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Background: Several studies have suggested that iron 
deficiency may be related to the pathophysiology of attention 
deficit hyperactivity disorder (ADHD) due to the role of iron in 
the production of dopamine and noradrenaline. 
Objectives: To evaluate the status of iron deficiency in 
ADHD children, using ferritin levels, a reliable measure of 
iron storage in body tissue, as an iron status marker, and to 
investigate a possible correlation between ferritin levels and 
the diagnosis of ADHD.
methods: The study group included 113 newly referred ADHD 
children aged 5–15 years (mean age 8.8 ± 2.7). 
results: Ferritin levels were below 20 ng/ml in 67 children 
(59%) and above 20 ng/ml in 46 (41%). There was a very low 
inverse statistical correlation between scores on Conners’ 
Rating Scale and ferritin levels, probably without clinical 
significance.  
conclusions: Our findings suggest that low iron stores may be 
related to ADHD pathophysiology; therefore, ferritin should 
be included in the overall evaluation of children with ADHD. 
  IMAJ 2011; 13: 530–533

attention deficit hyperactivity disorder (ADHD), iron, ferritin

iron deficiency in children with attention deficit 
Hyperactivity disorder
Eli Lahat MD1, Eli Heyman MD3, Amir Livne MD3, Michael Goldman MD2, Matitiahu Berkovitch MD2 and Ditza Zachor MD3

1Pediatric Neurology Unit and Departments of 2Pediatrics and 3Pediatric Neurology, Asaf Harofeh Medical Center, Zerifin, affiliated with Sackler Faculty of Medicine, Tel Aviv 

University, Ramat Aviv, Israel

aBstract:

KeY wOrds:

a ttention deficit hyperactivity disorder, the most prevalent 
neuropsychiatric disorder worldwide, affects between 5% 

and 10% of school-aged children and was found to persist 
through adolescence and adulthood in 30%–50% of these 
individuals [1,2]. The disorder is characterized by develop-
mentally inappropriate inattention, hyperactivity and impul-
sivity, with onset before age 7 years and impaired functioning 
in two or more settings (school, home, etc.) [3]. 

The pathophysiology of ADHD is complex and not com-
pletely understood. No specific etiology has been identified 
for ADHD, and findings are consistent with a multifactorial 
hypothesis. Indeed, all neuropsychiatric disorders are thought 
to be caused by a complex combination of environmental, 
genetic and biological factors. Therefore, the proposed etiolo-
gies related to prenatal and perinatal risk factors, genetics and 

ADHD = attention deficit hyperactivity disorder

neurobiological deficits may all be involved in the pathophys-
iology of ADHD in different individuals [2]. However, many 
studies using different methodologies have indicated that 
dopamine is a key element of ADHD pathophysiology. The 
association between ADHD and the genes regulating dop-
amine, norepinephrine, serotonin and gamma-aminobutyric 
acid (GABA) has been studied [3,4]. Of these neurotransmit-
ters, dopamine may play a central role because of its asso-
ciation with the modulation of psychomotor activity and 
executive functions, which are the main clinical features of 
individuals with ADHD. Several molecular genetic studies 
of ADHD have concentrated on the genes involved in dop-
aminergic function, and special attention was focused on the 
association of both the dopamine D4-receptor gene and the 
dopamine transporter gene (DAT1) with ADHD [5,6]. 

The association of the dopamine transporter with ADHD 
is of particular importance because this site is the main 
target for medications that are widely used by individuals 
with ADHD, such as methylphenidate, pemoline and dex-
amphetamine. Iron is a cofactor of tyrosine hydroxylase, the 
rate-limiting enzyme for dopamine synthesis [7]. Therefore, 
brain iron stores may influence dopamine synthesis and 
subsequently affect various behavioral features, in particular 
those described in people with ADHD.

Several studies were performed in recent years [8-12] to 
define the role of serum ferritin levels as a reliable measure of 
iron stores in body tissues, including the brain, in the absence 
of anemia in children with ADHD. Only a few of these found 
a correlation between low ferritin levels and the presence of 
ADHD [8-11] and one study was unable to confirm this 
observation [12].

Our hypothesis was that depleted iron stores measured 
by ferritin levels in the serum may have a causative role in 
children with ADHD. The purpose of the present study was 
to investigate a possible correlation between iron stores as 
measured by serum ferritin and the diagnosis of ADHD. 

suBJects and metHOds

The study was prospective and included all new consecutive 
patients during a 6 month period who were referred to the 
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Pediatric Neurology Clinic at Asaf Harofeh Medical Center, 
Zerifin, Israel, with a diagnosis of suspected ADHD, follow-
ing their agreement to participate. 

The children were diagnosed according to the DSM-IV 
TR criteria confirming the presence of symptoms in two 
settings, using Conners' Parents Rating Scale (CPRS) and 
Conners' Teachers Rating Scale (CTRS). The inclusion crite-
ria were children aged 6–16 years, attending regular schools, 
and not taking any stimulant medications. The exclusion 
criteria were chronic medical problems requiring medical 
treatment, such as asthma, epilepsy, etc., and hemoglobin 
below 10 g/dl.

Blood samples for hemoglobin, iron and ferittin were 
obtained from all the children. The range of assumed nor-
mal values of ferritin in our laboratory was 20–165 ng/ml; 
therefore, values < 20 ng/ml were recorded as low.

After taking a detailed history, examining the patients 
and evaluating all available data, a treatment plan was sug-
gested to the family based on the clinical features of ADHD 
symptoms. Treatments included behavioral modification, 
academic support, and medication. The ethics committee of 
our facility approved the study. 

Statistical analysis was performed using SPSS software. 
The Pearson test was used for correlations between symptom 
severity and serum ferritin levels.

results

The number of children eligible to be included in the study 
was 146, of whom 33 were excluded because of refusal by 
their parents to participate. The study group thus comprised 
113 children: 87 (75.6%) boys and 26 (24.4%) girls aged 6–15 
years (mean age 8.8 ± 2.7), all of whom met the above men-
tioned criteria. 

Table 1 shows the hemoglobin, ferritin and iron levels and 
Conners’ scores of the study group. There were no significant 
statistical differences between the age groups for these values. 
Sixty-seven children (59%) had ferritin levels below 20 ng/ml 
and 46 (41%) had ferritin levels above 20 ng/ml.

Table 2 compares these two groups (< 20 and > 20 ng/
ml) in terms of several factors, including gender, mean age 
distribution, and mean hemoglobin, iron and ferritin levels. 
No statistical difference was found between the groups, 
except for a very weak inverse correlation between Conners’ 
scores and ferritin values, which most likely had no clinical 
significance.

discussiOn

The role of iron deficiency has been demonstrated in various 
neurologic and developmental disorders in both laboratory 
and clinical studies [13]. The relationship of iron deficiency to 
developmental delay and cognitive deficits with and without 
anemia has been a focus of many studies in both developed 
and developing countries [14,15]. Serum ferritin reflects 
the status of iron stores in the body: only when the level is 
below 10 ng/ml are bone marrow stores depleted and anemia 
develops [16]. 

In 1997, Sever et al. [8] presented a preliminary report on 
14 boys aged 7–11 years with ADHD who were treated with 
an iron preparation, 5 mg/kg/day, for 30 days. Blood samples 
of ferritin, as well as their parents’ and teachers’ reports were 
obtained before and after treatment. The results showed a sig-
nificant increase in serum ferritin levels (from mean ± SD 25.9 
± 9.2 to 44.6 ± 18 ng/ml) and a significant decrease in symp-
toms according to the parents’ reports only. In 2004, Konofal 
et al. [9] compared iron levels in 53 ADHD children, aged 
4–14 years, with iron levels in a control group matched for age 
and gender. Serum ferritin levels were used as a parameter for 
iron stores, and Conners’ scores were used to measure ADHD 
symptom severity. The results showed that the mean serum fer-
ritin levels were low in 84% of the children with ADHD (mean 
23 ± 13 ng/ml) as compared to 18% of controls (mean 44 ± 22 
ng/ml). In addition, low serum ferritin levels correlated with 
more severe ADHD symptoms and greater cognitive deficits. 
The authors concluded from their results that low iron stores 

all subjects

No. of children 113

Males (%) 87 (75.6%)

Mean age (SD, yrs) 8.8 (2.7)

Mean hemoglobin (SD, g/dl) 12.9 (0.84)

Mean iron (SD, ng/ml) 70.5 (31)

Mean ferritin (SD, ng/ml) 20.8 (12.3)

Mean Conners’ score (SD) 18 (4.4)

table 1. Hemoglobin, iron and ferritin levels, and Conners’ scores 
in the study group 

P value
High ferritin 
(> 20 ng/ml)

low ferritin 
(< 20 ng/ml)

4667No. of children

0.1832 (69.6%)55 (82.1%)Males (%)

0.29.2 (2.6)8.6 (2.7)Mean age (SD, yrs)

0.9312.88 (0.84)12.86 (0.85)Mean hemoglobin (SD, g/dl)

0.1164.9 (26)74.6 (33)Mean iron (SD, ng/ml)

31.2 (13.2)13.6 (3.5)Mean ferritin (SD, ng/ml)

25 (20–79)14 (4–19)Median ferritin (range, ng/ml)

0.1518.7 (4.2)17.5 (4.5)Mean Conners’ score (SD)

table 2. Comparison of factors in children diagnosed with ADHD 
and grouped according to low and high serum ferritin levels
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similar in all age groups. There was no strongly significant 
statistical correlation between ferritin levels and symptom 
severity, as described by Mllichap and co-researchers [12] 
and in contrast to the results of Konofal et al. [9] and Juneja 
et al. [10].

The variability of the results in the different studies may 
reflect differences in age, gender, race/ethnicity and nutri-
tional status due to socioeconomic conditions as well as the 
contribution of other factors, such as type of symptoms and 
associated comorbidity, that may have some influence on 
ADHD features. 

Only one study [11] examined the effects of iron supple-
mentation on ADHD in children. In this study 23 non-anemic 
children aged 5–8 years with serum ferritin levels below 30 
ng/ml were randomized (3:1 ratio) to treatment with either 
oral iron supplements (ferrous sulphate, 80 mg/day, n=18) or 
placebo (n=5) for 12 weeks. There was a significant progres-
sive decrease in the ADHD rating scale after 12 weeks on 
iron, but not in the placebo group; however, improvement on 
Conners' Parent Rating Scale and Conners' Teacher Rating 
Scale with iron supplementation therapy failed to reach sig-
nificance. The limitations of this study was the small sample, 
particularly that of the placebo group.

The results of most studies, including the present one, sup-
port the hypothesis that depletion of iron stores, although 
not so severe as to cause anemia, may be related to the 
pathophysiological processes underlying the development 
of ADHD symptoms. Other studies [17,18] have suggested 
that lower ferritin levels are associated with higher rates 
of behavioral problems and that the presence of comorbid 
conditions might increase the effect of lower iron stores on 
behavioral measures. 

The absence of a control group and the size of the study 
group are points of weakness in the design of the present 
study. Larger samples are required to investigate the possibil-
ity that in the population at large, the same proportion of 
normal children without ADHD have low levels of ferritin as 
found in the different study groups of children with ADHD.

Recently, it was suggested that low levels of iron and zinc 
might be associated with ADHD since both are related to 
dopamine metabolism [20]. Since ADHD constitutes a het-
erogeneous group of conditions with different features and 
clinical expressions, it may be assumed that depleted iron 
stores, as reflected by a significant low level of ferritin, are not 
a constant finding in every child with ADHD.

In conclusion, we suggest that ferritin, as a marker for iron 
stores, be included in all baseline evaluations of children with 
clinical presentation of ADHD. Furthermore, children with 
ferritin levels below 20 ng/ml should be required to undergo 
a careful dietary iron evaluation, followed by a diet that fea-
tures appropriate amounts of iron sources. Additional larger 
controlled double-blind trials are necessary to demonstrate 

may contribute to ADHD and that children with ADHD may 
benefit from iron supplementation. 

Millichap and colleagues [12] investigated the role of iron 
deficiency in ADHD by including serum ferritin in a battery 
of laboratory tests performed in 68 consecutive children aged 
5–16 years seeking treatment at a clinic for attention deficit 
disorder. Serum ferritin levels ranged from a low of 7.7 ng/
ml to a high of 150 ng/ml. The mean serum ferritin level in 
children with ADHD (39.9 ± 40.6 ng/ml) was not different 
from that of the control group (44 ± 22 ng/ml) reported by 
Konofal et al. [9] or the U.S. national control data. However, 
74% of the patients in Millichap’s study [12] had serum fer-
ritin levels below 50 ng/ml, 44% had levels below 30 ng/ml, 
and 18% had serum ferritin levels below 20 ng/ml. None of 
the children showed evidence of iron deficiency anemia. 

In our study, a comparison of the clinical characteristics of 
the 12 children with the lowest serum ferritin levels (< 20 ng/
ml) and the 12 with the highest levels (> 60 ng/ml) revealed 
no significant difference in severity or frequency of ADHD 
and comorbid symptoms, or in response to medications. In 
this patient cohort study, a causative role for low serum fer-
ritin was not confirmed. Nevertheless, because therapy with 
iron has been beneficial for some neurologic disorders despite 
the absence of anemia, a controlled trial of ferrous sulphate 
supplement may be justified in ADHD children with ferritin 
levels below 20 ng/ml.

In another recently published controlled case study from 
India [10], serum ferritin levels were measured in children 
newly diagnosed with ADHD and compared with those of 
controls. A correlation was sought between serum ferritin lev-
els and ADHD symptom severity as determined by Conners’ 
Rating Scale. Serum ferritin was found to be significantly lower 
in children with ADHD (mean ± SD 6.04 ± 3.85 ng/ml) as com-
pared to controls (mean ± SD 48 ± 41.64 ng/ml). There was also 
a significant inverse correlation between serum ferritin levels 
and oppositional subscores on Conners’ Rating Scale.

The assumed low normal values of ferritin suggesting the 
presence of iron deficiency are variable in different studies 
investigating its relationship to ADHD, ranging from 12 ng/
ml [10,17,18] to 30 ng/ml [12]. The value of 20 ng/ml as a low 
normal in our study represents an average of the values that 
were used in the other studies.

Recently, a new computerized continuous performance 
functions test [19], which includes a multitask approach, 
was found to be a valid and reliable tool for the diagnosis of 
ADHD in children and may be used for better assessment in 
future studies. 

Our results support the assumption that iron status may 
play a role in the pathophysiological processes underlying 
ADHD. The majority of the children (59%) had ferritin levels 
below 20 ng/ml with no significant difference between the 
age groups. Moreover, hemoglobin and iron values were also 
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the value of iron supplements in treating ADHD children 
with depleted iron stores as reflected by low ferritin levels.

corresponding author: 
dr. e. lahat
Pediatric Neurology Unit, Asaf Harofeh Medical Center, Zerifin 70300, Israel
Phone: (972- 8) 977-9166
Fax: (972-8) 977-9945
email: elahat@asaf.health.gov.il

references
American Academy of Pediatrics, Committee on Quality Improvement, 1. 
Subcommittee on Attention-Deficit/Hyperactivity Disorder. Clinical practice 
guideline: diagnosis and evaluation of the child with attention-deficit/
hyperactivity disorder. Pediatrics 2000; 105: 1158-70.

Biederman J. Attention-deficit/hyperactivity disorder: a selective overview. 2. 
Biol Psychiatry 2005; 57: 1215-20. 

American Psychiatric Association. Diagnostic and Statistical Manual of 3. 
Mental Disorders (DSM- IV), 4th edn. Washington DC: American Psychiatric 
Association, 1994.

Biderman J, Faraone S. Attention-deficit/hyperactivity disorder. 4. Lancet 2005; 
366: 237-48.

Swanson JM, Kinsbroune M, Nigg J, et al. Etiologic subtypes of attention- 5. 
deficit/hyperactivity disorder: brain imaging, molecular genetic and 
environmental factors and the dopamine hypothesis. Neuropsychol Rev 2007; 
17: 39-59.

Faraone SV, Perlis RH, Doyle AE, et al. Molecular genetics of attention  6. 
deficit/hyperactivity disorder. Biol Psychiatry 2005; 57: 1313-23.

Sachdev P. The neuropsychiatry of brain iron. 7. Neuropsychiatry Clin Neurosci 
1993; 5: 18-29.

Scarring can serve the valuable purpose of reestablishing 
tissue integrity after damage. This immediate response 
to damage can, however, interfere with slower but more 
effective tissue repair processes. In the central nervous 
system, the scars left after damage to neuronal tracts 
have been thought to be derived from astrocytes, a type 
of glial cell. Göritz et al. identified pericytes as important 
contributors to scars in neural tissue. Pericytes, usually 

found wrapping small blood vessels, are already known for 
their contributions to scars in dermal and kidney tissues. A 
subgroup of pericytes formed the core of scars after spinal 
cord damage in the mouse, and when the contribution of 
pericytes was reduced, the lesion was more likely to remain 
unclosed.

Science 2011; 333: 238
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Pericytes in neuronal scarring

Autophagy receptors bind both ubiquitin and autophagy 
markers, including microtubule-associated protein light 
chain 3 (LC3), and promote the specific clearance of 
protein aggregates, defective organelles, and intracellular 
pathogens. Wild and co-researchers describe optineurin 
(OPTN) as an autophagy receptor whose function is 
regulated by phosphorylation of its LC3-interacting motif. 
Phosphorylation by the protein kinase Tank binding kinase 1 

(TBK1) increased the affinity of OPTN for autophagy modifiers 
by 13-fold. OPTN is also a ubiquitin-binding protein and 
was recruited to cytosolic Salmonella to promote bacterial 
clearance via the autophagy pathway. Thus, TBK1 and OPTN 
represent critical components of the cell defense system for 
restricting the growth of bacteria in the cell. 
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Optineurin in autophagic bacterial clearance




