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Abstract

Background: Iron deficiency anemia (IDA) is a major public health issue leading to an increased risk of
child mortality and has a negative effect on cognition and physical development. It has been suggested as a pos-
sible cause of the Attention-deficit/ hyperactivity disorder (ADHD). So we decided to estimate prevalence of

iron deficiency anemia in children with this disorder.

Methods: A total of 295 children and adolescents with ADHD aged 3-18 based on DSM-IV diagnostic crite-
ria after parental consent enrolled the study and 5 ml blood was taken to measure hematological parameters.

Results: The mean+SD age of children was 7.6+3.54 years. Forty-five point one percent of boys and 49.1%
girls had serum ferritin levels lower than normal and 19.7% had extremely low serum ferritin level.

Conclusion: Low levels of ferritin may be associated with ADHD symptoms and suggest that children with

this disorder screening and treatment for anemia.
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Background

Attention-deficit/hyperactivity disorder(ADHD)
is one of the most common psychiatric disorders
in children and is characterized by inappropriate
impulsivity, hyperactivity, inattention and altered
executive functions (1). The worldwide rate of
ADHD is 5 to 10 percent of school age children
and it is more common in boys (2, 3). ADHD is
multifactorial and the exact etiology is unknown,
but studies have suggested genetic factors, brain
injuries, low birth weight, imbalance of neuro-
transmitters, heavy metal toxicity, nutritional defi-
ciencies (such as iron) are responsible in the etiol-
ogy of this disorder (4-6).

Iron deficiency (ID) and Iron deficiency anemia
(IDA) is expressed as a major worldwide nutri-
tional concern especially in developing countries
(7, 8). Among the numerous biological effects of
iron, there is considerable evidence that iron is
important for neurological functioning and devel-
opment in the brain (9, 10), so the ID is raised in

9

the pathogenesis of a number of psychiatric disor-
ders, including ADHD (11-13). Iron has a major
role as a coenzyme in the synthesis of neurotrans-
mitters, such as the role of coenzyme in trypto-
phan hydroxylase (serotonin) and tyrosine hy-
droxylase (norepinephrine such as dopamine) (14-
16). Also, studies have shown that iron deficiency
affects dopamine levels in substantia Niagra and
putamen, alters dopamine receptor density and
activity in animals; noticing that dopamine deficit
theory is the most widely accepted in ADHD (16).

Some studies have shown that ferritin (a marker
of iron stored) decreased in children with ADHD,
and this decrease inversely correlated with the se-
verity of the symptoms (12, 13). The Konofol et al
study shows that significantly lower serum ferritin
levels have been observed in children with atten-
tion deficit hyperactivity disorder, almost 90 per-
cent of attention deficit hyperactivity disorder
children had serum ferritin levels of 30 ng/ml,
compared with18% of controls, and all children in
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their study had normal hemoglobin levels (11) but
Millichap et al. found a proportion of children
with ADHD with relatively low levels of ferritin
suggestive of iron deficiency, but without a specif-
ic relationship to the ADHD symptoms (17), and
Sever et al., reported that supplementation of 5
mg/kg of iron to 14 ADHD children for 30 days
resulted in increased serum ferritin level and re-
duced scores of ADHD based on Conner's Rating
Scale (12).

ID can have a major and long term impact on
child health and according to the hypothesis of the
pathogenesis and severity of the disorder associat-
ed with iron deficiency, we decided to estimate the
prevalence of iron deficiency and iron deficiency
anemia in children with ADHD in the Tabriz in
North West of Iran.

Methods

The sample was enrolled from the child and ad-
olescent Psychiatry Clinics of Tabriz University of
Medical Sciences. The inclusion criteria were
children aged 3-18 years with a diagnosis of
ADHD according to the DSM-IV criteria that do
not take iron supplementation during the past year.
Children with co-morbid psychiatric and serious
medical disorders were excluded. The objectives
of the study were explained to the parents and fi-
nally 295 children and adolescents with ADHD
(236boys and 59 girls) with parental consent were
enrolled in the study. Five ml fasting venous blood

was taken from each child to measure hemoglobin
(Hb), hematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin  concentrate
(MCHC), serum ferritin (SF), serum iron, total
iron binding capacity (TIBC), red blood cells
count (RBC), and red cell distribution width
(RDW).

Cut-off points were determined based on the
WHO recommendations and studies:

Hemoglobin: 3 to 11 years old (< 11.5g/dl), 12
to 14 years old (< 12g/dl), over 15 years old (<
13g/dl); Ferritin: < 30 ng/mL; RDW: > 14.5%;
iron serum: <55ug/dL; TIBC: >400ug/dL; MCV<
77 fl and MCHC< 31 g/dl. The results were ana-
lyzed by Statistical Package for the Social Scienc-
es Version 16.0 (SPSS). Continuous variables (e.g.
hematologic variables) were described through
mean and standard deviation (symmetrical distri-
bution) or median and interquartile range (asym-
metrical distribution). Continuous data were pre-
sented as mean = standard deviation (SD) or medi-
an +interquartile range. Categorical data (e.g. gen-
der) were described as absolute and relative fre-
quencies.

Results

Mean+ standard deviation age of the partici-
pants was 7.60+3.54 years. Eighty percent (236) of
children and adolescents were boys and 20.0%
(59) were girl. Table 1 shows the mean and stand-

Table 1. Hematological and iron indices in ADHD children by sex

Variables Boy Girl Total

Hb (g/dl)* 13.51+ 1.07 13.25+0.95 13.45+1.05
HCT (%) * 40.84+ 3.07 40.59+3.08 40.79+ 3.06
MCV (f1)* 27.95 (27,29.10) 28.00 (26.8, 29.5) 84.67+ 5.45
MCH (pg) ** 27.95+2.16 28.00+ 2.51 27.96 (27, 29,20)
MCHC (g/d)* 33.07+ 1.51 32.69+ 1.87 33.00 £ 1.57
RBC/p ** 4.84 (4.55,5.10) 4.75 (4.48, 4.96) 4.82 (4,53, 5.08)
Serum iron (pg/dl)* 87.46+ 28.72 80.06+ 31.61 81.57+31.22
Serum ferritin (ng/ml)** 40.41 (19.03, 48.68) 37.26( 18.6, 50.92) 39.79 (19.02, 48.72)
TIBC (pg/dl)* 351.51+ 60.95 349.78+ 54.54 350.46+55.87

Hb: hemoglobin, HCT: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular he-
moglobin concentrate, RBC: red blood cells count, TIBC: total iron binding capacity.
* expressed as mean + SD. ** expressed as median (percentile 25, 75).

Table 2. Laboratory measures and cut-off scores of iron deficiency

Variables Boys Girls Total
% (n) % (n) % (n)
Hb 5.5(13) 10.2 (6) 6.4 (19)
Ferritin 44.3 (104) 49.2 (29) 45.1 (133)
Serum iron 19.1 (45) 10.2 (6) 17.3 (51)
TIBC 12.9 (30) 22(13) 14.8 (43)
MCV 6.4 (15) 6.8 (4) 6.4 (19)
MCHC 8.9 (21) 22 (13) 11.5(34)
RDW 25.8 (61) 18.6 (11) 24.4 (72)

Hb: hemoglobin, MCV: mean corpuscular volume, MCHC: mean hemoglobin concentrate, TIBC: total iron binding capacity.red Cell Distri-
bution Width (RDW)
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ard deviation (for normally distributed data) and
mean and percentiles (for not normally distribut-
ed data) of examining parameters in ADHD chil-
dren by sex. Almost mean or median of all the
parameters were similar in boys and girls and
there was no significant difference between them
(not shown in table). In Table 2, the frequency and
percentage of children with abnormal blood pa-
rameters were shown. Anemia based on hemoglo-
bin levels was seen in 5.5% of boys and 10.2% of
girls. Forty-five point one percent of boys and
49.1% girls had serum ferritin levels lower than
normal. In total, 45.1% of children had serum fer-
ritin below 30. The minimum and maximum se-
rum ferritin were 1.10 and 228.30. If serum ferritin
levels below 15 were considered as extremely low
iron stores, 58 subjects (19.7%) had extremely low
serum ferritin level (data not shown in Table 2.

Fifty one subject (17.3%) presented serum iron
below 55g/dL, 43 (14.8%) >TIBC 400, 19 (6.4%)
<mcv 77F1, 72 (24.4%) > RDW 14.5% and 34
(11.5%) had values of MCHC <31%.

Discussion

In our study, about 7% of children with ADHD
were anemic, considering the hemoglobin index as
the cutoff point for anemia. Konofol et al’s study
on 53 ADHD and 27 healthy children revealed
that all children had normal hemoglobin and there
were no significant differences between the two
groups (11). Ferritin has been proposed as an indi-
cator of iron deficiency and was allocated the larg-
est decrease percentage in our study. Almost 50%
of children in this study had serum ferritin levels
below 30 and 19.7% had extremely low serum
ferritin level. In Juneja et al’s study that was con-
ducted in 2010, ferritin levels in children with
ADHD was lower than healthy children and there
was a significant negative correlation between se-
rum ferritin levels and oppositional subscore based
on Conner's rating scale(18), In contrast, in the
study by Millichap et al, the serum ferritin level in
ADHD children was not different from the control
children(17). Sever et al found increased serum
ferritin levels and decreased ADHD symptom
scores in children with ADHD after iron supple-
mentation and suggesting that no anemic children
with ADHD may benefit from iron supplementa-
tion(12). In a systematic review and meta-analysis
review of the iron status of children with ADHD
in 2017, it was concluded that serum ferritin levels
rather than serum iron may be associated with this
disorder(19).

Serum ferritin is a more sensitive marker which
can be detected at the early stage of iron deficien-
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cy even without anemia and due to the high preva-
lence of decreased plasma ferritin levels in chil-
dren with ADHD, the hypothesis can be consid-
ered that low ferritin levels might decreased do-
paminergic function in the brain.
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