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Abstract

Background—The aim of the present paper was to investigate the relationship between
behavioral symptoms and attentional and executive functions and hematological variables related
to iron deficiency and anemia, ferritin, hemoglobin, mean corpuscular volume (MCV), and red
cell distribution width (RDW) in children and adolescents with attention deficit—hyperactivity
disorder (ADHD).

Methods—The sample consisted of 52 ADHD children (42 boys, 10 girls; age 7-13 years; mean
+ SD, 9.9+2.1 years). Conners Parent and Teacher Rating Scales were obtained. The
neuropsychological test battery included Wisconsin Card-Sorting Test (WCST), Stroop,
Continuous Performance Test, Digit Symbol and Digit Span subtests of the Wechsler Intelligence
Scale for Children Revised (WISC-R), and Trail Making Test A and B, which taps abstraction —
flexilibity (WCST), sustained attention (CPT), mental tracking and complex attention (WISC-R
Digit Span, Digit Symbol, Trail Making A and B) and interference control (Stroop). Multiple
linear regression was used to evaluate the relation of ferritin, hemoglobin, MCV, RDW, age,
gender, and presence of comorbidity.

Results—While seven children had iron deficiency, none of them was anemic. Lower ferritin
levels were associated with higher hyperactivity scores in parental ratings. While performance
increased with age for most of the neuropsychological tests utilized, ferritin, hemoglobin, MCV
and RDW and gender were not significantly related with cognitive performance in this sample.

Conclusions—At least for the present clinical sample, ferritin levels might be related with
behavioral but not cognitive measures in ADHD cases.
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Attention deficit — hyperactivity disorder (ADHD) is one of the most common
neuropsychiatric disorders of childhood. ADHD consists of two symptom domains,
hyperactivity/impulsivity and inattentiveness.? Although numerous studies conducted with
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children with ADHD have been published each year, the exact pathophysiology of the
symptoms is unclear at the moment. However, many studies using different methodologies
have indicated that dopamine is a key element of ADHD pathophysiology. Rats with lesions
involving the ventral tegmental area have hyperactivity and problems in focusing on specific
stimulus. These animals also have difficulties in shifting behavior. 2 Similarly, cortical DA
deficiency causes hyperactivity, problems in inhibition, spatial orientation and temporal
organization. The changes in prefrontal cortical areas also lead to reactive changes of the
subcortical dopaminergic system.3 These studies indicate that dopamine may have an
important role in all of the main symptom domains of ADHD. Some authors suggested that
the lack of efficient dopaminergic control in the cortical and limbic striatal areas might
result in selective attention and behavioral inhibition. 4>

Iron is a coenzyme of tyrosine hydroxylase, which is critical in dopamine synthesis. 8 Iron is
also related with monoamine oxidase, which is critical for the degradation of dopamine. Iron
is colocalized with dopaminergic neurons in the brain, 8 and D2 and D4 receptor and
dopamine transporter densities decrease with decreased brain iron levels.”8 All these results
suggest that iron metabolism may have important role in ADHD pathophysiology. However,
the relationship of ADHD and iron metabolism has not been thoroughly studied. One study
showed that children with ADHD had lower mean ferritin levels when compared with
normal controls and that low serum ferritin levels were related to more severe symptoms, as
indicated by higher Conners Parent Rating Scale scores. 2 Other studies have focused on the
utility of iron supplementation in ADHD, with conflicting results. 10 The published studies
have not investigated the possible relationship between iron levels and cognitive functioning
of children with ADHD. This is surprising in the light of the previous studies that children
with ADHD perform relatively worse than controls in vigilance and sustained attention
tasks, executive function tests such as planning and organization, complex problem solving,
set shifting, verbal learning, memory tests, motor inhibition and response monitoring. 11-20
Iron deficiency without anemia can cause cognitive problems because brain iron levels
decrease before anemia becomes evident.2! Indeed, children with iron deficiency with or
without anemia have been shown to have significant cognitive problems including lower 1Q,
motor problems, spatial memory, and selective attention,2223 which can last for years. 24

The aim of the present study was to investigate the relationship between ferritin,
hemoglobin, mean corpuscular volume (MCV) and red cell distribution width (RDW) and
neuropsychological measures obtained by a broad test battery in children and adolescents
with ADHD. We selected these variables because iron deficiency is usually defined by low
serum ferritin levels, or low MCV and high RDW. Anemia is clearly defined as having low
serum hemoglobin values. The neuropsychological test battery was selected to cover
executive functions and attentional processes.

Population and sampling

Subjects were 52 ADHD children (42 boys, 10 girls; age 7 —13 years; mean+SD, 9.9+2.1
years). All of the children were Caucasian. All the subjects, who fulfilled the inclusion
criteria, were recruited from the general outpatient clinic of a general hospital during
February —June 2005. Diagnosis was based on DSM-IV criteria and made by the first author
(00), an experienced child psychiatrist using Schedule for Affective Disorders and
Schizophrenia for School-Age Children —Present and Lifetime Version (K-SADS-PL)
semi-structured interview. Forty-seven of the ADHD children met the criteria for combined,
four for inattentive and one for hyperactive—impulsive subtype. Informed consent was
verbal, as is customary given the literacy level of the parents. Nineteen children had various
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comorbid conditions: nine had comorbid oppositional defiant disorder, one had conduct
disorder, six had anxiety disorder, one had depression, and two had enuresis nocturna.

All ADHD children 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. None of the children was taking iron supplements or multivitamins with iron at
the time of the study The parents could choose to opt out of the study but none of the parents
refused to participate.

Symptom severity was evaluated with Conners Parent and Teacher Rating Scales.

Behavioral measures

Conners Parent Rating Scale—The Conners Parent Rating Scale (CPRS) includes 48
items and evaluates behavior of children assessed by their parents.2> The scale includes
oppositional behavior, inattentiveness, hyperactivity, psychosomatic and irritability
domains. Turkish translation has good validity and reliability.2

Conners Teacher Rating Scale—The Conners Teacher Rating Scale (CTRS) includes
28 items and rates classroom behavior of children as assessed by teachers.2” There are three
subscales of the form: eight items refer to inattentiveness, seven items refer to hyperactivity
and eight items refer to conduct problems. The CTRS has been translated into Turkish and
the Turkish form showed adequate validity and reliability (Cronbach’s a = 0.95).28

Cognitive measures

The neuropsychological test battery consisted of Wisconsin Card-Sorting Test (WCST),
Stroop, Continuous Performance Test (CPT), Digit Symbol and Digit Span subtests of the
Wechsler Intelligence Scale for Children Revised (WISC-R), and Trail Making Test A and
B.

Stroop Color—Word Test—This measures the ability to shift perceptual set with the
changing demands, to inhibit a habitual behavior pattern, and to behave in an unusual way.
Defects in these abilities result in perseveration, stereotypic behavior, and difficulty in
controlling behavior. These functions are mainly frontal lobe functions. Higher interference
score indicates worse performance. Stroop Test also assesses information processing rate,
and parallel processing of attended and non-attended stimuli, and attention. 2°

Wisconsin Card-Sorting Test—The WCST was revised by Heaton et a/., and it
measures abstract reasoning, building and canceling strategies, problem solving, maintaining
attention, and mental flexibility abilities. 30 These abilities are deficient in patients with
frontal lobe syndrome, and the deficiency in frontal lobe functions lead to perseveration.

Wechsler Intelligence Scale for Children—Revised—The WISC-R consists of 10
subtests that assess verbal and performance abilities. Verbal subtests are Information,
Similarities, Vocabulary, Comprehension and Digit Span. Performance subtests are Picture
Completion, Picture Arrangement, Block Design, Object Assembly, and Digit Symbol.
Verbal and Performance 1Q scores are obtained from the test. Reliability and validity studies
of the Turkish form have been conducted. 31 Although the WISC-R is a relatively outdated
form of the test, it is widely used, and we do not have updated forms translated into Turkish.
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Continuous Performance Test—The CPT is a frequently used test to measure sustained
attention and impulsivity. Errors of omission are recorded when a patient does not respond
in the presence of a target stimulus, indicating problems in sustained attention. Errors of
commission occur when a subject responds to a non-target stimulus, indicating impulsivity.
CPT has also been one of the most frequently used measures to investigate sustained
attention and vigilance.

The subjects were given verbal instructions, and they had the chance to practice the test until
they understood the test instructions. The test takes approximately 10 min. In the CPT a
series of 450 continuous letters were presented. The stimuli were single letters 3.5 cm in
height, and were displayed in the center of a standard computer monitor for 1000 ms. When
the subjects saw the letter X after the letter A, they pushed the button. These targets
occurred randomly, for a total of 108 times.

Trail-Making Test A—B—The basic task is connecting a series of stimuli (numbers
expressed as numerals) in a specified order as quickly as possible. The score is the number
of seconds required to complete the task. In Trail B the patients had to alternate between
numbers and letters in a specified order, which taps mental tracking ability. Trail-making
test performance is heavily influenced by attention. The test takes 5-12 min. Higher scores
in these two tests indicate worse performance. We used the Comprehensive Trail-Making
Test (CTMT, PAR, FL, USA).

All tests were administered by a trained psychologist blind to subjects’ diagnostic status and
laboratory results. The total battery took almost 1 h. Parents were not present during testing.
The tests were given in a fixed order: WISC-R Digit Span, Digit Symbol, Trail-Making Test
A and B, Stroop, WCST, and CPT. Serum ferritin, hemoglobin, MCV and RDW were
measured in the morning with fasting blood. Laboratory tests were obtained in the same
week of the neuropsychological testing. Iron deficiency was defined as ferritin<12 ng/mL or
MCV<70 fL and RDW>14.5. Anemia was defined as serum hemoglobin<11.0 g/dL. All
patients with iron deficiency or anemia were referred to pediatricians for treatment.

Multiple regression was used in order to evaluate the effects of age, gender, ferritin and
hemoglobin levels, MCV and RDW, and presence of comorbid conditions on the CPRS -
CTRS Inattentiveness and Hyperactivity scores, WCST Percent of Correct Responses and
Categories Completed variables, WISC-R Digit Span and Digit Symbol scores, Trail
Making A and B scores, CPT Total Correct Responses and Total Errors, and Stroop
Interference scores. Ferritin, hemoglobin, MCV and RDW were chosen because they were
the factors evaluated in anemia and iron deficiency criteria. Model fit in the regression
analysis was evaluated using Durbin —~Watson test. Two-tailed significance tests (£ < 0.05)
are reported throughout. SPSS 10.0 was used for analysis (SPSS, Chicago, IL, USA).

Iron measures

The mean = SD of various measures related to iron metabolism and hematological variables
are summarized in Table 1.

Behavioral measures

The CPRS Hyperactivity scores were significantly related with serum ferritin level; ADHD
children with lower ferritin levels had higher scores, indicating more severe problems (B =
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-0.41, t=-2.9, P=0.006). CTRS scores were not associated with the independent
variables. Boys had higher CTRS Hyperactivity scores (B = 0.31, t=-2.2, P=0.034).

Cognitive measures

None of the neuropsychological test scores was significantly related with ferritin,
hemoglobin, MCV, or RDW. Gender was also not significantly related with cognitive
performance in this sample. WISC-R Digit Symbol (B =0.32, £= 2.1, P=0.041), Digit Span
(B =0.43, t=2.8, P=0.008), Trail Making A (B =-0.61, £=-4.5, P=0.001) and B (B =
-0.56, t=-4.2, P=10.001), Stroop (B =-0.58, t=-4.1, P=0.001), and CPT Total Correct
responses (B = 0.63, £=4.4, P=0.001) and Total Errors (B = —0.65, t=-4.7, P=0.001)
improved significantly with age. Presence of comorbid conditions predicted lower WISC-R
Digit Symbol scores (B = -0.37, t=-2.7, P=0.006).

Seven ADHD children had iron deficiency and none had anemia. We could not directly
compare the subjects with and without iron deficiency due to the small number of subjects
with iron deficiency.

Discussion

To the authors’ knowledge this is the first study investigating the relationship between
ferritin and hemoglobin levels and MCV and RDW and cognitive variables in ADHD
children. We are also aware of one former study that investigated the relationship between
ferritin levels and parent ADHD ratings. Consistent with that previous study, we found that
lower ferritin levels were associated with higher hyperactivity scores on the CPRS. @ These
authors investigated the correlation of serum ferritin levels with behavioral ratings. We
believe that we have extended and elaborated their findings because we used regression
analysis and controlled the effects of other variables such as gender, age, and comorbidity,
which might influence the ratings. These results suggest that low iron stores, even if not
associated with strictly defined iron deficiency or anemia, may contribute to the ADHD
symptoms.

In contrast we did not find any significant relationship among ferritin or hemoglobin levels
and MCV and RDW with cognitive variables, as well as CPRS and CTRS Inattentiveness
score. We used a broad neuropsychological test battery that taps abstraction —flexilibity
(WCST), sustained attention (CPT), mental tracking and complex attention (WISC-R Digit
Span, Digit Symbol, Trail Making A and B) and interference control (Stroop). The present
results show that, as expected, attentional and executive functions improve with age, and age
was the only significant predictor of neuropsychological performance in this sample. Lack
of significant associations with Inattentiveness scores might also support this result.
However, lack of significant association between laboratory and cognitive measures does
not necessarily mean that iron deficient ADHD children would not have worse cognitive
performance, or that iron deficiency is not related to cognitive variables. Several studies
have shown that iron deficiency, even without anemia, is clearly related to cognitive
impairment.22-23 Jron metabolism is closely related to brain monoamine metabolism, which
makes the association of iron deficiency and cognitive problems biologically plausible. 32
However, the relationship of cognitive variables with iron deficiency had been studied
mainly in infant samples. 22 Studies showed that older children and adolescents with iron
deficiency had impaired verbal learning, math ability and memory. 23:33:34 |n the present
sample only seven ADHD children had iron deficiency and none had anemia. The frequency
of iron deficiency was reported to be considerably higher in the Konofal et al. study.? They
reported that >80% of their ADHD sample had iron deficiency. However, the present
definition of iron deficiency was more stringent then theirs(ferritin < 12 ng/mL or MCV <
70 fL and RDW > 14.5 vs ferritin < 30 ng/mL). If we had used their criteria, 44% of the
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present subjects would have had iron deficiency, which is still lower than their figure. In
contrast, when we reanalyzed our data using these iron deficiency criteria, the results
remained essentially the same; ADHD children with iron deficiency had higher CPRS
Hyperactivity and Inattentiveness scores and there were no significant differences in other
variables (data not shown).

We did not find any significant relationship between teacher ratings and ferritin levels. This
raised the possibility that the significant association of parent ratings and ferritin levels
might be due to chance. However, the association was significant and was consistent with
the previous study.? Studies with bigger sample sizes are needed to confirm this.

The present study implies that iron stores might be important in hyperactivity symptoms in
children and adolescents with ADHD. However, ferritin level was not related to cognitive
variables and inattentiveness symptoms. Thus, it can be speculated that the effects of iron
replacement therapy might be differential in these domains. This issue must be evaluated in
future randomized controlled trials with larger sample sizes.
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Fig 1.
Conners Parent Rating Scale (CPRS) Hyperactivity scores and ferritin levels.
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Ferritin and hematological measures

Range Mean SD
Ferritin (ng/mL) 7.9-730 306 154
Hemoglobin (g/dL) 11.9-15.0 135 .70
MCV (fL) 63.5-90.6  81.8 43
RDW (%) 11.7-30.7 137 2.6

MCV, mean corpuscular volume; RDW, red cell distribution width.
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