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A b s t r ac t
Aim: The aim of this study was to compare the level of mercury in the saliva of children with attention deficit/hyperactivity disorder (ADHD) as
compared to age- and gender-matched controls in specific age groups.
Materials and methods: A case-control observational study design was used. In school children with ADHD and outpatient dental clinics of
a university dental hospital, the participants were schoolchildren diagnosed with ADHD studying in the first grade (6–7 years), sixth grade
(12–13 years), and ninth grade (15–16 years) and were gender-matched to children without ADHD attending regular classes in school. Ninety
children with ADHD comprised the test group while 90 children without ADHD comprised the control group.
Results: In this study, we found that children with ADHD had higher levels of salivary mercury than their age- and gender-matched counterparts;
however, this difference was significant only in the 6–7 years of age group. The regression model showed a mild positive association between
salivary mercury and ADHD; however, the association was not statistically significant.
Conclusion: While there is some indication that salivary mercury may be higher in children with ADHD, there is insufficient evidence to establish
a definite association between the two.
Clinical significance: The study highlights the need to evaluate existing evidence on the role of mercury, especially salivary mercury, in ADHD.
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I n t r o d u c t i o n
Attention deficit/hyperactivity disorder (ADHD) is one of the most
common mental disorders affecting children. Attention deficit/
hyperactivity disorder also affects many adults. Symptoms of ADHD
include inattention (not being able to keep focus), hyperactivity
(excess movement that is not fitting to the setting), and impulsivity
(hasty acts that occur in the moment without thought).1
The prevalence of ADHD in children in the west has been
reported as being between 2% and 5.5%.1,2 In Saudi Arabia, there
have been studies that have placed the prevalence of ADHD at being
between 2.7% and 4.2% on average,3 with reports of incidence as
high as 7% in male students. 3–5 It is generally accepted that the
prevalence of ADHD reduces with age with the typical adult rates
being between 1.2% and 2.7%.2
The role of heavy metals in the development of the brain
and neurological disorders is well-documented.6–8 Of the several
heavy metals, mercury has received the greatest attention as it is
associated with both seafood as well as several preservatives used
in food ingredients.6,9–11 However, the role that mercury has played
in the incidence of diseases such as Autism or ADHD has been
controversial in the past. There have been several studies to show
that the trace amounts of mercury found in vaccines or in dental
products may be associated with ADHD; however, the models
proposed fail to prove a causal relationship.12–14
Saliva is a useful noninvasive screening tool for several heavy
metals, including mercury. Salivary analysis of mercury provides
a relatively easy measure to compare mercury levels in children
with ADHD and those without ADHD.15–18 While few studies have
successfully shown increased mercury levels in the blood, urine, and
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saliva of individuals with ADHD,13,14,19 there has been no systematic
attempt made to evaluate the age, demographic, or oral health
factors that could influence the levels of mercury in the saliva of
children with ADHD when compared to age- and gender-matched
controls.
The study of oral health of children is difficult to calibrate due to
the changing dentition and the corresponding oral health changes
associated with them. The World Health Organization (WHO) has
therefore suggested the use of specific ages or age groups to make
sample collection easier. They recommend the age of 5 years to
evaluate children in the primary dentition, 12 years to record the
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Factors Influencing Salivary Mercury Level
effect of mixed dentition, and 15 years to record the initial effects
of young permanent dentition.20
The aim of this study was to compare the level of mercury in
the salvia of children with ADHD as compared to age- and gendermatched controls in specific age groups. The study also sought to
examine the role of maternal salivary mercury levels, if any, on the
presence or absence of ADHD in the children.

M at e r ia l s

a n d  M e t h o d s

Study Design
A case-control, observational study design was used.

Ethical Approval
The proposal was registered with the research center of the
Riyadh Elm University and Ethical Approval was obtained from the
Institutional Review Board (IRB) of the Riyadh Elm University (RC/
IRB/2019/64). Approval was obtained from the Al Jawdah Private
school in Riyadh city for children with ADHD for examining the
medical records of the children. Informed consent was obtained
from the parents of all children before accessing records and
examination. Verbal assent of the children was obtained before
examination and collection of saliva.

Sample Power Calculation
The sample power was calculated using a sample power calculator
(G-Power 3.0, Universtat Kiel, Germany). It was estimated that in
order to obtain an effect size of 0.5 and a power of 0.95, a minimum
of 30 participants per group were required. Using the presence or
absence of ADHD and the three index age groups as indicators, it
was determined that the sample would need 180 participants to
achieve the required power.

to avoid the confounding effect of mercury from the amalgam
restorations.

Mercury (Hg) Determination
Cold vapor atomic absorption spectrometry (CV-AAS) (PerkinElmer
FIMS 400—Flow Injection Mercury System) was used to determine
the total Hg. Saliva samples (1 mL) were digested with 3 mL of
concentrated nitric acid (Merck Suprapur, Merck KgaA, Frankfurter
Strasse 250, Darmstadt) in Teflon vessels under a pressure at
120°C for 8 hours.21,22 Each series of analyses was accompanied by
concurrent mineralization and identification of Standard Reference
Materials (SRMs) no. 1577b “Bovine Liver” from NIST Gaithersburg,
USA). Batches with accompanying SRMs outside the certified range
were repeated. For quantitation, a mercury standard for atomic
absorption from C. Erba reagents 1 (mg/mL) was used and the
detection limit was 0.1 (ng/mL). The reliability of Hg determination,
expressed as the coefficient of variation on repeated assays of the
same samples, was below 5%.

Data Analysis
Salivary mercury levels were tested using the tests for kurtosis
and skew and were found to be normally distributed. The data
were then analyzed using parametric statistics. The independent
samples t test was used to compare the mercury levels between
children with ADHD and those without in each age group. A logistic
regression model with the presence or absence of ADHD as the
dependent variable was generated to explore the effects of the
different recorded variables on ADHD.

R e s u lts

Patients were involved in this study at the stage of data collection.
The parents of the patients were informed about the overall aim
of the study. Public involvement in the recruitment stage of the
study was limited to the involvement of the coordinators of the
special schools.

The sample was comprised of a total of 180 children (86 females and
94 males) equally distributed (n = 60) into the index age groups of
6–7 years (32 females and 28 males), 12–13 years (34 females and
26 males), and 15–16 years (20 females and 40 males). Each index
age group comprised of a case group of 30 children with ADHD who
were age- and gender-matched with a control group.
When the salivary mercury levels were compared between
males and females, it was observed that although females had a
slightly higher mean salivary mercury level (5.87 μg/L, SD ±1.2 μg/L)
than males (5.75 μg/L, SD ±1.4 μg/L), these differences were not
statistically significant (t = −532, p = 0.561). When the salivary
mercury levels were compared among the different age groups, it
was observed that the 6–7-year-old age group had a significantly
lower salivary mercury level than the other two age groups (Table 1).
Children with ADHD had higher salivary mercury levels than
children without ADHD. However, these differences were only
significant in the 6–7-year-old age group (Table 2).
The binary logistic regression model showed that although
there was a positive association between salivary mercury levels
of the children and ADHD, the strength of association fell short of
being statistically significant (p = 0.67) (Table 3).

Variables Recorded

D i s c u s s i o n

Saliva was collected from children using the passive drool technique
and stored in an icebox at ∼5° and transported to a deep freezer
where the collected samples were stored at −60°C until the time
of analysis. Salivary mercury levels were measured using atomic
absorption spectroscopy. The children were examined for the
presence of silver amalgam restorations. Children with dental
amalgam restorations were excluded from the study in order

There is an increased concern over the role of mercury in the
etiology of neurodevelopmental disorders of childhood especially
ADHD.1–3 Despite the known detrimental effect of mercury on the
development of the central nervous system, definitive proof of
association has remained elusive.4,5 The aim of this study was to
examine the levels of salivary mercury in children with ADHD and
compare them to age- and gender-matched controls.

Sample Setting and Selection
The sample was drawn from schoolchildren studying in the first
grade (6–7 years), sixth grade (12–13 years), and ninth grade
(15–16 years). Children diagnosed with ADHD as per the Vanderbilt
diagnostic score and attending a special school for children
with ADHD comprised the test group. The sample comprised of
30 children with ADHD and 30 controls in each age group. Ninety
children with ADHD comprised the test group while 90 children
without ADHD comprised the control group. These children were
age- and gender-matched to children without ADHD attending
regular classes in school. Recruitment of the sample was stopped
once the required sample size had been reached.

Patient and Public Involvement
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Table 1: Comparison of salivary mercury levels among age groups
95% confidence interval for mean
c

6–7 years
12–13 yearsd
15–16 yearsd
Total

Mean
5.4967
6.1233
5.8250
5.8150

Standard deviation
1.31187
1.45734
1.05888
1.30489

Lower bound
5.1578
5.7469
5.5515
5.6231

Upper bound
5.8356
6.4998
6.0985
6.0069

Fa

Sig

3.561

0.030b

a

Significance calculated using the one-way ANOVA
Differences significant at p < 0.05
c,d
Differences in superscript denote difference significant at p < 0.05 when compared using the Tukey’s highest significant difference (HSD) test
b

Table 2: Comparison of mean salivary mercury levels (in μg/L) between children with attention deficit/hyperactivity disorder (ADHD) and those
without ADHD
Age
6–7 years
12–13 years
15–16 years
a

ADHD
ADHD
No ADHD
ADHD
No ADHD
ADHD
No ADHD

Mean
6.58
4.41
6.32
5.94
6.03
5.42

Standard Deviation
0.94
0.43
0.69
0.98
0.81
1.12

ta
5.453

Sig
<0.001b

0.682

0.323

0.383

0.732

Calculated using the student’s t test
Differences significant at p < 0.05

b

Table 3: Binary logistic regression model with presence or absence of ADHD as the dependent variable
Variables in the equationa
Age group
Salivary mercury child
Salivary mercury mother
Constant

B
−0.149
−0.150
0.083
0.926

S.E.
0.215
0.131
0.177
2.139

Wald
0.480
1.308
0.219
0.188

df
1
1
1
1

Significance
0.488
0.253
0.640
0.665

Exp(B)
0.862
0.861
1.086
2.525

a

Variable(s) entered on step 1: maternal amalgam, age group, salivary mercury (child), salivary mercury (adult)

While blood mercury testing remains the definitive source for
the testing of mercury levels, there have been studies that have
focused on the use of noninvasive samples such as saliva and hair
to determine mercury levels.4–7 The development of CV-AAS for the
determination of mercury levels has been shown to be an effective
measure of mercury in both food and substrates such as saliva.5
Given the age of the population being studied and the accuracy of
measures such as CV-AAS, we decided to use saliva as the sample
for mercury in children.
The fact that we found mildly elevated levels of mercury in
the salvia of children with ADHD is not conclusive of any causative
relationship. However, when combined with the mildly positive
association seen in the children, it seems to suggest merit to
the theory proposed by some authors that mercury may play
an associative rather than causative role in the development of
ADHD.8–11
The use of mercury containing dental restorations such as silver
amalgam fillings in mothers at the time of pregnancy has been a
controversial topic.9 The results of our matched study design seem
to suggest that when controlled for age and gender, we were unable
to establish a significant association between the presence of a
mercury-containing dental restoration in the mother’s oral cavity
at the time of pregnancy and the presence of ADHD. A recent study

by Lin et al. conducted in a sample of 80,000 mothers in the United
States showed that although there was a weak positive association
between the presence of amalgam restorations and ADHD, there
was insufficient evidence to establish any meaningful relationship.19
The results of our study seem to support this hypothesis and are
in keeping with the studies of Karouna-Renier et al.9 and Van
Wijngaarden et al.11 that suggest a low level of evidence between
prenatal mercury level and ADHD.
One of the limitations of using saliva as a sample to estimate
mercury is the possible confounding factors that dentition, diet, and
development play in the expression of salivary metals. However, to
overcome this bias, the WHO suggests the use of index age groups.12
The index age groups used in this study suggested that while there
was some difference in the salivary mercury levels of children with
ADHD and those without in the primary dentition (6–7 years) age
group, this difference was not significant with the children in the
mixed (12–13 years) and permanent (15–16 years) age groups.12 This
finding could explain the observations of Lygre et al., who found
that the association between the presence of a maternal dental
amalgam restoration and ADHD was inversely associated with the
age of the child.13 While the metabolism of mercury in children is
beyond the scope of this study, the results of this study seem to
suggest that future research could look into the possible reasons
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for this inverse association between age and mercury levels as it
is related to ADHD.
The results of this study should also be viewed keeping in mind
the limitations of the observational study design. While all attempts
were made to match the age and gender of children being studied,
it was not possible to quantify the severity of the ADHD. Given the
large variations in the scores used for the diagnosis of ADHD, it
was decided to limit the focus of the current study to the presence
or absence of ADHD. A further limitation of the current study was
that while the presence of maternal dental amalgam restorations
was determined clinically, the presence of the restoration during
the pregnancy was based on the reported history. Despite these
limitations, the fact that there was some positive association
between the salivary mercury levels of the child and presence
of ADHD seems to suggest that we cannot fully rule out the role
mercury in the etiopathogenesis of ADHD.

C o n c lu s i o n
Within the limitations of the study, we can state that the following:
•

•
•

Children with ADHD seem to have a significantly higher level
of salivary mercury than age- and gender-matched controls;
however, this difference is the highest in the primary dentition
and reduces in the permanent and mixed dentitions.
The data in this study do not show sufficient association between
ADHD and salivary mercury to determine mercury as a cause
of ADHD.
There seems to be evidence to suggest that the association
between salivary mercury and ADHD is not a causative one, but
an association that merits further research.
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