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Abstract

Autism spectrum disorder (ASD) and attention-deficit hyperactivity disorder (ADHD) are two developmental disorders that
affect children worldwide, and are linked to both genetic and environmental factors. This study aims to investigate the levels of
lead, manganese, and zinc in each of ASD, ADHD, and ASD with comorbid ADHD in Syrian children born or grown during the
Syrian crisis. Lead and manganese were measured in the whole blood, and zinc was measured in the serum in 31 children with
ASD, 29 children with ADHD, and 11 children with ASD with comorbid ADHD (ASD-C) compared with 30 healthy children,
their ages ranged between 3 and 12 years. Blood lead levels were higher in the groups of ASD-C (245.42%), ASD (47.57%), and
ADHD (14.19%) compared with control. Lead levels were significantly higher in children with ASD in the age of 5 or less
compared with control, and they were also higher in the male ASD compared with females (P = 0.001). Blood manganese levels
were lower in the groups of ASD-C (10.35%), ADHD (9.95%, P=0.026), and ASD (9.64%, P =0.046). However, serum zinc
levels were within the reference range in all groups of study. Lead and manganese were positively correlated with each other (P =

0.01). Lead increase and manganese decrease may associate with the incidence of ASD, ADHD, or the co-occurrence of both of
them together. Further studies are needed to examine the relationship between metal levels and the co-occurrence of ASD and
ADHD together.
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Introduction

Autism spectrum disorder (ASD) is a developmental disorder
that causes social difficulties, non-verbal communication
challenges, and is characterized with patterns of restricted
and repetitive behaviors [1]. ASD is firstly diagnosed in the
childhood, and its signs are demonstrated obviously at the age
of 2-3 years [2]. Attention-deficit hyperactivity disorder
(ADHD) is one of the most common developmental disorders
that are generally first diagnosed at the age of school due to the
problems with the schoolwork. ADHD affects 8.4% of chil-
dren and 2.5% of adults worldwide [3]. ADHD comorbidity is
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common in ASD, and it has been documented to affect up to
30% of children with ASD [4]. In addition, Diagnostic and
Statistical Manual of Mental Disorders in its 5th Edition
(DSM-V) allows a comorbid diagnosis of ADHD with ASD
[5]. Although genetics play a major role in both ASD and
ADHD (6], the recent studies suggest that environmental fac-
tors may play an important role in combination with genetic
susceptibility in ASD and ADHD etiology [7, 8]. Moreover,
many studies revealed a dysregulation in toxic metals such as
lead and mercury, as well as essential metals in both ASD and
ADHD [9-16].

Lead is a toxic metal that can literally affect all organs even
in low levels [17], but its neurotoxicity has received a greater
attention in children, since it has many adverse neurological
and behavioral impacts on the developing brain [18, 19].
Children who live in old houses can be exposed to lead-
based paints by eating paint chips. Furthermore, children are
susceptible to lead during pregnancy, because it has the ability
to cross placenta [20].

Manganese is an essential metal that is important for mental
health, because it contributes to the brain protection against

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12011-020-02146-3&domain=pdf
https://orcid.org/0000-0002-7413-5595
https://orcid.org/0000-0002-9567-0036
https://orcid.org/0000-0001-5119-3269
mailto:israa.hawary@damascusuniversity.edu.sy

108

Hawari et al.

free radicals that can damage brain cells in the neurons due to
its antioxidant properties, particularly its role in superoxide
dismutase (SOD) [21].

Zinc is also an essential metal that it is involved in the
structure and function of the brain [22]. It regulates cellular
connections in hippocampus, and regulates the activity of the
pituitary axis [23]. Zinc also has antioxidant effects, and its
deficiency in the brain can cause widespread nerve damage by
increasing the formation of free radicals [24]. Poor zinc levels
in children have been associated with reduced learning ability,
apathy, lethargy, and mental retardation [25].

One study in China [9] found that children with ASD
had dramatically increased blood levels of lead (P<
0.01), and decreased blood levels of manganese (<
0.05). However, Rahbar [10] did not find any difference
in blood levels of manganese in his study. In Al-Ayadhi
study [11], lead levels were increased, while manganese
levels were decreased in hair samples of both of autistic
and attention-deficit disorder children, while there was
no difference in zinc levels.

Adams et al. [12] found in their study significant higher
levels of lead in red blood cells of children with ASD (P =
0.002). One study in Korea [13] found children with ADHD
had higher levels of lead in blood (P =0.003).

In Li et al. study [14] and Al-baz study [15], zinc levels
were decreased in serum of ASD and ADHD children, respec-
tively. However, in Yousef et al. study [16], zinc levels were
increased in blood samples of children with ADHD (P=
0.005).

In war zones in general, and in the Syrian crisis in particu-
lar, children exposure to lead has increased due to bomb ex-
plosions and bullets that polluted the environment. The crisis
also has a detrimental effect on children nutrition in several
areas, due to shortage in food, which leads to essential metal
deficiency.

The present research aims at investigating lead, zinc, and
manganese levels in children diagnosed with ASD, ADHD,
and ASD with comorbid ADHD, and to determine whether
these metals play a role in neurodevelopmental disorders dur-
ing the Syrian crisis.

Methods
Participants

This case-control study was conducted on 101 children: 71
patients, comprising 31 children with ASD, 29 children with
ADHD, in addition to 11 children with ASD of comorbid
ADHD (ASD-C) and of hyperactive subtype as well.
Control group comprised 30 healthy properly matched chil-
dren. Children were diagnosed based on DSM-5 criteria, and
they were assessed on Childhood Autism Rating Scale
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(CARS), a tool that aids in the diagnosis of ASD completed
by clinicians depending on parent report and direct observa-
tions, and ADHD rating scales, a diagnostic tool also based on
parent or teacher report.

The ages of the participating children ranged between
3 and 12 years, and males formed the largest part of the
participating children. Patients were recruited from
Children Hospital, and from associations concerned with
the rehabilitation of mentally challenged children. All
subjects compiled a questionnaire included age of diag-
nosis, maternal and paternal age at contraception, con-
sanguineous marriage, the presence of mother dental
amalgam fillings, and if the child took all vaccinations.
The protocol of the investigation was approved by the
Ethics Committee at Damascus University. Moreover,
informed consent was obtained from the parents of the
examined children before joining the study, and blood
sampling was performed in the presence of parents.

Collection of Blood Samples

Five milliliters of venous blood samples was collected from
the cubital vein, and were divided in two tubes: the first is a
heparinized blood collection tube, and the second is a vacuum
blood collection tube, where lead and manganese levels were
determined in whole blood, and zinc levels were measured in
the serum. All measurements were carried out in Al-Khateeb
Lab in Damascus, Syria.

Lead and Manganese Measurements

Blood samples were digested by microwave-assisted acid di-
gestion method using Microwave Digestion Speedwave Entry
(Berghof, Germany) based on the method of Gok et al. [26].
Three milliliters of freshly prepared mixture of concentrated
nitric acid and hydrogen peroxide [HNO3-H,O,] (2:1 v/v) was
added to 1 ml of whole blood. After that, it was digested in
microwave for 21 min, while the temperature was raised grad-
ually to 180 °C.

The measurements of lead and manganese were carried out
using a ZEEnit 700p atomic absorption spectrometer
(Analytik Jena AG, Germany), with the following conditions:
3.0 and 7.0 mA lamp current, 283.3 nm and 279.5 nm, 0.8 and
0.2 nm for lead and manganese, respectively, 20 pl sample
volume, and 200 ml/min gas flow.

Zinc Colorimetric Assay

Serum zinc level is one of the most commonly used indi-
ces for evaluating zinc deficiency, and it was implemented
in many studies previously. The measurements were car-
ried out using auto analyzer Olympus AU400 (Olympus,
Tokyo, Japan) provided with multi-wavelength diffraction
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grating spectrophotometer by colorimetric assay using 5-
Br-PAPS commercially available kit (Dialab, Australia) at
560 nm. This method depends on the ability of zinc to
form a chelate complex with 2-(5-bromo-2 pyridylazo)-
5-(N-propyl-N-sulfo-propylamino-phenol) (5-Br-PAPS),
while the absorption of this complex is proportional to
the total zinc concentration in the sample.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)
computer program Version 25 was used. The results
were expressed as the mean + SD. The logistic regres-
sion analysis was used to study the relationship between
metal levels and cases, where the metals were consid-
ered as independent variable, and the probability of the
case as one dependent binary variable. The change in
the odds ratio of each case was estimated to assess the
extent of the effects of the metals, and it was calculated
as [Exp(B)—1]x 100 per unit increase in blood concen-
trations, where negative values represent a decrease in
odds of the case while positive values represent an in-
crease. Kruskal-Wallis test was employed to compare
metal levels between the three cases and control, and
the test was used to analyze bivariate data. Spearman’s
rank correlation coefficient was obtained to assess the
correlation between measured metal levels. A par value
of 0.05 or lower was assumed significant.

Results

The Sociodemographic Data

Table 1 shows the sociodemographic data of the participants.
Metal Levels in the Study Groups

The levels of lead, manganese, and zinc are represented in
Table 2. Lead levels were elevated in the groups of ASD,
ADHD-H, and ASD-C compared with the controls with no
significance. The highest levels of lead were in ASD-C group
with increase of 245.42%. While concentrations of lead were
elevated in ASD and ADHD-H groups with increase of
47.57% and 14.19%, respectively, without significance. The
levels of manganese were significantly lower in each of ASD,
ADHD-H groups comparing with the control group (P =

0.026, P=0.03, respectively). In ASD-C group, the levels of
manganese were lower than control but not significantly dif-
ferent. The decrease was 9.64%, 9.95%, and 10.35% in ASD,
ADHD-H, and ASD-C, respectively. There was no difference
in zinc levels in any of the groups studied compared with the
control.

Comparison of Metal Levels Between Cases
and Control According to Age Groups

Further analyses of comparison were applied according to
different age groups (Table 3). Table 3 shows that lead levels

Table 1 The sociodemographic

data of the participants Variable Control ASD ADHD ASD-C
N % N % N % N %
Sex Male 20 66.7% 26  83.9% 22 759% 8 72.7%
Female 10 333% 5 16.1% 7 241% 3 27.3%
Age <5 8 26.7% 6 19.4% 4 138% 1 9.1%
6-12 22 733% 25 80.6% 25 862% 10  90.9%
Age at diagnosis <3 - 21 67.7% 13 448% 9 81.8%
>3 - 10 323% 16 552% 2 18.2%
Consanguineous marriage Yes 0 12 38.7% 8 27.6% 6 54.5%
No 30 100% 19  61.3% 21 724% 5 45.5%
Mother dental amalgam Yes 3 10% 12 38.7% 12 414% 1 9.1%
fillings No 27 90% 19  613% 17  586% 10  90.9%
Vaccination Yes 30 100%  31*  100% 29 100%  11*  100%
No 0 0 0 0 0 0 0 0
Maternal age at contraception <30 23 67.6% 19 61.29% 17 58.6% 6 54.4%
>30 7 233% 12 3871% 12 414% 5 45.5%
Paternal age at contraception <40 27 90% 23 74.2% 23 793% 6 54.5%
>40 3 10% 8 25.8% 6 20.7% 5 45.5%

* All patients had obligatory vaccination
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Table2  Analyzed metal levels (mean + SD) in ASD, ADHD-H, ASD- Table 4 Analyzed metal levels (mean + SD) in ASD, ADHD-H, ASD-
C, and control cases C, and control case according to the gender groups
Case group Pb (png/dl) Mn (ng/dl) Zn (pg/dl) Case group  Pb (ug/dl) Mn (ng/dl) Zn (pg/dl)
Control 2.84+£0.7 7.44 £ 1.42 79.97 + 13.72 Males Control 3.1 £0.65% 798 + 1.3%* 80.6 £ 1549
ASD 4.191 £ 4.68 6.723 £ 0.97* 84.48 + 15.99 ASD 4.6 £ 5% 6.75+0.99 8238 + 14.58
ADHD-H 3.243 +0.855 6.7 £ 1.39* 83.45 £ 13.42 ADHD-H 3.39+0.88 6.85+142  84.68 + 14.39
ASD-C 9.81 £19.83 6.67 £ 1.38 83 £ 18.75 ASD-C 233+ 1171 707141 81.75+16.7
Kruskal-Walli q | levels b Females  Control 23+£0.77 637+£098 787 +9.87
ruskal-Wallis test was used to compare metal levels between
control and ASD, ADHD-H, or ASD-C. Values without * are ASD 207+046 65809 93.4 %2029
not significantly different from control; significant vs control at ADHD-H 278 £0.63  623£127  7957£9.6
*P<0.05; *The levels of manganese were significantly lower in ASD-C 349+£472 5.6 +046 86.33 +27.54

each of ASD (P=0.026) and ADHD-H (P=0.03) groups comparing
with the controls

were significantly high in children with ASD comparing with
controls in the group of children age 5 or less (P =0.008).

Metal Level Comparison Between Males and Females

Metal levels were compared between males and females in
each group (Table 4). Table 4 shows that lead levels were
significantly high in the males of control and ASD groups
compared with females (P =0.01, 0.001 respectively).
Manganese levels were significantly low in the males of con-
trol group compared with females (P = 0.002).

The Logistic Regression Analysis Results
and the Change in the Odd Ratio

Tables 5, 6, and 7 show logistic regression analysis results
of metals in each of ASD, ADHD-H, and ASD-C, respec-
tively. The strongest association was found in manganese

Table 3  Analyzed metal levels (mean + SD) in ASD, ADHD-H, ASD-

C, and control case according to the age groups
Case group  Pb (ug/dl) Mn (ng/dl)  Zn (ug/dl)

<5 years Control 2.17+0.65 7.62+1.77 82.4+12.54
ASD 3.294+0.29%* 6.74+0.99 73.8+4.9
ADHD-H 2.71 £0.55 635+£099 87+8.6
ASD-C - - -

6-12 years  Control 298+0.74 7413 79.48 + 14.1
ASD 446 5.1 6.72 £0.99 86.54 £ 0.99
ADHD-H 333+0.78 6.75+145 8288+ 14.1
ASD-C 981 +19.83 6.67+138 83+18.75

ttest was used to compare metal levels according to different age
groups. Values without * are not significantly different from con-
trol; significant vs control at **P <0.01; Lead levels were elevat-
ed in the groups of ASD, ADHD-H, and ASD-C compared with
the controls with no significance. **Lead levels were significantly
elevated in children with ASD comparing with controls in the
group of children age 5 or less (P=0.008)
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t test was used to compare metals levels according to different age groups.
Values without * are not significantly different from control; significant
vs control at *P < 0.05; **P<0.01; levels. Lead levels were elevated in
the groups of ASD, ADHD-H, and ASD-C compared with the controls
with no significance. **Lead levels were significantly elevated in males
compared with females in control group (P=0.01). ***Lead levels were
significantly elevated in males compared with females in ASD group
(P=0.001). **Manganese levels were significantly higher in males com-
pared with females in control group (P=0.002)

followed by lead, and there was no association with zinc in
both ASD and ADHD groups. For ASD-C group, none of
the metals had any association. The odd ratio of ASD in-
creased by 147.5% when lead concentration increased by
1 png/dl, and by 44.9% when manganese concentration de-
creased by 1 ng/ml. on the other hand; the odd ratio of
ADHD increased by 146.8% when lead concentration in-
creased by 1 pg/dl, and by 58.6% when manganese con-
centration decreased by 1 ng/ml.

The Correlation Between the Measured Three Metals

Table 8 shows the correlation between the measured three
metals. It shows that lead and manganese are positively cor-
related with each other. Zinc is negatively correlated with lead
and manganese with no significance.

Discussion
Lead Levels in the Study Groups

This study found that lead levels were high in the groups of
ASD, ADHD, and ASD-C but without any significant differ-
ence. After adjusting the age, lead levels were significantly
increased in ASD group compared with control group in the
age of 5 and less (P = 0.008). Our findings were consistent with
previous studies that showed adverse neurodevelopmental and
behavioral impacts of lead at low levels [18, 19].

It is well established that the adverse effects of lead are
greater on the developing brain and that the CNS is more
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Table 5 Logistic regression

analysis results of metals in ASD Variable B Wald Change in odds ratio Exp(B) (CI 95%) P R
group
Lead 0.906 4.181 2475 (1.038-5.901) 0.041 0.299
Manganese -0.8 7.318 0.449 (0.252-0.802) 0.007
Zinc 0.024 1.306 1.024 (0.983-1.067) 0.253
Constant 0.944 0.113 2.571 0.736

sensitive to low concentrations of toxic substances at early
childhood period [27]. Children absorb 50% of lead by gas-
trointestinal route, five times more than adults who absorb
only 10% [28, 29].

The vulnerability of both ASD and ADHD patients to be
affected by low levels of lead may be due to individual differ-
ences and genetic variability which plays an important role in
the natural ability to detoxification [30-32]. Several studies
have shown that ASD and ADHD patients are poor
detoxifiers, and they have low levels of the essential enzymes
that are important for lead detoxification, where many studies
showed that ASD children have lower levels of both GST and
vitamin E compared with controls [30, 33, 34]. Ceylan et al.
showed low effectiveness for GSH-Px in ADHD patients [35].
Several studies have also shown an elevation in oxidative
stress biomarkers in both ASD and ADHD patients [35-37].
Rose et al. found that children with ASD have ALAD2 that
correlates with lower glutathione, which may play an impor-
tant role in their susceptibility to lead toxicity [38]. Lead
lowers the levels of neurotransmitters, leading to detrimental
effect on cognition and behavior [39]. Besides, lower neuro-
transmitter levels were found in each of ASD and ADHD
compared with controls [40, 41].

In this study, the highest blood lead levels were observed in
ASD-C group although there was no significant difference
compared with control; this may be attributed to the small
sample size. Many studies have shown that lead levels are
well associated with the severity of ASD and ADHD.
Adams et al. found a strong correlation between the levels of
lead and the severity of autism (P <0.0003) [9]. Blaurock-
Busch et al. also found a significant positive correlation be-
tween lead and verbal communication (P = 0.02), plus general
impression (P =0.008) [42]. Moreover, Huang et al. found
that each 1 pg/dl increase in blood lead is positively correlated
with hyperactivity and restless-impulsivity and hyperactivity-
impulsivity scores according to CRS-R scale [43].

Many studies have shown that the co-occurrence of ADHD
and ASD is associated with lower quality of life, and lower
performance and adaptation more than when each occurring
alone [44]. Rao and Landa found in their study that the co-
morbidity of ADHD and ASD associates with increased social
impairment severity, and lower cognitive functioning, and
more retardation in adaptive functioning than in children with
ASD only [45]. According to the previous findings, increase
of the blood lead levels may be associated with the increased
risk of the comorbidity of ADHD and ASD.

In this study, lead levels were significantly high in the
males of control group and ASD group compared with fe-
males. Our finding corresponds with Joo et al. and Counter
et al., studies where lead levels were higher in males [10, 46].
Jedrychowski et al. study showed that the adverse effects of
lead on the cognition and behaviors of males were more than
in females [47]. This may be attributed to estrogen role in
regulating neurons in the brain, where males have less number
of estrogen receptors, what makes them more susceptible to
the adverse effects of lead [47].

Manganese Levels in the Groups of the Study

Manganese levels were significantly low in both of ASD and
ADHD groups compared with controls, and they were also
low in ASD-C group but without significance. Our study
corresponded to Qin et al. study whereas manganese levels
were significantly low in ASD patients compared with con-
trols [11]. Ayadhi el al. also found that manganese levels were
low in hair samples of ASD children [13]. Our findings did not
correspond with several studies that showed increase in man-
ganese levels in ASD and ADHD patients [16, 48], which
may be attributed to the geographic difference for these stud-
ies, different levels of manganese in the drinking water. The
circumstances of the Syrian crisis may also affect the nutrition
of those children. Genetic difference such as polymorphisms

Table 6 Logistic regression

analysis results of metals in Variable B Wald Change in odds eatio Exp(B) P R
ADHD-H group
Lead 0.903 5.261 2.468 (1.140-5.339) 0.022 0.229
Manganese —0.535 5.538 0.586 (0.375-0.914) 0.019
Zinc 0.020 0.840 1.020 (0.977-1.065) 0.360
Constant —0.646 0.068 0.524 0.794
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Table 7 Logistic regression

analysis results of metals in ASD- Variable B Wald Change in odds ratio Exp(B) P R
C group
Lead 0.583 2.662 1.792 (0.889-3.612) 0.103 0.319
Manganese —0.466 2.170 0.628 (0.338-1.166) 0.141
Zinc 0.019 0.550 1.019 (0.970-1.070) 0.458
Constant —-1.211 0.116 0.298 0.733

in manganese transporters SLC30A10 and SLC39A8 may
influence manganese homeostasis, and has a direct effect on
manganese levels in blood [49]. Manganese is considered an
essential and toxic metal which exhibits a biphasic dose-
response relationship with neurological, cognitive, and behav-
ioral outcomes [50]. Manganese affects neurotransmitter re-
lease, and stimulates faster and more effective electrical im-
pulse movements throughout the brain, thus improving brain
function [51].

Zinc Levels in the Groups of the Study

In this study, serum zinc levels were within the normal range
of 70-120 pg/dl in all groups [52], and they were slightly
higher in the groups of ASD, ADHD, and ASD-C groups with
no significant value. Our study coincided with several previ-
ous studies that found no difference in serum zinc levels be-
tween ASD patients and controls [14, 53]. Our results did not
correspond with studies that found low levels of zinc in the
children with ASD and ADHD compared with controls [15,
54]. The difference between these values may be due to the
geographical variation of these studies, and the different levels
of zinc in soil, as well as, in diets. Zinc deficiency may have
occurred either at the mother’s stage of pregnancy or at neo-
natal stage, where such cases have been found to result in
brain damage [S55-57].

The Correlation Between Measured Metals

In the present study, there is a positive correlation between
lead and manganese. Our finding corresponds with Mehra
and Thakur’s study which found a positive correlation be-
tween lead and manganese in hair samples of workers exposed
to lead [58]. This may be due to the lead ability to affect
essential elements in body and their bioavailability [59-61].

Table 8 Spearman correlation coefficient between metals

Metals Correlation coefficiency Sig
Lead-manganese 0.254 0.01
Lead-zinc —-0.193 0.053
Manganese-zinc —0.032 0.753
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Manganese is a cofactor of SOD, and many studies showed
that lead decreases SOD levels [62].

Conclusions

In conclusion, the obtained data showed that blood lead levels
were higher in the groups of ASD-C, ASD, and ADHD-H
compared with controls. Lead levels were significantly higher
in children with ASD in the age of 5 or less compared with
control, and they were also higher in the males of ASD com-
paring with females. Blood manganese levels were lower in
the groups of ASD-C, ADHD, and ASD, and they were sig-
nificantly lower in ADHD and ASD (P =0.026, 0.046, re-
spectively). However, serum zinc levels were within the ref-
erence range in all groups of study. Lead and manganese were
positively correlated with each other. Lead elevation and man-
ganese decrease may associate with the incidence of ASD,
ADHD, or the co-occurrence of both of them together.
Further studies are needed to examine the relationship be-
tween metal levels and the co-occurrence of ASD and
ADHD together.

Strength of this Study

This is the first study of its kind in Syria, attempting to study
the association between a toxic metal concentration, two es-
sential metals levels, and the occurrence of ASD and ADHD
in children born or grown during the Syrian crisis that started
in 2011.

Limitation of the Study

Small sample size was a drawback in this study, but logistical
and financial factors limited the ability to reach more autistic
children.
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