 %), the Wechsler Intelligence Scale for Children
(WISC-III) in 19 children with ASD (35.8 %) and 10 children
in the control group (43.5 %) and Raven’s Colour Progressive
Matrices (CPM) in 5 children with ASD (9.5 %). The level of
general cognitive abilities was comparable in both groups
(Mann-Whitney U=565.0, p=0.595), as seen in Table 3.

Metals in the Blood

The average values of metals in blood of children in the ASD
group and the control group are shown in Table 4.

Table 1 Patients’ characteristics

ASD Control Group p value

N 52 22

Age (M±SD) 6.2±3.0 6.6±3.7 0.620

Sex (% of boys) 88.7 52.2 0.002

ASD autism spectrum disorder

Table 2 Primary diagnosis of children in the control group

Diagnosis Number Percentage

Developmental delay/intellectual disability 12 56.5

Epilepsy 2 8.7

Attention deficit hyperactive disorder 2 8.7

Tourette syndrome 1 4.3

Othersa 5 21.7

a One patient with discrete hemisyndrome, stereotypic movement disor-
der, tuberous sclerosis and late sequelae of bacterial meningitis
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MANCOVA did not confirm that membership of a group
(Wilks’ Λ=0.914, df1=5, df2=40, p=0.591, η

2=0.086), gen-
der (Wilks’ Λ=., df1=5, df2=40, p=0.546, η

2=0.093) or age
(Wilks’ Λ=., df1=5, df2=40, p=0.296, η

2=0.137) correlated
with blood levels of metals. Due to the absence of statistically
important effects, additional analyses by generalized linear
models were not performed.

Using generalized linear models, the differences between
the two groups with regard to the ratio between Cu and Zn
were analysed. Calculation of regression coefficients (b)
(Table 5) showed that the older children, regardless of group,
had reduced ratios between Cu and Zn and that children with
ASD had significantly elevated ratios between Cu and Zn
compared to children from the control group (95 % confi-
dence interval for children with ASD=1.86–2.26; 95 % con-
fidence interval for the control group=1.51–1.88).

Post hoc analysis of the level of Cu (MASD=20.6 μmol/L,
SDASD=3.3 μmol/L, Mcontrol=19.9 μmol/L, SDcontrol=
4.1 μmol/L) and Zn (MASD=10.7 μmol/L, SDASD=
1.8 μmol/L, Mcontrol=12.1 μmol/L, SDcontrol=1.5 μmol/L)
showed that there was a difference between the two groups
in the ratio between Cu and Zn, which was a consequence of
the differences in Zn levels between the groups (Mann-

Whitney U=267.5, p=0.007), but not Cu (Mann-Whitney
U=398.5, p=0.327). In the group of children with ASD, the
elevated ratio between Cu and Zn was also associated with
lower general cognitive abilities (Spearman ρ=−0.373, df=47
p=0.010), whereas this was not found in the control group
(Spearman ρ=−0.022, df=20, p=0.482).

Porphyrins in the Urine

Analysis of porphyrins in the urine was performed in 18
children with ASD and 19 children in the control group.
Statistical analysis of the first set of porphyrin fractions
( u r o p o r p h y r i n I , h e p t a c a r b o x y p o r p h y r i n I ,
hexacarboxyporphyrin I and pentacarboxyporphyrin I) did
not show any statistically significant difference according to
group (Wilks’ Λ=0.734, df1=4, df2=14, p=0.328, η2=
0.266), gender (Wilks’ Λ=0.740, df1=4, df2=14, p=0.343,
η2=0.260) or age (Wilks’ Λ=0.914, df1=4, df2=14, p=0.942,
η2=0.050). Multivariate analysis of covariance showed a
trend towards statistical correlation between the presence of
ASD and the concentration of coproporphyrin I and III
(Wilks’ Λ=0.833, df1=2, df2=19, p=0.176, η2=0.167).
Additional analyses performed using generalized linear
models showed a marginally lower concentration of
coproporphyrin III (Wald χ2=3.71, df=1, p=0.054) in the
group of children with ASD; the concentration of
coproporphyrin I (Wald χ2=2.81, df=1, p=0.094) however
did not differ between the two groups, as shown in Fig. 1.

Discussion

In the present study, no statistically significant differences in
the serum levels of individual metals were found between the
group of children with ASD and children with other neuro-
logical disorders. However, there was a significantly elevated
Cu/Zn ratio, mainly as a result of differences in the level of Zn.
An elevated Cu/Zn ratio has also been found in other studies
of people with ASD [44–46, 74]. But according to the

Table 3 General cognitive abilities of children in the ASD and control
group

DQ/IQ level ASD group Control Group

<50 49.1 % 30.4 %

51–60 11.3 % 26.1 %

61–70 3.8 % 13.0 %

71–80 7.5 % 13.0 %

>81 28.3 % 17.4 %

RQ/DQ level—distribution of developmental quotients (RQ) as assessed
by the Bayley Scales of Infant Development (BSID-II) and intelligence
quotients (IQ) as assessed by the Wechsler Intelligence Scales for Chil-
dren (WISC-III) and Raven’s Colour Matrices (CPM) (see “Participants”
and “Methods”)

ASD autism spectrum disorder

Table 4 Average values of metals in the blood of children in the ASD and control group

ASD group Control group

Number Mean SD Median IR Number Mean SD Median IR

Copper (μmol/L) 47 20.57 3.29 20.50 4.10 20 19.87 4.12 19.30 5.93

Aluminium (μg/L) 48 7.05 6.27 4.00 5.00 19 8.06 9.86 4.60 5.80

Zinc (μmol/L) 49 10.74 1.81 10.90 1.85 19 12.10 1.52 12.10 2.70

Lead (μg/L) 49 30.80 34.33 22.00 21.50 20 18.60 7.24 17.00 4.00

Copper/ Zinc 46 2.02 0.68 1.89 0.57 19 1.69 0.40 1.67 0.61

Mercury (mg/L) 42 1.90 0.97 1.76 1.00 14 1.55 0.56 1.36 1.05

IR interquartile range
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literature, this change is not specific for ASD. It is mentioned
in connection with a variety of health problems, in the field of
developmental and behavioural disorders most frequently
with attention deficit hyperactivity disorder (ADHD) [66,
67, 81]. In the present study, there were only two children
with ADHD in the control group, so that comparison was not
possible. It would therefore be reasonable to upgrade the study
to include more participants with ADHD.

The reasons for the disturbed Cu/Zn ratio can be found at
different levels of the metabolism of the two trace elements,
with the result that, among other things, can lead to reduced
activity of the detoxification mechanism of metallothionein
and/or Cu/Zn SOD1, resulting in excessive oxidative stress

and damage to brain cells [70, 82]. On the other hand, the
reduced level of Zn can be the consequence of increased
oxidative stress, which increases the activity of the metallo-
thionein system and the binding of Zn and Cu to it, resulting in
reduced availability of these two elements for activity in other
enzyme pathways [44]. Regardless of the mechanism of its
origin, considering the results of the present study, it would be
reasonable to add Zn to the food in all those children with
ASDwho have reduced levels of Zn or elevated Cu/Zn ratio in
the blood. The normal ratio between these two elements is
approximately 1:1, and the lower limit of normal is 1.4 [44,
45]. Russo and deVito cite the positive effect of treatment with
Zn in certain children with ASD [74].

In the present study, the group of children with ASD and
the control group did not differ according to the serum
levels of Hg. Also in the context of the CHARGE study,
where analysis of the blood level of Hg was carried out in
452 children (249 with autism, 143 with developmental
delay and 60 healthy), taking into account the nutritional,
medical, pharmaceutical and dental sources of Hg, there
were no significant differences between the groups. In
terms of the CHARGE, the main factor influencing the
Hg level was the quantity of fish consumed, which was
less in the group of children with ASD, so that the blood
level of Hg was also lowest in this group [83]. In addition
to the fish consumption, the release of Hg from dental
amalgam fillings and vapour makes the predominant con-
tribution to human exposure to Hg [84]. No exposure to Hg
vapour can be considered totally harmless since Hg vapour
has no toxic threshold [85].

Table 5 Results of the general linear model for the prediction of the zinc
to copper ratio in relation to the presence of ASD, gender and age

Parameter b SE Wald χ2 df p value

Intercept 0.749 0.084 79.6 1 0.001

ASD group 0.197 0.077 6.6 1 0.010

Control group (reference group) – – – – –

Male sex −0.075 0.085 0.7 1 0.381

Female sex (reference group) – – – – –

Age −0.029 0.010 8.2 1 0.004

The table lists the regression coefficients (b), standard errors (SE) and the
Wald χ2 test with appropriate degrees of freedom (df) and statistical
significance (p). The regression coefficients given show the relationship
between zinc and copper and the independent variables (i.e. ssage=
−0.029; for every year of age, the relationship between zinc and copper
is 0.029 lower)

Fig. 1 Concentrations of
coproporphyrin I and III (μg/L) in
urine of children in the ASD
group (N=18) compared to the
control group (N=19)
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The amounts of Hg in blood can be low relatively short
time after the exposure has ceased, even though the amounts
of Hg in critical organs (brain and kidneys) are high. Blood Hg
shows only exposure in recent weeks, while urinary Hg shows
exposure the last fewmonths [48], so the serum analysis of Hg
cannot confirm or deny in full the potential harmful effect of
Hg in children with neurodevelopmental disorders, including
children with ASD.

Because specific porphyrins, especially coproporphyrin
and precoproporphyrin, in urine, can be a more subtle indica-
tor of heavy metal poisoning [50–52], the level of these
compounds was also determined in our study. As found, the
coproporphyrin III in the urine was in fact marginally lower in
the group of children with ASD. Because researchers who
demonstrate the link between the development of ASD and
the increased concentration of the porphyrin fraction in the
urine as a marker of the poisoning of the organism with heavy
metals, especially Hg, in their studies do not generally control
the results with participants with other neurodevelopmental/
neurological disorders [51, 52], as was done in the present
study, it can be that those results are not so specific for
children with ASD, as have been thought, but rather represent
some common aetiopathological mechanisms across different
neurodevelopmental disorders.

Also, the fact that the level of porphyrins in urine can
be influenced by factors other than toxic heavy metals
should be considered in the interpretation of the results.
Among others, the disturbance of porphyrins metabolism
may be due to haemochromatosis [55, 86], hepatitis C
[55], HIV disease [55] and poisoning by various organic
molecules, including ethanol [54, 55, 87] and hexachlo-
robenzene [54, 88].

So, regarding environmental factors, including Hg, that
possibly influenced the development of ASD, the very com-
plex nature of this relationship should be taken into account.
Studies have been carried out on additional factors that could,
together with low dose exposure to Hg, constitute a potentially
harmful effect on the developing brain, e.g. certain immune
deficiencies, unsuitable and poor quality food, particularly a
deficiency of long-chain unsaturated fatty acids, the amino
acid methionine and the trace elements Zn and Se, in conjunc-
tion with the expression of certain genes and the reduced
ability of the organism to effectively excrete these heavy
metals [82, 89–91]. In their study, Thompson and
Boekelheide cite older age, consumption of fish and increased
alcohol consumption as those factors that increase the burden
on the organism in women of childbearing age of some
environmental toxins, including Hg [92]. Since the majority
of studies still focus on the potentially damaging effect of
individual environmental toxins on health, some researchers
emphasize the need for new methodological approaches,
which would take into account the cumulative risk of several
environmental toxins [93].

Conclusions

In the present study, the possible influence of metals was
studied, which has been for many years the subject of con-
flicting explanations of the possible causes of ASD. Among
the results, the significantly elevated Cu/Zn ratio in children
with ASD compared to the control group of children with
other neurological disorders stood out. According to the liter-
ature, such a result is not specific only for people with ASD as
it is most frequently mentioned in association with ADHD.
Irrespective of the cause, the result of the present study sup-
ports the need for measuring Zn and Cu in the blood of all
children with ASD and the recommendation for the addition
of Zn to food in the case of its insufficiency.
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