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Abstract
Some trace elements may participate in the pathogenesis of attention-deficit hyperactivity disorder (ADHD). This study aimed to
investigate the trace element status of zinc (Zn), copper (Cu), iron (Fe), magnesium (Mg), and lead (Pb) in children with ADHD,
and to compare them with normal controls. Associations between examined elements and SNAP-IV rating scores of ADHD
symptoms were also assessed. Four hundred nineteen children with ADHD (8.8 ± 2.1 years) and 395 matched normal controls
(8.9 ± 1.7 years) were recruited in the study. The concentrations of Zn, Fe, Cu, Mg, and Pb in the whole blood were measured by
atomic absorption spectrometry. Lower zinc levels (P < 0.001) and the number out of normal ranges (P = 0.015) were found in
children with ADHD when compared with the normal control group. The difference remained when adjusting the factor of BMI
z-score. No significant between-group differences were found in levels of other elements. Zinc levels were negatively correlated
with parent-rated scores of inattentive subscale of SNAP-IV (r = − 0.40) as well as with total score of SNAP-IV (r = − 0.24).
Other significant associations were not observed. The present results indicated that there were alterations in blood levels of zinc,
which was associated with the symptom scores of ADHD.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) is a neurobe-
havioral disorder, characterized by inattention, hyperactivity,
and impulsivity [1]. The estimated prevalence of ADHD di-
agnosis in children ranges from 5 to 10% [2, 3]. ADHD is the
most common childhood mental disorder [4], resulting in sub-
stantial functional impairments, including cognition and aca-
demic accomplishment as well as self-esteem and social rela-
tionships. Psychopharmacological treatments can benefit
ADHD-related impairments, which have been confirmed by
lots of studies [5–7]. Although originally considered as a dis-
order limited in childhood, about one half to two thirds of
children with ADHD have the disorder persisting into adult-
hood [8]. This draws more attention focusing on the

intervention strategy and underlying etiology of this disorder.
Several studies suggest ADHDmay be caused by both genetic
and environmental factors and their interactions. However,
researchers have not found the exact mechanism of ADHD
pathogenesis up to now.

Trace elements include zinc (Zn), copper (Cu), iron (Fe),
magnesium (Mg), etc., which play essential roles in normal
brain growth, neurotransmitter synthesis [9], catabolism, cel-
lular metabolic process [10], metabolism relevant to neuro-
transmitters, and dopamine metabolism [11, 12]. Therefore,
altered levels of these elements and their imbalance may lead
to dysfunction of neurotransmitters, including dopaminergic
system. The imbalance of dopaminergic and noradrenergic
systems is the possible mechanism of ADHD suggested by
several lines of researches [2]. Thus, some studies investigated
the association between metabolism of trace elements and
ADHD.

The most common elements studied in children with
ADHD are zinc and iron. Zinc is a cofactor for enzymes in-
volving in the metabolism of neurotransmitters (including do-
pamine), melatonin, and prostaglandins [13, 14]. The symp-
toms of zinc deficiency include inattention, which mimics the
manifestations of ADHD. Several case-controlled studies in-
dicated lower zinc levels in children diagnosed with ADHD
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compared to controls [15–24]. These results have not been
replicated in samples throughout the world, although most
meta-analysis suggested an association between low zinc
levels and a diagnosis of ADHD [14, 25, 26]. Clinically, al-
though with conflicting results [27], several researches study-
ing the effects of zinc supplements on the ADHD symptoms
showed zinc is superior to placebo in reducing both hyperac-
tive and impulsive symptoms [28]. And, zinc could improve
the effects of amphetamine in ADHD treatment [29]. These
results might be considered as evidences of zinc playing an
important role in pathogenesis of ADHD, at least for a sub-
group of children.

Iron is another extensively studied element in children with
ADHD, which is a cofactor for tyrosine hydroxylase, the rate-
limiting enzyme of monoamine synthesis and thus is critical
for dopamine and norepinephrine production. Bener et al. [30]
found that children with ADHD had low serum iron after
adjusting for age, gender, and other variables. Doom et al.
[31] found that iron deficiency increased the ADHD
symptomology. In addition, some evidences supported the
effects of iron supplement on improving ADHD symptoms
[32]. These documents demonstrated the low serum iron was
associated with ADHD. But there were other studies with
controversial results of the iron deficiency in ADHD [33].

The other two elements, Cu and Mg, are possibly related
with the ADHD pathogenesis. Cu plays as an essential con-
stituent in many enzymes (i.e., dopamine β-hydroxylase,
monoamine oxidase, thyrosinase, and Cu/zinc superoxide dis-
mutase) for their functions. Previous studies reported lower
[34, 35] levels of Cu in subjects with ADHD than in normal
controls. For Mg, the study by Nogovitsina et al. [36] identi-
fied decreased plasma magnesium levels in children with
ADHD. However, studies revealed no correlations between
both Cu and Mg levels with scores of ADHD symptoms on
rating scales [37, 38].

Lead (Pb), a heavy metal naturally found in the environ-
ment, is a well-known neurotoxicant, especially harmful to
child neurodevelopment. Many studies have shown the harm-
ful effects of higher blood lead levels (BLL) (> 100 μg/L);
however, a growing body of evidence shows adverse effects
of lower BLLs (e.g., ≤ 50 μg/L), which suggests no threshold
of developmental neurotoxicity [39–41]. Many studies indi-
cate that low-level lead exposure may contribute to ADHD
diagnosis [40–44]. The association between lead exposure
and ADHD needs to be examined in different populations.

Overall, the topic continues to interest parents and physi-
cians who prefer an alternative to psychopharmacological
treatment or seek a complementary therapy, although there
was no definite conclusion of the association between trace
elements and ADHD. However, previous investigations had
many limitations, which prevented us to draw powerful con-
clusions including small sample size, lack of controls, not
excluding confounding factors (such as nutrient status,

BMI), absence of the association between scores of ADHD
symptoms and elements levels. Taken these into consider-
ation, we performed a case-controlled study aiming (1) to
investigate if the elements were deficient in Chinese children
with ADHD comparing to normal controls and (2) to explore
if the elements levels were related to ADHD symptomatology.

Methods

Study Design

This case-controlled study was designed to assess if the status
of the trace elements were changed in children with ADHD,
which was conducted in ADHD and healthy Han Chinese
children aged between 6 and 16 years.

Study Procedure

The data were collected from outpatients who were suspected
to be affected by ADHD on their first visit to clinic between
July 1, 2014, and September 30, 2015, in the Children’s
Hospital, Zhejiang University School of Medicine.
Participants underwent a comprehensive assessment to define
if they had a diagnosis of ADHD. At the same time, trace
elements were detected. The study procedures were explained
and the written informed consents were obtained from the
children and their parents. The study protocol was approved
by the Institutional Review Board of the Children’s Hospital,
Zhejiang University School of Medicine.

Participants and Diagnostic Assessment

The studied children experienced a comprehensive assess-
ment process by a trained multidisciplinary ADHD diagnostic
team, including Vanderbilt ADHD Diagnostic Parent and
Teacher Rating Scales, Conners’ Parent and Teacher Rating
Scales (Chinese version), SNAP-IV and Raven’s Progressive
Matrices, and physical examination, EEG, ECG and liver
function. The children, parents, and teachers were interviewed
by one psychiatrist to verify the ADHD diagnosis.

Children included in this study met the following criteria:
(a) diagnosed with ADHD according to the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-
5), under the following three presentations: predominantly
inattentive presentation, predominantly hyperactive-
impulsive presentation, and combined presentation; (b) be-
tween the ages of 6 and 16 years; (c) having no history of
treatment for ADHD; and (d) being Han Chinese.

Individuals were excluded if they had (a) a psychiatric di-
agnosis with significant symptoms (psychosis, autism, depres-
sion, anxiety, mood disorder) and mental retardation; (b) sen-
sorimotor handicaps (paralysis, deafness, blindness); (c) taken
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drugs such as methylphenidate in any form, clonidine, or
atomoxetine for controlling ADHD symptoms; or (d) serious
somatic disorders, such as cardiovascular diseases, hyperthy-
roidism, serious gastrointestinal stenosis, dysphagia, exoge-
nous steroid hormones, and sexual development disorders.

The normal controls were recruited from a local primary
school. A total of 395 children enrolled into this group. The
control participants had been examined to exclude ADHD
condition and other severe medical disorders. The character-
istics of the samples are shown in Table 1.

Trace Element Detection

Trace metal analyses were performed with a multichannel
atomic absorption spectrophotometer -MB5 (AAS; Beijing
Purkinje General Instrument Co., Ltd., Beijing, China) and
lead with a graphite furnace atomic absorption spectrometry-
MG2 (Beijing Purkinje General Instrument Co., Ltd., Beijing,
China) [45]. The detection limits of these instruments for zinc,
copper, iron, magnesium, and lead are 0.01, 0.01, 0.01,
0.01 μmol/L and 0.5 μg/L, respectively.

Growth Measurement and Assessment

Growth data were taken during the first recruitment visit by
one assistant. Body weight was measured to the nearest
0.10 kg while the subjects were wearing lightweight clothing,
and height was measured to the nearest 0.10 cmwithout shoes
and hats. BMI was calculated by dividing the subject’s weight
(in kg) by the square of his or her height (in meters). BMI
percentiles and BMI z-score were used to determine the indi-
viduals’ growth status, which was evaluated using the
National Growth Reference for Chinese Children and
Adolescents [26]. Individuals’ BMI percentile was deter-
mined according to the age- and gender-specific standardized
growth chart. BMI z-score was defined as the difference be-
tween a subject’s absolute BMI and the mean BMI for

children of the same age and gender, divided by the standard
deviation of the BMI for that subgroup. Age in months was
calculated from the date of birth to the date of the visit.

Data Analysis

Data were entered into Excel software and analyzed in the
SPSS (version 13.0) software package. Before a t test was
used to compare the differences of trace elements levels be-
tween two groups, the normal distributions of the sample
values were tested. Pearson (or Spearman) correlation test
was used for correlation analysis. To compare the demograph-
ic data between ADHD and control groups, chi-square (for
dichotomous variables) or t test (for continuous variables)
were performed. A P value of less than 0.05 was regarded as
statistically significant for all statistical tests.

Results

A total of 421 childrenwere diagnosed with ADHD during the
study period. Two children were excluded from the study
because of the incomplete information. The characteristics of
the subjects are summarized in Table 1. The mean age was
8.8 years, with a standard deviation of 2.1 (they ranged from
6.3–15.17 years), and most (92.1%, n = 386) were in primary
school. The sample consisted mainly of children with com-
bined presentation (50.6%, n = 80) of ADHD. There were
more boys (72.8%, n = 305) than girls. There were no statis-
tical differences between the ADHD and normal control
groups for the demographic information.

The whole blood levels of Zn, Fe, Cu, Mg, and Pb in the
ADHD and normal control groups are shown in Table 2. The
level of Zn was significantly lower in the ADHD group than
that in the normal control one (P < 0.001). For other biochem-
ical parameters, no statistical differences were observed. After
adjusting BMI z-score, the trends still remained. In addition,

Table 1 Sample profile
Characteristic ADHD group

(n = 419)
Normal controls
(n = 395)

Statistic, P
value

Age (mean ± SD years) 8.8 ± 2.1 8.9 ± 1.7 t = −0.87,
P = 0.38

Gender

Boys (n, %) 386 (92.1) 360 (91.1) χ2 = 0.26,
P = 0.61Girls (n, %) 33 (7.9) 35 (8.9)

BMI z-score 0.124 ± 1.55 0.078 ± 1.51 t = 0.51,
P = 0.61

Presentations of ADHD

Combined presentation 220 (52.5) – –

Predominant inattentive presentation 82 (19.6) – –

Predominant hyperactive/impulsive
presentation

117 (27.9) – –
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the information of the number out of normal ranges (NON) in
every group was collected. The number out of normal ranges
of the element of zinc was much more in ADHD group than
that in normal control group (P = 0.015). Further analysis of
comparison were performed according to different age groups
of childhood (6–11 years old) and adolescent (12–16 years
old). Table 3 showed the results. Statistical differences of zinc
levels and NON were also found between ADHD group and
normal controls aged 6–11 years.

Furthermore, the relationships between levels of Zn, Fe,
Cu, Mg, and Pb and variables of gender, age, BMI z-score,
and ADHD symptoms in ADHD children were assessed.
Statistical analysis showed moderate correlations between
zinc level and inattention subscale score (r = − 0.40), and
weak correlation between zinc level and total score of

SNAP-IV (r = − 0.24). For other elements, no significant re-
lationship was indicated between them and BMI-z score, sub-
scales score and total score of SNAP-IV.

Discussion

Up to date, many research studies have been designed for
elucidating if the trace elements were altered in the subjects
with ADHD [19, 20, 23, 24, 46]. Some studies indicated the
lower level of elements in children with ADHD compared
with normal controls [19, 23, 24], although others did not
[10, 47]. There were no consistent conclusions so far. But
researchers still keep the increasing interest about

Table 2 Trace element levels in
children with ADHD and normal
controls

Parameter ADHD children
(n = 419)

Normal controls
(n = 395)

Statistica Statisticb

Mean ± SD NON Mean ± SD NON

Zn 84.79 ± 12.46 120 88.03 ± 12.38 84 t = 3.73, P = 0.00 χ2 = 5.89, P = 0.015

Fe 8.15 ± 0.80 8 8.23 ± 0.87 2 t = −1.39,
P = 0.165

χ2 = 2.24, P = 0.134

Cu 22.44 ± 5.39 2 22.64 ± 5.64 1 t = −0.51, P = 0.61 χ2 = 0.28, P = 0.59

Mg 1.62 ± 0.22 0 1.65 ± 0.22 0 t = −1.65,
P = 0.099

–

Pb 37.75 ± 16.76 76 37.90 ± 18.97 77 t = −0.11, P = 0.91 χ2 = 0.245,
P = 0.621

The units of Zn, Fe, Cu, Mg, and Pb concentration are μmol/L, mmol/L, μmol/L, mmol/L, and μg/L, respectively

NON numbers out of normal ranges
a Statistical analysis of average between two groups
b Statistical analysis of number out of normal ranges between two groups

Table 3 Trace element levels in children of different age group

Parameter 6–11 years 12–16 years

ADHD (n = 379) Controls (n = 370) Statistica Statisticb ADHD (n = 40) Controls (n = 25) Statistica Statisticb

Mean ± SD NON Mean ± SD NON Mean ± SD Mean ± SD NON

Zn 85.39 ± 12.41 104 87.74 ± 12.30 73 t = − 12.39,
P = 0.00

χ2 = 6.17,
P = 0.013

82.88 ± 14.53 16 93.34 ± 9.75 11 t = − 15.25,
P = 0.00

χ2 = 0.101,
P = 0.75

Fe 8.12 ± 0.76 7 8.26 ± 0.85 2 t = − 11.03,
P = 0.00

χ2 = 2.86,
P = 0.091

8.62 ± 0.91 1 8.11 ± 1.08 0 t = 9.70,
P = 0.165

χ2 = 0.98,
P = 0.32

Cu 23.95 ± 5.56 1 24.00 ± 5.73 1 t = − 0.60,
P = 0.55

χ2 = 0.00,
P = 0.986

20.05 ± 4.64 1 22.95 ± 6.90 0 t = − 9.65,
P = 0.00

χ2 = 0.98,
P = 0.32

Mg 1.63 ± 0.22 0 1.66 ± 0.22 0 t = − 9.58,
P = 0.00

– 1.64 ± 0.22 0 1.65 ± 0.21 0 t = − 0.67,
P = 0.50

–

Pb 37.48 ± 16.32 65 37.61 ± 18.74 73 t = − 0.49,
P = 0.62

χ2 = 0.83,
P = 0.36

42.71 ± 18.87 11 42.50 ± 18.60 4 t = 0.21,
P = 0.84

χ2 = 1.19,
P = 0.275

The units of Zn, Fe, Cu, Mg, and Pb concentration are μmol/L, mmol/L, μmol/L, mmol/L, and μg/L, respectively

NON numbers out of normal ranges
a Statistical analysis of average between two groups
b Statistical analysis of number out of normal ranges between two groups
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understanding the participation of trace elements in the path-
ophysiology of ADHD.

In the present investigation, we found mean zinc level was
much lower in the ADHD group than that in the controls. The
results were consistent with other literature. Bekaroglu et al.
found that serum zinc was greatly lower in children with
ADHD than that in healthy ones (60.6 ± 9.9 vs. 105.8 ±
13.2 μg/dl) [15]. Zhou et al. found that blood zinc level was
negatively related to the symptoms of ADHD [24]. In a meta-
analysis including 2177 Chinese children with ADHD in 17
studies, Sun and colleagues concluded that serum zinc levels
may be associated with susceptibility to ADHD in Chinese
children [21]. All of these researches and our present one
indicated that zinc level was inversely associated with ADHD.

Furthermore, because of the broad age range from 6 to
16 years, further analysis were done according to the subgroup
of childhood (6–11 years old) and adolescent (12–16 years
old), respectively. For the childhood group, similar results
were found as the above results. But no difference was found
for the zinc levels between 2 groups for children aged 12–
16 years. One noted point is there is a difference in numerical
values of zinc levels between ADHD and control groups, but
no statistical difference. It is speculated that the small sample
size of adolescents group may contribute to this result. Large
sample-size study including more adolescents is warranted.

To draw more powerful conclusion, we did the statistical
analysis of comparing elemental levels between two groups
after controlling the factor of BMI z-score. As was well
known, the elemental status was greatly affected by the nutri-
tional condition. One study found that serum trace elements
were changed by the factor of BMI z-score [48]. In our study,
BMI z-score was higher in the ADHD group than that in the
normal controls, although with a statistical value at gray level
(P = 0.061). However, the difference for zinc levels still
remained when adjusting the confounding factor of BMI z-
score. Moreover, the number of out of normal ranges for Zn
was another parameter indicating zinc deficiency in ADHD.
The NON was much larger in the ADHD group, which could
also confirm that lower Zn was closely related to ADHD. It
was suggested that low zinc level played an important role in
ADHD by both the methods.

In addition, the relation between low zinc level and ADHD
was supported by correlation analysis. Our results revealed
that Zn was inversely related to total scores and inattention
subscale score of ADHD symptoms. This is another proof that
zinc plays an important role in the ADHD manifestation. The
study [23] by Viktorinova and colleagues indicated that the
level of zinc was significantly related to ADHD symptoms.
Our results were consistent with a study by Arnold et al. that
showed lower serum zinc levels were associated with greater
parent and teacher ratings of inattention (r = − 0.45) in chil-
dren with ADHD [16]. However, the exact mechanism of how
zinc might contribute to ADHD is not clear. But there were

several potential pathways: (1) zinc is a cofactor for more than
300 enzymes and is involved in the pathway for the body’s
production of prostaglandins and neurotransmitters, including
norepinephrine [49]; (2) zinc has the assistant effects on reg-
ulating melatonin which is an important factor in the patho-
physiology of ADHD due to its modulation of dopamine [50,
51]; (3) zinc also can bind to and regulate the dopamine trans-
porter, which is the target of psychostimulants treating ADHD
[50]. From this point of view, zinc is recommended in RDA/
RDI dosages as part of a balanced vitamin/mineral supple-
ment, which is a safe and costly effective intervention in
ADHD treatment [52].

Although other elements have been reported to be associ-
ated with ADHD, no statistically differences were found in the
present study. For heave metal of lead, the exposure was com-
monly considered as a high environmental risk factor for the
development of ADHD [53]. But the lead levels in two groups
were comparable and both in normal ranges, whichmeant lead
exposure was not correlated with ADHD in this group of
children. Further large-scale study is warranted to confirm it.

Strength and Limitations

The first strength was the collected information including the
nutritional information of BMI z-score, which can exclude the
influence of nutrition on the trace element status. The second
was the large sample size, which could minimize the selective
bias. Moreover, the scores of ADHD symptoms of children
were used to do the relationship analysis between ADHD,
BMI, and trace elements. These strengths would make this
investigation more powerful. However, there were limitations
for it. Firstly, this is a cross-sectional survey that makes it
difficult to infer a relationship between trace elements and
ADHD symptoms. These collected data do not allow us to
speculate on potential developmental periods of susceptibility
to zinc deficiency. In addition, the duration of low zinc level in
ADHD children was unknown. Secondly, data of dietary in-
take of Zn were not collected. But in our design, BMI z-score
was matched between two groups, which could exclude the
confounding factors of nutritional status that affected zinc sta-
tus. Or, it is also a good alternative method to measure the
bioelements in hair as the research by Tippairote and col-
leagues [46]. Thirdly, we only studied the most common four
elements routinely measured in clinical practice. These limi-
tations should be taken into consideration when the results
interpreted.

Conclusion

Our study shows that blood zinc levels are lower in patients
with ADHD than those in normal controls, and zinc levels are
inversely related to inattention subscale of ADHD, which

380 Yang et al.



suggests that zinc is correlated with ADHD. In this study, we
failed to find a correlation between other trace elements and
ADHD.
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