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OZET:
Ferritinin dikkat eksikligi hiperaktivite bozuklugunda
kisa sureli tedaviye cevap Ulzerine etkisi

Amag: Bircok calismada, demir eksikligi ve ferritin diizeyinin
o6gretmen ve ebeveyn dikkat eksikligi hiperaktivite bozuklugu
(DEHB) puanlart ile iliskili oldugu gosterilmistir. Sonuglar celiskili
olsa da demir takviyesinin DEHB belirtilerini azalttigi bildirilmistir.
Tum bu galismalar g6z 6niunde bulunduruldugunda demir eksik-
ligi ve ferritin diizeyinin DEHB'nin stimiilanlar ile rutin farmako-
lojik tedavisine etkisini arastiran biytk olcekli bir calisma klinik
bakis agisindan konuya aciklik getirecektir.

Yontem: DEHB bilesik ya da hiperaktivite-impulsivite 6n planda
alt tipleri olan 345 denek calismaya dahil edilmistir. Tim tanilar,
DSM-IV élgtitlerine gore ve Cocuk ve Gengler i¢in Duygulanim
Bozuklugu ve Sizofreni Olcegi-Simdi ve Yasam boyu Versiyonu
(CGDBSO-SY) yan yapilandirimig gériisme teknigi kullanilarak
yazarlar tarafindan yapilmis direkt goérismelerle koyulmustur.
Tedaviye yanit kriterleri: 1) Conners Anne-Baba Derecelendirme
Olcegdi (CADO) ve Conners Ogretmen Derecelendirme Olcegi
(CODO) tedavi 6ncesi Hiperaktivite (HA) ve Toplam sorunlar puan-
larinda %25 ya da daha fazla azalma; 2) hem CADO hem de CODO
puanlarinin esigin altinda olmasi (gok dtizeldi).

Bulgular: Calismaya katilanlarin 255'i (%73.9) OROS-metilfenidat
(OROS-MPH), 90 hasta kisa salinimli metilfenidat (IR-MPH) teda-
visi aldi. Ortalamatsd OROS-MPH ve IR-MPH dozlari sirasiyla
28.8+8.1 ve 20.9+7.1 mg'di. Calismaya katilanlarin %52.5'i tedavi
baslanmadan 6nce hig ilag kullanmamisti. 278 (%80.6) denek bile-
sik tip DEHB, digerleri hiperaktivite-diirtisellik 6n planda DEHB
tanilan aldi. Calismaya katilanlarin 60'inda (17.4%) komorbid
bozukluk yokken %38.3'linde bir komorbid bozukluk, %32.8'inde
iki komorbid bozukluk ve %11.6'sinda Ui ya da daha fazla komor-
bid bozukluk vardi. En sik gériilen komorbid bozukluk Karsit Olma
Karsi Gelme Bozuklugu/ Davranim Bozuklugu (KOKGB/DB, %51.6)
iken, bunu sirasiyla Ogrenme Giigliigii (OG, %35.4) ve Anksiyete
Bozukluklari (AB, %15.9) izledi. Lojistik regresyon analizine gore
komorbid KOKGB/DB ve OG olan olgularin tedaviye daha az yanit
verdigi gozlendi. Sonuglar ile ferritin diizeyi ve demir eksikligi
arasinda istatistiksel olarak anlamli bir iliski bulunmadi.

Sonug: Bilesik ya da hiperaktivite-dirtusellik 6n planda alt tipleri
olan DEHB'li deneklerden olusan biy(k bir grupta bir ok etkeni
kontrol ettikten sonra ne demir eksikligi (ferritin<12 ng/ml) ne
de ferritin diizeyinin stimilanlarla kisa sireli tedavi sonuglariyla
iliskili olmadigi bulundu. Komorbid KOKGB/DB ve OOG olan
hastalarda CODO toplam puaninda %25 ya da daha fazla azalma
yoktu. Komorbid KOKGB/DB olmasi ayrica CADO toplam ve HA
puanlarina bakildiginda tedaviye yanitta negatif yordayiciydi.
Demir eksikligi olan DEHB'li deneklerde negatif tedavi yanitinin
olmamasi ve ferritin diizeyi ile tedavi yaniti arasinda negatif
iliski saptanmamasi, demir metabolizmasi ve ¢ok heterojen bir
bozukluk olan DEHB arasindaki iliskinin inanildiginin aksine daha
karmasik oldugunu ortaya koymaktadir.

Anahtar sozciikler: Dikkat eksikligi hiperaktivite bozuklugu,
ferritin, farmakolojik tedavi, metilfenidat
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ABSTRACT:
Effect of ferritin on short-term treatment response in
attention deficit hyperactivity disorder

Objectives: Several studies have shown that iron deficiency and
ferritin levels are associated with parent and teacher Attention
Deficit Hyperactivity Disorder (ADHD) ratings. Although there
are conflicting results, it has also been reported that iron
supplementation may help to decrease ADHD symptoms. When
all these previous studies are taken into account, it is clear that a
large study investigating the effects of iron deficiency and ferritin
levels on routine pharmacological treatment of ADHD with
stimulants would be helpful to elucidate this treatment from a
clinical point of view.

Methods: A total of 345 subjects with combined or predominantly
hyperactive-impulsive (PHI) subtypes of ADHD were included. All
diagnoses were based on the DSM-IV criteria and ascertained by
direct interviews conducted by the authors, who are experienced
child psychiatrists certified in the use of the Schedule for Affective
Disorders and Schizophrenia for School-Age Children — Present
and Lifetime Version (K-SADS-PL) semi-structured interview.
The two treatment response criteria were: 1) 25% or more
decrease in pre-treatment Conners Parent Rating Scale (CPRS)
and Conners Teacher Rating Scale (CTRS) Hyperactivity (HA) and
Total Problems scores; 2) CPRS and CTRS HA scores lower than
the cut-off point (“very improved”).

Results: A total of 255 (73.9%) patients were on OROS-
methylphenidate (OROS-MPH) and 90 (26.1%) were on immediate
release methylphenidate (IR-MPH). The meanz+sd of OROS-MPH
and IR-MPH doses were 28.8+8.1 and 20.9+7.1 mg, respectively.
More than half (52.5%) of the subjects were previously drug-naive
at treatment inception. Two hundred and seventy eight (80.6%)
subjects had combined subtype ADHD and the remainder had
predominantly hyperactive-impulsive subtype. Only 60 (17.4%)
of the subjects had no comorbid disorders, while 38.3% had
one comorbid disorder, 32.8% had two comorbid disorders, and
11.6% had three or more comorbid disorders. The most frequent
comorbidity was Oppositional Defiant Disorder/Conduct
Disorder (ODD/CD, 51.6%), followed by Learning Disabilities (LD,
35.4%) and Anxiety Disorders (AD, 15.9%). Logistic regression
analysis showed that subjects with comorbid ODD/CD and LD
were less likely to respond to treatment. Ferritin levels and iron
deficiency were not associated significantly with outcomes.
Conclusions: In a large sample of subjects with combined or
predominantly hyperactive-impulsive subtypes of ADHD, after
controlling for several factors, we found that neither iron deficiency
(ferritin <12 ng/ml) nor ferritin levels were associated with less
favorable short-term treatment outcomes with stimulants. Subjects
with comorbid ODD/CD and LD were less likely to have a 25% or
more decrease in CTRS Total score. The presence of ODD/CD was
also a negative predictor of treatment response in terms of CPRS
Total and HA scores. The lack of a negative treatment response
in ADHD subjects with iron deficiency and lack of a negative
association with ferritin levels suggest that the relationship between
iron metabolism and ADHD, a highly heterogeneous disorder, may
be more complicated than previously believed.

Key words: Attention deficit hyperactivity disorder, ferritin,
pharmacologic therapy, methylphenidate
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Effect of ferritin on short-term treatment response in attention deficit hyperactivity disorder

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is one
of the most common pediatric psychiatric disorders. The
disorder is characterized by a triad of inattention,
impulsivity, and hyperactivity symptoms, as well as
alterations in executive functioning. The etiology of ADHD
is not clear, but several lines of evidence imply that
dopaminergic neurotransmission is impaired in ADHD (1).
Stimulants, including methylphenidate (MPH), which are
the most effective treatment for ADHD, affect dopamine.
Iron is a co-factor of tyrosine hydroxylase, which is the
rate-limiting enzyme in dopamine synthesis (2).

Several studies have shown that iron deficiency and
ferritin levels are associated with parent and teacher ADHD
ratings (3-6, but also see 7,8). Although there are conflicting
results, it has also been reported that iron supplementation
may help to decrease ADHD symptoms (9,10). Iron
deficiency is also important in Restless Leg Syndrome
(RLS) (11), which is also treated by dopaminergic agents.
We have shown in previous studies that iron deficiency
might be associated both with ADHD and RLS (4).

When all these previous studies are taken into account,
it is clear that a large study investigating the effects of iron
deficiency and ferritin levels on routine pharmacological
treatment of ADHD with stimulants would be helpful to
elucidate the effectiveness of this treatment from a clinical
point of view. In the present study, our aim was to fill this
important gap in the literature. It has been shown that
comorbid disorders and ADHD subtypes might be
predictors of treatment response (12,13), therefore we
controlled these factors along with age, gender, and baseline
parent and teacher ratings. We excluded subjects with
predominantly inattentive subtype ADHD for two reasons.
First, previous studies have shown that ferritin level was
associated with hyperactivity, but not attention problem
ratings (4,6). Ferritin level was also not associated with
cognitive test scores (6). Second, while subjects with
ADHD hyperactive-impulsive subtype were shown to be
very similar to the combined group and that it can be
viewed as a milder form of the combined subtype [14],
several differences between the combined subtype and
inattentive subtypes have been described, which might
include treatment response. As we aimed to reflect daily
clinical practice, we included all preparations of MPH
available in Turkey. Therefore, patients who were on either

immediate release (IR-MPH) or OROS-methylphenidate
(OROS-MPH) have been included. Several studies have
shown that OROS-MPH is as effective (15), or even more
effective (16), than IR-MPH. The purpose of the present
study was to investigate whether ferritin level had an impact
on stimulant treatment response, when other important
factors were controlled.

METHODS

Patient Population

Three-hundred and fortyfive subjects with ADHD were
included in the study (302 males, 87.5%, ages 6-15, mean:
9.1 years, standard deviation: 2.1 years). All of the cases
were Caucasian. All subjects were recruited from consecutive
referrals to an outpatient clinic of a general hospital and
fulfilled the inclusion criteria for ADHD combined or
predominantly hyperactive-impulsive (PHI) subtype
diagnoses per the DSM-IV criteria, being drug free at least
for 15 days, and 6-15 years of age. We excluded the patients
who were on medication, who had ADHD predominantly
inattentive subtype, who had parent or teacher hyperactivity
ratings below the proposed cut-offs, and whose parents or
teachers did not complete the rating scales.

Study Design

All diagnoses was based on DSM-IV criteria and were
ascertained by direct examinations (P.O, 0.0, E.C)
conducted by the authors, who are experienced child
psychiatrists certified in the use of the Schedule for
Affective Disorders and Schizophrenia for School-Age
Children — Present and Lifetime Version (K-SADS-PL)
semi-structured interview, validated in Turkish (17,18).
The informed consent process was verbal as is customary
given the literacy level of the parents and the parents were
informed that the clinical data may be used for scientific
purposes. Institutional ethical committee approval was
obtained for the study. All index subjects with ADHD had
an unremarkable medical history (other than ADHD) and
were assessed for anxiety disorder, mood disorder,
oppositional defiant disorder/conduct disorder, as well as
tics and elimination disorders with the corresponding
K-SADS-PLmodules. Learning disabilities were evaluated
with the Wechsler Intelligence Scale for Children- Revised
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(WISC-R) including the reading, writing, and mathematics
tasks. All assessments were done as a part of a routine
clinical work up for the patients seen in the clinic. The
parents had the option to opt out of the study, but none of
the parents refused to participate.

Symptom severity was evaluated with the Conners
Parent and Teacher Rating scales. Conners Parent Rating
Scale (CPRS). This form includes 48 items, and aims to
evaluate the behavior of children assessed by their parents
(19). The scale includes oppositional behavior,
inattentiveness, hyperactivity, psychosomatic, and
irritability domains. The Turkish translation has been
demonstrated to have good validity and reliability (20).
The proposed hyperactivity (HA) score cut-off is 8.

Conners Teacher Rating Form (CTRS). This form
includes 28 items, and aims to rate classroom behavior of
children assessed by teachers (21). There are three subscales:
8 items for inattentiveness, 7 items for hyperactivity and 8
items for conduct problems. The CTRS has been translated
into Turkish by Sener (22), and the Turkish form showed
adequate validity and reliability (Cronbach’s alpha .95). The
proposed HA score cut-off is 7.

There were two treatment response criteria. First,
treatment response was defined as a 25% or more decrease
from pre-treatment CPRS and CTRS HA and Total
Problems scores. Second, we defined subjects with both
CPRS and CTRS HA scores below the cut-off as “very
improved.” We selected HA scores in particular since we
found in different samples that ferritin level and iron
deficiency was more closely associated with HA scores
rather than attention problem scores. We also took both
teacher and parent ratings into account since those may
measure different behaviors.

Since satiety effects iron level and ferritin level changes
with acute infections, fasting blood was drawn from each
patient. Blood was drawn from patients with acute
infections at least 15 days after the infection with the
control of clinical signs and symptoms and sedimentation
rate. The serum ferritin was measured by a solid-phase,
2-site chemiluminescent immunometric assay (Immulite
2000™; Diagnostic Products®, Los Angeles, CA).

Statistics

Baseline and one-month parent and teacher ratings
were compared using the paired-samples t-test. Logistic
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regression analyses were computed in order to calculate the
effects of gender, age, ADHD subtype (combined,
predominantly hyperactive-impulsive), comorbid anxiety
disorders (AD), learning disabilities (LD), oppositional
defiant disorder/conduct disorder (ODD/CD), ferritin level,
medication (OROS-MPH and IR-MPH), and corresponding
baseline CPRS and CTRS scores, on treatment response
(defined as a 25% more decrease from baseline score). We
also defined subjects with both CPRS and CTRS HA scores
below cut-off scores (<7 for CPRS and <8 for CTRS) as
“very improved.” The analysis was repeated with CPRS
and CTRS HA and Total Problems scores as outcomes,
separately. P<0.05 was reported as statistically significant.
SPSS 13.0 was used for the analysis.

RESULTS

There were 302 boys (87.5%) and 43 girls in the study.
The age range was 6 to 15 years with a mean of 9.1 and
standard deviation (sd) of 2.1 years. Two hundred and fifty
five (73.9%) patients were on OROS-MPH and 90 were
on IR-MPH. The meantsd OROS-MPH and IR-MPH
doses were 28.8+8.1 and 20.9+7.1 mg, respectively. More
than half of the subjects (52.5%) were previously drug-
naive at treatment inception. Most subjects (278, 80.6%)
had combined subtype ADHD and the remainder had
predominantly hyperactive-impulsive subtype. Sixty
(17.4%) of the subjects had no comorbid disorders, while
38.3% had one comorbid disorder, 32.8% had two
comorbid disorders, and 11.6% had three or more comorbid
disorders. The most frequent comorbidity was ODD/CD
(51.6%)), followed by LD (35.4%) and AD (15.9%). About
7.5% of the subjects had a ferritin level <12 ng/ml.

Baseline and post-treatment rating scores are
summarized in Table 1. All rating scores decreased
significantly with treatment. The percentage of subjects
who had a 25% or more decrease from pretreatment scores

Table 1: Baseline and post-treatment rating scores and paired-

samples t-test scores.

Baselined Post-treatment® tl
CTRS* HA' 11.0£3.6 8.7+£3.6 11.0
Total 32.6£9.4 26.4+9.5 6.1
CPRS* HA 8.5+2.8 7.1+3.0 10.9
Total 29.3+x11.4 24.4+10.8 8.0
IAIl p<0.001.

*Conners Teacher Rating Scale, *Conners Parent Rating Scale,
fHyperactivity, *meanzstandard deviation
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Table 2: Logisic regression results

Dependent Variables

CPRS CPRS CTRS CTRS CPRS CTRS
Total 25% Hyperactivity 25% Total 25% Hyperactivity 25% Hyperactivity Hyperactivity
Change Change Change Change <7 <8
Independent
Variables B 95% Cl B 95% ClI B 95% CI B 95% ClI B 95% Cl B 95% CI
Gender 0.72 0.34-1.5 1.1 0.51-2.2 1.5 0.69-3.2 0.80 0.37-1.7 1.3 0.60-2.6 1.7 0.78-3.8
Age 0.95 0.85-1.1 1.1 0.97-1.2 1.0 0.90-1.1 0.98 0.87-1.1 1.0 0.92-1.2 1.0 0.87-1.1
Ferritin 1.0 0.99-1.1 0.98 0.97-1.0 1.0 0.99-1.0 1.2 0.87-1.6 1.0 0.98-1.1 1.0 0.98-1.0
Subtype 1.2 0.87-1.6 1.3 0.94-1.7 1.2 0.90-1.6 1.6 0.80-3.2 1.4* 1.03-1.9 1.0 0.72-1.4
Anxiety 0.67 0,32-1.4 0.4 0.47-1.9 0.92 0.43-1.9 0.65 0.39-1.1 0.78 0.40-1.5 1.6 0.77-3.2
LD 0.75 0.44-1.3 0.80 0.48-1.3 0.44*  0.26-0.77 0.68 0.43-1.1 0.70 0.41-1.2 0.65 0.37-1.1
OoDD/CD 0.53** 0.32-0.87 0.50* 0.30-0.80 0.47*  0.29-0.78 1.3 0.74-2.2 0.54**  0.32-0.87 0.70 041-1.2
Drug 0.85 0.49-1.5 0.78 0.45-1.4 1.0 0.58-1.9 1.0 0.99-1.0 0.80 0.45-1.4 1.0 0.65-2.2
Baseline
score 1.07* 1.04-1.1 1.3*% 1.14-1.4 1.1* 1.02-1.1 1.1* 1.04-1.2 0.80* 0.73-0.88 0.78* 0.71-0.84

CPRS: Conners Parent Rating Scale, CTRS: Conners Teacher Rating Scale, CI: Confidence Interval, LD: Learning Disorder,

ODD/CD: Oppositional Defiant Disorder/Conduct Disorder. *p<0.01, **p<0.05.

were as follows: CTRS HA: 41.7%; Total: 37.6%; CPRS
HA: 39.0%; Total: 39.2%.

The ferritin level was significantly negatively correlated
with the baseline CPRS HA score (r=-0.12, p=0.03).

The logistic regression analyses (Table 2) indicated
that subjects with comorbid ODD/CD (B=0.47, p=0.006)
and LD (B=0.44, p=0.004) were less likely to have a 25%
or more decrease in CTRS Total score. The presence of
ODD/CD was also a negative predictor of treatment
response in terms of CPRS Total (B=0.53, p=0.012) and
HA scores (B=0.50, p=0.003). Baseline CPRS and CTRS
scores were significantly associated with treatment
response, indicating that subjects with higher baseline
scores were more likely to have a 25% or higher decrease
after treatment.

Only 56 (15.5%) of the subjects were “very improved,”,
meaning that they have below cut-off HA scores on both the
CPRS and CTRS after treatment. Ferritin level or the
presence of iron deficiency was not associated significantly
with this outcome. Subjects with ODD/CD comorbidity who
had higher scores before the treatment had a lower chance of
being “very improved”. Age, gender, ADHD subytpe
(Combined vs PHI), and drug (OROS-MPH vs IR-MPH)
were not significantly associated with treatment response.

DISCUSSION

In a large sample of subjects with ADHD combined or
PHI subtypes, after controlling for several factors, we

found that both iron deficiency (ferritin <12 ng/ml) or
ferritin level were not associated with less favorable short-
term treatment outcome with stimulants. Consistent with
previous studies (4,6), the parent hyperactivity score was
negatively associated with ferritin level, meaning that
subjects with lower ferritin levels had higher pre-treatment
parent reported hyperactivity. Baseline rating scores were
also positively associated with a 25% or more decrease
with treatment. This raises the possibility that more
favorable treatment response in terms of change in parent
ratings might be due to regression to the mean effect. This
implies that subjects with the highest baseline scores have
a higher chance of reduced post-treatment scores. It must
be kept in mind that a 25% decrease from baseline scores
does not necessarily mean total improvement. Owens and
associates have reported that severe cases tend to show a
large treatment response although they are less likely to be
normalized by treatment (23). In fact, being in the “very
improved” group, defined as having below cut-off level
hyperactivity scores in both parent and teacher ratings,
was not correlated with ferritin level or associated with
iron deficiency (ferritin <12 ng/ml).

Although previous studies have shown that ODD/CD
was not a significant moderator of treatment (12,24), in
our study subjects with comorbid ODD/CD and LD
showed a less favorable response to the treatment.
Particularly the negative effect of ODD/CD on treatment
response was seen in both parent and teacher ratings and it
was also reflected in the “very improved” group. These
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results suggested that at least in the short-term, for these
children combined medication and psychosocial
interventions might be necessary. In fact, previous studies
have reported that combined medication and behavioral
treatments might lead to better results in decreasing
oppositonal/aggressive symptoms and better academic
functioning (25).

Age and gender were not important predictors, as have
also been previously reported (12). There were no
significant differences between OROS-MPH and IR-MPH.
This was consistent with some (15), but not all (see 16) of
the previous studies. However, it must be kept in mind that
the present study was not a controlled clinical trial aiming
to compare the efficacy of the two preparations.

Ithas 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 (26-
28). Neuroimaging, genetics, and animal studies have
suggested that dopaminergic transmission is impaired in
subjects with ADHD (29). Functional neuroimaging
studies have shown that stimulants increase striatal and
cortical extracellular dopamine levels (30). Therefore, it
was reasonable to hypothesize that iron deficiency and
ferritin levels would be associated with a decreased
response to stimulant treatment. However, our findings did
not support this in our clinical sample. Neuroimaging
studies can provide data, about whether or not iron
deficiency alters stimulant actions in brain. It would also
be interesting to investigate whether tyrosine hydroxylase
genotype moderates the association of iron metabolism
and ADHD symptoms and treatment response.

Investigating the association between iron metabolism
and ADHD by using different methodologies may further
help our understanding of both conditions. However, the
correlation between ferritin level and ADHD symptoms is
not very strong, and it is more evident in parent ratings (6).
It is not associated significantly with cognitive measures
(4). The lack of a negative treatment response in ADHD
subjects with iron deficiency and the lack of a negative
association with ferritin levels suggest that the relationship
between iron metabolism and ADHD, a highly
heterogeneous disorder, may be more complicated than
previously believed. Based on our study, it may be
premature to assume that iron deficiency and ferritin levels
are not important in defining treatment response to

Oner P, Oner O, Cop E, Munir KM

stimulants. At the outset of the dopamine hypothesis for
ADHD it was postulated that executive functioning in
index subjects, in addition to ADHD symptoms, is also
modulated by dopaminergic pathways. Further, during
childhood, low ferritin levels per se may have a more
overarching effect on the development of the central
nervous system, leading not only to correlation with high
HA symptoms in ADHD but a range of neurobehavioral
outcomes (including RLS) that are not necessarily captured
by our current DSM definitions. It is of interest that
although ferritin was not significantly correlated with
cognitive measures in our study, nevertheless, there was a
lack of treatment response in subjects with ODD/CD and
LD, representing the first and second largest comorbidity
subgroups, with greater likelihood of CNS and executive
function problems, as well as lack of response to
psychopharmacological treatment, as has been supported
by previous studies. The lack of stimulant response and
need for combined remedies for these children do not also
necessarily imply a psychosocial etiology for these
comorbidity subgroups, that tend to be widely
heterogeneous in their respective etiologies. Further
studies are needed in younger children with neurobehavioral
and cognitive subtypes of ADHD to elucidate
neuropsychological predictors of treatment response to
stimulants and iron metabolism.

There were some limitations of the present study. First
of all, this was a naturalistic study and there were no
placebo control or randomization. Second, treatment
response depends on the definition and although we used
two different definitions the results could have been
different with another type of definition. Third, treatment
response could change over time and the results could be
different with long-term follow-up.

CONCLUSIONS

In a large sample of subjects with combined or PHI
subtypes of ADHD, after controlling for several factors,
we found that neither iron deficiency (ferritin <12 ng/ml)
nor ferritin level were associated with less favorable
short-term treatment outcomes with stimulants. We
investigated whether ferritin level and iron deficiency
(ferritin<12 ng/ml) affects treatment response to
stimulants (IR-MPH or OROS-MPH). Logistic regression
analyses were computed in order to calculate the effects
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of gender, age, ADHD subtype, comorbid anxiety
disorders (AD), learning disabilities (LD), oppositional
defiant/conduct (ODD/CD) disorders, ferritin level, and
medication (OROS-MPH and IR-MPH) response. Ferritin
level was significantly negatively correlated with the
baseline CPRS HA score. Subjects with comorbid ODD/
CD and LD were less likely to have a 25% or more
decrease in the CTRS Total score. The presence of ODD/
CD was also a negative predictor of treatment response in
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