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Objective: In this study, we aimed to evaluate the serum hepcidin levels in attention deficit hyperactivity disorder
(ADHD) patients that were newly diagnosed with no history of psychotropic drugs.
Methods: A total of 70 ADHD patients and 69 healthy controls were enrolled in our study. During the diagnosis, the
Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime version were applied.
The sociodemographic data form, Turgay DSM-IV-Based Child and Adolescent Behavior Disorders Screening and Rating
Scale, and Conners’ Rating Scales-Revised: Long Form were used for the clinical evaluation. Serum hepcidin levels
were measured and compared between the groups.
Results: No significant difference between the groups in terms of age (p =0.533) and gender (p =0.397) was determined.
In addition, the groups did not differ significantly for the other sociodemographic variables recorded. Serum hepcidin
levels were found to be significantly higher in the patients with ADHD than healthy controls (p =0.019).
Conclusion: To the best of our knowledge, this study is the first to evaluate the total serum hepcidin levels in ADHD
patients. Our study findings may suggest that high levels of hepcidin may cause iron dysregulation in ADHD patients.
However, further studies are required to establish a definite conclusion.
KEY WORDS: Adolescent; Attention deficit disorder with hyperactivity; Child; Hepcidins; Iron.

6)
may lead to ADHD symptoms accordingly. Iron deficiency is also thought to be associated with ADHD due to
the following factors: 1) iron is the major cofactor of tyrosine hydroxylase enzyme, which is a rate-limiting step
7)
in dopamine synthesis ; 2) iron deficiency has been
shown to affect dopamine receptor density and transport
in the brain in animal researches8,9); and 3) iron deficiency
causes functional impairment in dopamine-rich basal
ganglia,10) which is thought to have an important role in
11)
the formation of ADHD. Iron deficiency has been
shown to affect cognitive, motor, social and emotional
functions in children12) and is therefore, thought to have a
13)
role in ADHD pathophysiology.
The number of studies conducted to gain a better understanding of the relationship between iron deficiency
and ADHD pathophysiology has increased in recent
13,14)
Serum iron ferritin levels, which are considered
years.
reliable indicators of body iron deposits, are mainly used
to determine iron deficiency in these studies. However,
the results of current studies on ferritin and ADHD are
controversial. In some of these studies, a significant rela-

INTRODUCTION
Attention deficit hyperactivity disorder (ADHD) is the
most common neuropsychiatric disorder in childhood.
The mean prevalence of this disorder was found to be
1)
5.9% in a recent meta-analysis study. Although ADHD
has been described as a clinical condition for many
2)
3)
years, its etiology is still unclear. However it is commonly considered to develop as a result of interactions
between genetic and environmental factors.4)
Iron is a key element in the body and has an important
role in many biological events, including basic brain
function.5) Iron deficiency has been shown to affect catecholamine metabolism, particularly in dopamine, and
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tionship between ADHD and low serum ferritin levels has
15-23)
whereas some reports have found no
been observed,
24-29)
significant relationship.
Due to these inconsistent results in existing studies,
molecules such as hepcidin, which regulates body iron
metabolism, have been recommended to determine the
relationship between ADHD and iron deficiency rather
than ferritin, which is an indicator of peripheral iron
13)
deposits.
A review of the literature on iron and ADHD have
shown that there are two studies that evaluate brain iron
levels of ADHD patients through magnetic resonance
21)
imaging (MRI). In a study by Cortese et al., thalamic iron
levels in the ADHD group were found to be significantly
lower than the healthy controls. In addition, the authors
reported that there was no significant correlation between
the brain iron levels and serum ferritin levels. Interestingly,
low thalamic iron levels might have a role in the patho30)
physiology of ADHD. In another study, Adisetiyo et al.
compared the brain iron indices of medication-naive
ADHD patients with brain iron indices of psychostimulant-treated ADHD patients and completely healthy control groups using MRI. In the aforementioned study, the
iron indices of striatal and thalamic regions of medication-naive ADHD patients were found to be significantly lower than the other two groups. Interestingly,
there was no significant difference in brain iron indices
between ADHD patients treated with psychostimulants
and healthy control group. Therefore, the authors concluded that the iron homeostasis in the brains of cases
with ADHD might be impaired, considering the fact that
the brain iron is highly related to the dopaminergic
31)
system.
32)
In 2001, Park et al. found a new peptide with liverderived (hep-) and in vitro antibacterial properties (-cidin)
in the urine in their studies. Therefore, they named this
molecule hepcidin (hepatic bactericidal protein). Currently,
hepcidin is accepted as the main hormone in the regu33)
lation of iron metabolism. Hepcidin is expressed predominantly in the liver32,34); however, studies have also
determined that hepcidin is distributed widely in the
35)
brain. Hepcidin is expressed in the olfactory bulb and
various brain regions including cortex, hippocampus,
amygdala, thalamus, hypothalamus, mesencephalon,
35,36)
Considering hepcidin funccerebellum and pons.
tions in the peripheral tissues, it may be thought that this

peptide may also play a central role in the homeostasis of
brain iron. In an animal study, astrocytes have been found
to reduce iron uptake and release when hepcidin is administered to astrocytes or when astrocytes are infected
with an adenovirus expressing hepcidin. It has been suggested that hepcidin may act to reduce the expression of
iron transport proteins such as transferrin receptor 1
(TfR1), divalent metal transporter 1 (DMT1), and
37)
Ferroportin 1 (FPN1).
To the best of our knowledge, there is no study investigating the relationship between ADHD and hepcidin in
the literature. In the present study, we aimed to evaluate
serum hepcidin levels of ADHD patients that were newly
diagnosed and had no previous history of psychotropic
drug use. We also evaluated iron-related parameters such
as ferritin, serum iron, and iron binding capacity in these
patients and compared our findings to healthy volunteers.

METHODS
Study Design
The study was conducted at the Department of Child
and Adolescent Psychiatry in Firat University between
December 2014 and October 2016 in accordance with
the Declaration of Helsinki (International Committee of
Medical Journal Editors, 1989). Prior to participation in
this study, the parents of participants provided written informed consent. The Firat University Ethics Committee
approved the protocol and informed consent forms for the
study (No. 13.01.2015-01-09).
Participants
A total of 139 subjects, 70 of whom were drug free
ADHD children and 69 of whom were healthy controls,
were enrolled in the study. The patient group included
volunteers: 1) who presented to the Child and Adolescent
Psychiatry Outpatient Clinic in Firat University with
ADHD symptoms; 2) who were between the ages of 7 to
15 years; and 3) who met the study criteria. The healthy
control group included children of the hospital staff or
volunteer families with consideration for the age and sex
distribution of ADHD group. The socio-demographic
characteristics of all cases were recorded on a data form
prepared by the researchers.
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Procedures
Psychiatric evaluation and diagnosis
In the diagnostic phase, teachers and parents of the
children completed the following forms: Turgay DSM-IVBased Child and Adolescent Behavior Disorders Screening
and Rating Scale (T-DSM-IV-S) (Parent-Teacher), Conners’
Parent Rating Scale-Revised: Long Form (CPRS-R:L), and
Conners’ Teacher Rating Scale-Revised: Long Form
(CTRS-R:L). The CPRS-R:L and CTRS-R:L ADHD were
used to evaluate symptom severity. The sociodemographic data forms developed by the researchers were filled out by all participants. Demographic and clinical
characteristics, including age, sex, and body mass index
(BMI) were recorded.
To diagnose ADHD and other comorbidities in accordance with the Diagnostic and Statistical Manual of Mental
Disorders 4th edition (DSM-IV) criteria, an experienced
child psychiatrist performed the Schedule for Affective
Disorders and Schizophrenia for School Age ChildrenPresent and Lifetime Version (K-SADS-PL). All participants were also evaluated according to the Diagnostic
and Statistical Manual of Mental Disorders 5th edition
(DSM-5) diagnostic criteria. The Wechsler Intelligence
Scale for Children–Revised Short Form (WISC-R) was used
to determine the intelligence level of the cases.
Patients were excluded from the study for the following:
low intelligence quotient (IQ) below 80 via WISC-R; diagnosis with comorbid psychiatric disorder by K-SADS-PL; a
history of psychotropic drug use (including ADHD treatment); acute or chronic systemic diseases; history of head
trauma during birth or later; infection during the last
month and at the time of assessment; used iron preparations in the last month; and anemia where the hemoglobin level was less than 12 mg/dl via blood test. The
healthy control group included children of hospital staff
or volunteer families with consideration for the age and
sex distribution of the ADHD group. All of the assessments and exclusion criteria that were given to the patient
group (K-SADS-PL, WISC-R, clinical assessment scales)
were also applied to the healthy control group.
Instruments used in psychiatric evaluation
K-SADS-PL
A semi-structured interview form developed by Kaufman

et al.38) was used to determine past and present psychopathologies of children and adolescents according to DSM-IV
diagnostic criteria. A validity and reliability study was pre39)
viously conducted for Turkish samples.

Socio-demographic Data Form
This form was developed to determine the socio-demographic characteristics of the cases included in the study.
Data included in the form were as follows: for children;
age, sex, neuromotor development stages, BMI, literacy
learning time, academic achievement, and medical history; for their first/second-degree relatives; education level, occupation, marital status, monthly family income, living place of the parents and psychiatric/medical genealogical information.
T-DSM-IV-S (Parent-Teacher)
This scale was developed by transforming the DSM-IV
criteria into a questionnaire form without changing the
meaning.40) It consists of 9 articles questioning inattention, 6 articles questioning hyperactivity, 3 articles questioning impulsivity, 8 articles questioning oppositional
defiant disorder, and 15 articles questioning conduct
disorder. It was filled out by the mother/father, and teachers of the children considered to have a diagnosis of
ADHD before the clinical interview. The options for each
article were as follows: 0=no, 1=little, 2=much, 3=very
much. The validity and reliability study was conducted by
41)
Ercan et al.
CPRS-R:L
42)
This scale was developed by Conners et al. and has
been used to evaluate parents’ observations about a
child’s behavior in non-school environments. The Turkish
validity and reliability study for the scale was conducted
43)
by Kaner et al. The scale consists of a total of 80 articles
and 14 sub-scales (i.e., oppositional, cognitive problems/
inattention, hyperactivity, anxious/shy, perfectionism, social problems, psychosomatic, ADHD index, Conners’
global index-restless/impulsivity, Conners’ global indexemotional lability, Conners’ global index-total, DSM-IVinattention, DSM-IV-hyperactivity/impulsivity, and DSMIV-total). The questions are answered by both the mother
and the father on 4 point Likert scale.
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CTRS-R:L
This scale was developed to evaluate the classroom be44)
havior of students. The Turkish validity and reliability
study for this scale was conducted by Kaner et al.45) The
scale consists of 59 articles and 13 sub-scales (i.e., oppositional, cognitive problems/inattention, hyperactivity,
anxious/shy, perfectionism, social problems, ADHD index, Conners’ global index-restless/impulsivity, Conners’
global index-emotional lability, Conners’ global indextotal, DSM-IV-inattention, DSM-IV-hyperactivity/impulsivity,
and DSM-IV-total). The questions are answered by the
child’s teacher on a 4 point Likert scale.
WISC-R
This scale measures the intelligence levels of children
between the ages of 6 and 16. It was adapted for the
Turkish culture by Savaşır and Şahin.46)
Biochemical measurements
After undergoing a psychiatric evaluation, all cases
were sent to the Firat University Hospital Biochemistry
Laboratory for biochemical measurements. A 6.5 ml of
fasting venous blood was taken from all cases between
08:30 AM to 10:30 AM for the evaluation of hemogram,
iron, total iron binding capacity (TIBC), and ferritin levels.
A 4 ml of blood was collected in a standard biochemistry
tube and 2.5 ml of blood was put into a tube containing
ethylenediaminetetraacetic acid (EDTA), and the tubes
were mixed well. Next, the blood samples were transferred into standard biochemistry tubes, and after 15 minutes, serum was obtained by centrifuging for 5 to 10 minutes at 4,000 rpm. Iron, iron binding capacity and ferritin
levels were measured. Iron and iron binding capacity
were determined with Siemens branded commercial kits
in Siemens branded fully automatic autoanalyzers
(ADVIA 2400, Clinical Chemistry Autoanalyzer; Siemens
Co., Munich, Germany). Ferritin levels were measured using a chemiluminescence method with Siemens branded
commercial kits in Siemens branded fully automatic hormone analyzers (CENTAUR XP, Hormone Analyzer;
Siemens Co.).
Hemogram measurements were performed on the
EDTA blood samples in fully automatic blood count devices (HORIBA ABX Hematology Analyzer; HORIBA Ltd.,
Kyoto, Japan) without delay. Hematocrit, hemoglobin,
red blood cell (RBC) count, mean corpuscular volume

(MCV), and red cell distribution width (RDW) were evaluated in hemogram. The results of the blood parameters
from all of the cases were evaluated by an experienced biochemistry and clinical biochemistry specialist.
Hepcidin was measured by ELISA (YHB 1535 EIA kit;
Shanghai Yahya Biological Technology Co. Ltd., Shanghai,
China) according the manufacture’s protocol. Intra-assay
coefficient of variation was less than 10% and the inter-assay was less than 12%. The assay range was 10 to
4,000 pg/ml.

Statistical Analysis
SPSS for Windows statistical package version 22.0 (IBM
Co., Armonk, NY, USA) was used for all statistical
analyses. All numerical data were expressed as means
and standard deviations, while all categorical data were
expressed as frequencies and percentages. A chi-square
test for categorical variables was used to determine significant differences between groups, while an independent sample t test was used to make comparisons between two groups. A level of p＜0.05 was determined for
statistical significance.

RESULTS
Socio-demographic Data
Socio-demographic data of the ADHD group and the
healthy control group are presented in Table 1. The mean
age of the ADHD group was 10.91 years (standard deviation [SD], 2.80) and was 10.62 years (SD, 2.69) in the
control group (p =0.533). The ADHD group was 64.3%
male, and the control group was 71% male (p =0.397). In
addition, there were no significant differences between
the ADHD and control groups in terms of BMI, total IQ,
monthly family income, living place, or parents’ education (Table 1).
Biochemical Data
Biochemical data of the ADHD group and the healthy
control group are presented in Table 2. The serum hepcidin level was 1,019.69 (SD, 916.63) pg/ml in the ADHD
group and 693.63 (SD, 682.83) pg/mL in the control
group (p =0.019). However, there were no significant differences between groups in terms of hematocrit, hemoglobin, MCV, RBC, RDW, serum ferritin, serum iron and
TIBC levels (Table 2).
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Table 1. Socio-demographic data of the ADHD and healthy control
groups
Characteristic

HC (n=69)

p value

10.62±2.69

0.533*
†
0.397

ADHD (n=70)

Age (yr)
10.91±2.80
Gender (%)
Man
64.3
Woman
35.7
2
Body mass index (kg/m ) 20.48±1.52
Total IQ
99.22±5.09
Family income (%), monthly
＜1,000 TL
8.6
1,001-2,000 TL
32.9
2,001-3,000 TL
37.1
＞3,001 TL
21.4
Living place (%)
City
60.0
Town
30.0
Village
10.0
Mother education (%)
No education
2.9
Elementary school
22.9
Secondary school
34.3
High school
28.6
University
11.4
Father education (%)
No education
1.4
Elementary school
4.3
Secondary school
25.7
High school
40.0
University
28.6

71
29
20.41±1.56
99.68±5.12

0.779*
0.603*
0.608†

8.7
39.1
39.1
13.0
†

0.480
69.6
21.7
8.7

0.974†
1.4
26.1
33.3
27.5
11.6
0.667†
0
1.4
23.2
46.4
29.0

Values are presented as mean±standard deviation or percent only.
ADHD, attention deficit hyperactivity disorder; HC, healthy control;
SD, standard deviation; IQ, intelligence quotient; TL, Turkish Lira.
†
*Independent-samples t test, chi-square test.

DISCUSSION
In our study, serum hepcidin levels were found to be
significantly higher in patients with ADHD than in the
control group. However, it is still unclear whether this is a
cause or an effect. Iron regulation may be negatively affected in periphery or in the central nervous system of the
cases with ADHD due to the high levels of hepcidin.
Nowadays, hepcidin is known as an iron-regulatory hormone having an essential role in iron homeostasis in pe33)
ripheral tissues. Hepcidin is expressed predominantly
in the liver.32,34) In addition, hepcidin is expressed in the
olfactory bulb and various brain regions including cortex,
hippocampus, amygdala, thalamus, hypothalamus, mes35,36)
Considering hepencephalon, cerebellum and pons.
cidin functions in peripheral tissues, this peptide may also
play a central role in the homeostasis of brain iron.

Table 2. Biochemical data of the ADHD and healthy control groups
Variable

ADHD (n=70)

Hematocrit (%)
40.67±2.87
Hemoglobin (g/dl)
13.53±1.02
MCV (fl)
82.92±4.39
RBC (M/l)
4.94±0.36
RDW (%)
13.88±1.05
Ferritin (ng/ml)
27.06±17.06
Serum iron (g/dl)
72.94±34.41
TIBC (g/dl)
364.60±55.86
Hepcidin (pg/ml) 1,019.69±916.63

HC (n=69)

p value*

40.90±2.59
13.56±0.67
83.34±3.48
4.95±0.33
13.94±1.21
27.97±18.05
74.59±33.93
360.07±44.32
693.63±682.83

0.632
0.857
0.539
0.833
0.759
0.761
0.776
0.598
0.019

Values are presented as mean±standard deviation.
ADHD, attention deficit hyperactivity disorder; HC, healthy control;
MCV, mean corpuscular volume; RBC, red blood cell count; RDW,
reticulocyte distribution width; TIBC, total iron binding capacity.
*Independent-samples t test.

According to the literature review, there are several studies suggesting that hepcidin may have a role not only in
the regulation of peripheral iron levels, but also in the regulation of iron levels in the central nervous sys36,37,47,48)
tem.
Preclinical studies have demonstrated that hepcidin
can control the amount of iron entering into the brain by
regulating the expression of iron-transporting proteins in
the endothelial cells of the blood-brain barrier.37,47) The
presence of iron transport, uptake, and release proteins in
the blood-brain barrier and neuronal and glial cells is
well-documented.49-51) FPN1, TfR1, and DMT1 can be
among those proteins.
Ferroportine, which is a transmembrane protein, is a receptor for hepcidin, and the only cellular iron dispenser
known in vertebrates.52) It secretes iron from cells to
53)
plasma. However, molecular regulation of iron secretion is carried out by hepcidin through ferroportin modulation. Hepcidin induces internalization of ferroportin
54)
through the cell surface. Ferroportin has been reported
to be present in the brain and neurons.55) Ferroportin is localized in most cell types, including neuronal pericaria,
axons, dendrites, and synaptic vesicles.50,56) In an animal
study, ferroportin-mRNA and ferroportin-protein expression were observed to be inhibited after the injection of
hepcidin in rats, and ferroportin expression was observed
to be decreased in cerebral cortex and hypocampus
neurons. The authors suggested that hepcidin may bind to
ferroportin in the brain to induce internalization and degradation of ferroportin. This action may block the cellular
36)
57)
iron flux from the neuron. In a study by Wang et al.,
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ferroportin expression was shown to be inhibited in the
murine brain that received hepcidin. According to these
findings in the literature, the high level of hepcidin observed in ADHD patients in our study was thought to affect the administration, use, and release of iron in the cell
by acting through ferroportin.
58)
Furthermore, DMT1 is a transmembrane protein. It is
a key protein for transmembrane iron transport as well as
iron translocation from endosomes. The regions, where
DMT1 excretion is high in brain, are the basal ganglion
nuclei such as caudate nucleus, putamen, and the pars re59)
36)
ticulata of the substantia nigra. In a study by Li et al.,
DMT1 protein upregulation was observed in rat brains injected with hepcidin. High hepcidin levels in the ADHD
group may negatively affect the iron transportation and
use by affecting DMT1 levels, which has a main role in
cellular iron homeostasis.
The exact mechanism whereby iron is transferred to the
brain remains unclear. However, the generally accepted
opinion is that iron enters the brain by binding to TfR1,
which are excreted on the luminal surfaces of brain capillary endothelial cells. Iron separates from transferrin following the receptor-mediated endocytosis, and then it is
transported either through the endosomal membrane, or
released from the brain capillary endothelial cells towards
55)
the brain parenchyma. In a previous report, the effects
of hepcidin on the uptake and release of transferrinbound iron (Tf-Fe) and non-transferrin bound iron (NTBI)
were investigated. As a result of the study, hepcidin was
observed to inhibit Tf-Fe and NTBI uptake and iron release in astrocytes. Additionally, hepcidin significantly
suppressed the expressions of TfR1 and DMT1 (which are
iron uptake proteins) and FPN1 (which is an iron release
protein). TfR1 expression was also found to be decreased
by hepcidin directly and through cAMP-protein kinase A
with iron-independent effect. Based on their findings, the
authors proposed that there might be a receptor for hepcidin on the surface of the astrocyte. Furthermore, hepcidin
may be effective in its action on this receptor. They pointed out that hepcidin could have effects in the regulation of
the iron balance in the brain cells as well as the amount of
37)
iron influx and efflux to the brain. In conclusion, high
hepcidin levels in ADHD patients may also affect iron regulation through alteration on TfR1 expression.
Taken together with the previous literature, the role of
hepcidin on impaired iron regulation in ADHD is very

intriguing.31) In our study, hepcidin levels in ADHD patients were found to be significantly higher than the
healthy control group. Certainly, our work should be reviewed with its limitations. One of the greatest limitations
of our study is the measured serum hepcidin levels.
Studies evaluating the levels of hepcidin in the brain
would yield better results. It may be helpful that to measure both peripheral and cerebral hepcidin levels simultaneously in future studies. Increasing the sample size may
also contribute to more objective results. Recently, the literature suggests that neurodevelopmental diseases such
60)
as ADHD might be related to gut microbiota. In our
study, there was no microbiological evaluation made in
ADHD cases. Future work would benefit from determining the association of the gut microbiota with ADHD.
Considering the antibacterial properties of hepcidin, assessment of intestinal microbiotics with hepcidin in
ADHD cases may provide a different perspective to the
disease. Interestingly, several studies suggest that restless
legs syndrome (RLS)/periodic limb movements (PLM)
61,62)
might be associated with both ADHD and hepcidin.
The ADHD cases in our study did not report any problems
related to RLS/PLM. However, detailed evaluation regarding to RLS/PLM has not been done and this may be regarded as a limitation to our work. Groups were strictly
selected and exclusion critiera was done to remove any
patients that had complications that would affect the level
of hepcidin (infections, hypoxia, etc.). We believe that
this was strength of our work.
In conclusion, serum hepcidin levels were found to be
significantly higher in patients with ADHD compared to
healthy controls. However, there is still a need for more
studies to determine whether hepcidin, which is considered as the main protein in the regulation of iron in the
body, plays a role in ADHD.
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