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Abstract

Objective—It has been suggested that both low iron and zinc levels might be associated with
Attention Deficit Hyperactivity Disorder (ADHD) symptoms. However, the association of zinc
and iron levels with ADHD symptoms has not been investigated at the same time in a single
sample.

Method—118 subjects with ADHD (age = 7-14 years, mean = 9.8, median = 10) were included
in the study. The relationship between age, gender, ferritin, zinc, hemoglobin, mean corpuscular
volume and reticulosite distribution width and behavioral symptoms of children and adolescents
with ADHD were investigated with multiple linear regression analysis.

Results—Results showed that subjects with lower zinc level had higher Conners Parent Rating
Scale (CPRS) Total, Conduct Problems and Anxiety scores, indicating more severe problems.
CPRS Hyperactivity score was associated both with zinc and ferritin levels. Conners Teacher
Rating Scale (CTRS) scores were not significantly associated with zinc or ferritin levels.

Conclusions—Results indicated that both low zinc and ferritin levels were associated with
higher hyperactivity symptoms. Zinc level was also associated with anxiety and conduct problems.
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Since both zinc and iron are associated with dopamine metabolism, it can be speculated that low
zinc and iron levels might be associated with more significant impairment in dopaminergic
transmission in subjects with ADHD.
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Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common
neuropsychiatric disorders of childhood, consisting of two symptom domains, hyperactivity/
impulsivity and inattentiveness [1]. The exact pathophysiology of the symptoms is unclear at
the moment, although several studies suggested that both genetic and environmental factor
and their interactions are important. Some studies investigated the association of iron and
zinc metabolisms with ADHD. A number of studies showed that children with ADHD had
lower mean ferritin levels when compared with normal controls and that low serum ferritin
levels were related with more severe symptoms reported by teachers or parents [2, 3 but also
see 4]. Other studies have focused on the utility of iron supplementation in ADHD, with
conflicting results [5, 6]. A relationship among iron deficit, restless legs syndrome (RLS)
and other sleep disorders and ADHD has also been reported, suggesting a common
dopaminergic impairment in these conditions [7, 8]. In our sample, we found that the rate of
iron deficiency was significantly higher in ADHD subjects with RLS when compared with
ADHD subjects without RLS, showing that depleted iron stores might increase the risk of
having RLS in ADHD subjects. We also reported that there were no significant correlations
between ferritin level and performance in vigilance and sustained attention tasks, executive
function tests like planning and organization, complex problem solving, set shifting and
response monitoring [3]. We also showed that in the ADHD group in general, parent and
teacher ratings were significantly negatively correlated with ferritin level. When only pure
ADHD subjects were taken into account, the correlations did not reach statistical signifance,
suggesting that lower ferritin level was associated with higher behavioral problems reported
by both parents and teachers. Presence of comorbid conditions might also increase the effect
of lower iron stores on behavioral measures [9].

Several researchers reported a link between zinc levels and ADHD symptoms [reviewed in
10]. Results of other studies suggested that zinc supplementation might be effective in
decreasing ADHD symptoms [11]. This makes sense since zinc is an inhibitor dopamine
transporter, which is also the main target of stimulant medications [12]. An event related
potentials study showed that zinc-deficient ADHD subjects might have different information
processing when compared with non-zinc-deficient subjects [13].

However, the association of both iron and zinc metabolisms and ADHD symptoms in a
single sample has not been investigated. This is important because both zinc and iron is
important in dopamine pathway [12, 14]. In this study, our aim was to investigate the
relationship between ferritin, zinc, hemoglobin, mean corpuscular volume (MCV) and
reticulosite distribution width (RDW) and behavioral symptoms of children and adolescents
with ADHD. We selected these hematological variables since iron deficiency is usually
defined by low serum ferritin levels, or low MCV and high RDW values. Our hypothesis
was that behavioral symptoms of subjects with ADHD were related to both ferritin and zinc
levels.

Child Psychiatry Hum Dev. Author manuscript; available in PMC 2012 July 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Oner et al.

Method

Page 3

118 subjects with ADHD (97 boys (82.2%), 21 girls (17.8%); age 7—14 years, mean + SD:
9.8 £ 2.3, median = 10) were included in the study. All of the cases were Caucasian. All
subjects were recruited from the general outpatient clinic of a general hospital, who fulfilled
the inclusion criteria [combined type ADHD diagnosis, being drug-naive, age 7-14; Conners
Parent Rating Scale Hyperactivity score above cut-off (7)]. Informed consent was obtained
from the parents before enrollment with local ethics committee approval for inclusion in the
study. Diagnosis was based on DSM-1V criteria and made by the first author (Ozgur Oner),
an experienced child psychiatrist using K-SADS-PL semi-structured interview. Informed
consent process was verbal as is customary given the literacy level of the parents. 50 cases
had comorbid oppositional defiant or conduct disorders, 32 cases had anxiety disorder or
depression. All ADHD cases had unremarkable medical history other than ADHD and were
clinically screened for psychosis, eating disorders, substance use disorders, pervasive
developmental disorders, and mental retardation. All patients were diagnosed for the first
time and had never been evaluated for psychiatric disorders or treated with
psychopharmacological medicine. All ADHD subjects were combined type since we
excluded other subtypes. The parents could select to opt out of the study but none of the
parents refused to participate Table 1.

Symptom severity was evaluated with Conners Parent and Teacher Rating Scales. The
subjects who had scores lower than the proposed cut-off scores (CPRS Hyperactivity score =
7 and CTRS Hyperactivity score = 6) were excluded.

Conners Parent Rating Scale (CPRS)

This form includes 48 items, which aims to evaluate behavior of children assessed by their
parents [15]. The scale includes oppositional behavior, inattentiveness, hyperactivity,
psychosomatic and irritability domains. Turkish translation has good validity and reliability
[16].

Conners Teacher Rating Form (CTRS)

This form includes 28 items, which aim to rate classroom behavior of children assessed by
teachers [17]. There are three subscales of the form: 8 items inattentiveness, 7 items
hyperactivity and 8 items conduct problems. CTRS is translated to Turkish by Sener [18],
and the Turkish form showed adequate validity and reliability (Cronbach’s alpha .95).

Data Analysis

Results

Multiple regression analysis was used in order to evaluate the effects of age, gender, ferritin,
zinc, and hemoglobin levels, mean corpuscular volume and RDW values on the CPRS
Learning Problems, Conduct Problems, Hyperactivity, Anxiety and Total scores as well as
CTRS Hyperactivity, Conduct Problems, Inattentiveness and Total scores. We chose ferritin,
hemoglobin; MCV and RDW values since they were the factors evaluated in anemia and
iron deficiency criteria. Model fit in the regression analysis was evaluated by Durbin-
Watson test. Two-tailed significance tests (o < .05) are reported throughout. SPSS 13.0
statistical package was used for the analysis.

CPRS Total score was significantly related with serum zinc level; cases with lower zinc
level had higher scores, indicating more severe problems (B=-.22, t=-2.4, p=.02). CPRS
Conduct Problems score was associated with zinc level (B=-.20, t=-2.1, p=.04) and also
there was a statistical trend for higher scores in males (B=-.18, = -1.49, p=.055). CPRS
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Hyperactivity score was associated with zinc and ferritin (B=-.26, t=-2.9, p=.005and B
=-.21, t=-2.3, p=.02, respectively) levels and with being male (B=-.18, t=-2.0, p=.
048). CPRS Anxiety score was associated with zinc level (B=-.19, t=-2.0, p=.044).
CTRS Hyperactivity and Total scores were significantly associated with being male (8= -.
31, t=-3.1, p=.002 and B=-.22, t=-2.3, p= .02, respectively) and RDW (B = .27, t=
2.3, p=.03and B=.28, t=2.4, p= .02, respectively).

Discussion

Summary

The results of the present study was consistent with previous studies, including our group’s,
showing that low ferritin level was associated with higher hyperactivity scores [2, 3].
However, in the present study we have found that low zinc level was also associated with
high CPRS Hyperactivity score as well as high CPRS Anxiety, Conduct Problems and Total
scores. That was also consistent with previous studies indicating higher scores in patients
with low zinc levels [10]. This result expanded previous findings by showing that both iron
and zinc metabolism were significantly associated with parental behavioral reports in a
single sample. Our findings suggested that subjects with low zinc and low iron levels might
have highest level of parent reported hyperactivity symptoms. Interestingly, neither ferritin
nor zinc levels were associated with Learning Problems score, suggesting that they were
more closely related with hyperactivity/impulsivity component of ADHD than inattention
component. This was also consistent with our previous results [3]. We also found an
association between RDW and teacher reported symptoms. High RDW is associated with
iron deficiency, but it is not easy to interpret the results.

It has been found that iron is closely related to dopamine metabolism being a coenzyme of
tyrosine hydroxylase, and that D2 and D4 receptor and dopamine transporter densities
decrease with decreased brain iron levels [14, 19, 20]. Zinc is a dopamine transporter
inhibitor, since dopamine transporter is the main factor that determines the synaptic
dopamine level, zinc level is supposed to be associated with dopaminergic transmission
[12]. Neuroimaging, genetics, and animal studies have suggested that dopaminergic
transmission is impaired in subjects with ADHD [21]. It can be speculated that iron and zinc
deficiencies might cause further alterations in brain dopaminergic system, which seems to be
already impaired in ADHD subjects [22]. Our results showed that both ferritin and zinc
levels were negatively correlated with CPRS Hyperactivity score, suggesting an additive
effect. On the other hand, only low zinc level was associated with CPRS Conduct Problems
and Anxiety scores, suggesting that zinc and iron levels might be associated with different
behaviors. It has recently been shown that zinc deficiency might induce depression-like
behaviors in rats [23]. However, the link between internalization disorders and zinc
deficiency is not very clear.

The most obvious limitation of the present study was the cross-sectional design. In cross-
sectional studies one can not infer on causality, but can only report associations. The other
potential limitation of the study was the clinical nature of the sample, these results may not
be valid for population samples.

In summary, our results supported and extended previous findings by showing that there was
a significant negative association between both zinc and ferritin levels and parent reported
hyperactivity symptoms, suggesting that subjects with low levels of iron and zinc might be
at increased risk of having higher levels of hyperactivity. Zinc level was also associated with
parent reported conduct problems and anxiety.
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