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The effect of adding ferrous sulfate to methylphenidate 
on attention‑deficit/hyperactivity disorder in children

Abstract

Attention deficit/hyperactivity disorder (ADHD) is one of the most common psychiatric 
disorders in children with several complications. This study was conducted to investigate 
the effect of adding ferrous sulfate to methylphenidate in decreasing ADHD symptoms. 
This study was a double‑blind, randomized clinical trial. In this study, 42 nonanemic 
children with ADHD and serum ferritin below 30  mg/ml were enrolled according 
to convenience sampling and randomly assigned to two groups of 21 each, cases 
and controls. The two groups were matched for age and sex. The case group was 
administered with ferrous sulfate 5 mg/kg in addition to methylphenidate up to 1 mg/kg 
and the control group with methylphenidate alone. The scores on child symptoms 
inventory‑4 (CSI‑4) were recorded at baseline and after 2 months of treatment. Data 
were analyzed by t‑test, Pearson’s correlation coefficient, and repeated measures 
ANOVA in SPSS 16. The scores on CSI‑4 decreased significantly at month 2 in both 
groups (P < 0.001). The scores on attention deficit and hyperactivity subscales of the 
CSI‑4 were significantly lower in the case group than the control group (P < 0.05). The 
total score on CSI‑4 decreased more markedly in the case group (P < 0.04). Use of 
ferrous sulfate plus methylphenidate can be effective in reducing ADHD symptoms in 
nonanemic children with low serum ferritin.
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INTRODUCTION

Attention‑deficit/hyperactivity disorder  (ADHD) is 
one of the most common reasons for referring to child 
psychiatry clinics worldwide[1] and one of the most common 
psychiatric disorders in Iran.[2] ADHD leads to certain 
complications such as hyperactivity, impulsivity, and 
inattention in children, which may cause academic failure 
and social functioning‑related problems in this age group.[3] 
Furthermore, ADHD may be associated with certain health 

outcomes such as smoking and substance abuse in very 
young age, injuries caused by accident, having difficulty 
falling asleep, obesity,[4] and other unhealthy conditions such 
as nutritional deficiencies.[5] Although no definite etiology 
has yet been offered for development of ADHD, genetic, and 
environmental factors are considered possible causes.[6‑8] 
Disturbed frontal‑subcortical‑cerebellar catecholaminergic 
circuit and abnormal dopamine transporters, which lead 
to impairment of neurotransmitters, are thought to be the 
molecular causes of ADHD. These causes require the use 
of stimulant drugs such as methylphenidate,[9] which is a 
drug of choice to treat ADHD in children[10] and increases 
norepinephrine and dopamine levels through inhibiting 
their resorption.[11] Some clinical trials have been conducted 
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to investigate the efficacy of different psychotropic 
medications in children with ADHD.[12,13]

Moreover, food supplements are considered to be one of the 
complementary treatments for ADHD welcome by parents.[14] 
Iron is one of the supplements which is considered to be 
useful to treat ADHD[15] because iron plays an important role 
in the regulation of dopaminergic activity, which is associated 
with the pathogenesis and symptoms of ADHD.[16]

In 1997, Sever et  al.[17] found that iron supplementation 
significantly increased serum ferritin levels and decreased 
ADHD symptom scores in children with ADHD, concluding 
that nonanemic children with ADHD may benefit from iron 
supplementation. However, inconsistent results regarding 
the relationship between iron deficiency and ADHD have 
also been reported.[18] Some studies reported that mean 
serum ferritin levels were lower in children with ADHD 
than controls.[16,19,20] Juneja  et  al.[16,19] reported that serum 
ferritin levels were inversely correlated with ADHD 
symptom severity. Moreover, studies[16,20] have reported 
significantly lower brain iron in the bilateral thalami of 
children with ADHD compared with healthy controls 
in magnetic resonance imaging  (MRI). However, some 
researchers did not find any relationship between serum 
ferritin and ADHD.[21‑23] Therefore, this issue needs further 
investigation; and more evidence is still being sought out 
to confirm the effect of certain supplements such as iron in 
treating ADHD.[24] We, therefore, conducted a randomized 
clinical trial to investigate the effect of adding ferrous sulfate 
to methylphenidate on ADHD symptoms in children.

SUBJECTS AND METHODS

This study is a double‑blind, randomized clinical trial. 
In this study, 42  patients with ADHD referred to child 
psychiatry clinic affiliated with Shahrekord University of 
Medical Sciences in southwest Iran in 2014 were enrolled. 
The patients were enrolled if they were 5–15 years, suffered 
from ADHD and had ferritin levels under 30 mg/ml and 
normal serum hemoglobin levels. Suffering from other 
psychiatric disorders according to diagnostic and statistical 
manual for mental disorders version 4 (DSM‑5), intake of 
iron supplements within the previous 3  months, mental 
retardation, history of seizure, motor tics, acute medical 
problems, and contraindications for methylphenidate such 
as cardiovascular disease, incidence of serious adverse 
drug events  (ADEs), and lack of the parents’ consent to 
their children participation in the study were considered 
the exclusion criteria.

In this study, convenience sampling was used to select the 
participants. The patients were randomly assigned to two 
groups of 21 each, cases and controls. The two groups were 
matched for age and sex. The participants were enrolled 
into the study after approval of the Shahrekord University 

of Medical Sciences Ethics Committee and the parents’ 
written consent to their children participation in the study 
were provided. The case group were administered with 
ferrous sulfate tablet 5 mg/kg plus methylphenidate up to 
1 mg/kg daily.[15] The control group was administered with 
methylphenidate alone. Dose of methylphenidate was titrated 
through a phone call to parents once a week. The patients were 
examined for vital signs and ADEs once per week.

The body’s iron reserve was estimated by measurement 
of complete blood count and ferritin level. Normal serum 
ferritin levels  (≥30  mg/kg) were considered to represent 
adequate iron reserves. The measurements were conducted 
at baseline and week 8 of the study.

In this study, the child symptom inventory‑4 (CSI‑4) parent 
version was used. CSI‑4 is an instrument routinely used to 
screen for psychiatric disorders and has been developed 
according to the criteria of DSM‑4.

The CSI‑4 parent version consists of 18 items for ADHD, 
nine of which address inattention and the rest do 
hyperactivity/impulsivity, representing three subtypes 
of ADHD, predominantly hyperactive/impulsive, 
predominantly inattentive, and combined. The reliability 
of this scale has been reported to be 0.92, and the subscales 
were found to have acceptable validity and reliability in 
other studies including one study conducted in Iran.[25,26]

The CSI‑4 parent version was completed at baseline and 
week 8 of the treatment. The data were analyzed by t‑test, 
Pearson’s correlation coefficient, and repeated measures 
ANOVA in SPSS for Windows, Version 16.0. Chicago, 
SPSS Inc.

RESULTS

The mean age of the patients was 8.95 ± 2.83 years in the 
case group and 7.57 ± 1.91 years in the control group with 
no significant difference according to t‑test  (P  =  0.07). 
Therefore, the groups were age‑matched. In the control 
group, two (9.5%) girls and 19 (90.5%) boys were enrolled. 
In the case group, five  (23.8%) girls and 16  (76.2%) boys 
were enrolled. There was no significant difference in gender 
between the two groups according to Chi‑square (P = 0.2). 
Therefore, the two groups were gender‑matched. Mean 
hemoglobin and ferritin levels after 2 months of treatment 
are shown in Table 1.

As shown in Table  2, there was no significant difference 
in the mean total scores on CSI‑4 and inattentive and 
hyperactive/impulsive subtypes between sex groups at 
baseline and after 2 months of treatment (P > 0.05).

There was no significant difference in the mean total 
scores on CSI‑4 and inattentive and hyperactive/impulsive 
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after 2 months of treatment compared to baseline (P < 0.001) 
[Figure 1].

Comparison of the scores on CSI‑4 inattentive subscale at 
the end of month 2 indicates a significant difference between 
the two groups as the mean scores were markedly lower in 
the case group than the control group (P < 0.001). Regarding 
hyperactive/impulsive subscale, at the end of month 2, the 
scores of the case group were markedly lower than those 
of the control group (P = 0.04). In both groups, the scores 
on total CSI‑4 decreased at the end of the month 2 yet more 
markedly in the case group (P = 0.002).

DISCUSSION

The results of the present study showed that adding 
ferrous sulfate to methylphenidate significantly increased 
serum ferritin level and improved symptoms of ADHD in 
nonanemic children with ADHD and low serum ferritin. 
Consistent with our results, studies of Konofal et  al.[15] 
and Sever et al.[17] showed that after iron supplementation, 

subtypes among age groups at baseline and 2  months 
after the treatment (P > 0.05), except for total CSI‑4 score 
of age groups after 2 months of treatment in control group 
[Table 3].

Comparison of the scores on CSI‑4 between the two groups 
at baseline indicated no statistically significant difference 
(P  >  0.05). In the control and case groups, a statistically 
significant decrease was observed in the scores on CSI‑4 

Table  1: Comparison of hemoglobin and ferritin 
after the study between the two groups
Variable Groups Mean±SD Level of 

significance
Hemoglobin Case  (ritalin + 

ferrous sulfate) group
12.41±0.711 0.559

Control  (ritalin) group 12.55±0.816
Ferritin Case  (ritalin + 

ferrous sulfate) group
24.44±3.71 0.880

Control  (ritalin) group 24.70±3.85
SD: Standard deviation

Table  2: Comparison of changes in the total scores on Child Symptoms Inventory‑4 and inattentive 
and hyperactive/impulsive subtypes based on sex group
Sex group Case group (mean±SD) P Control group (mean±SD) P

Female (n=4) Male (n=16) Female (n=3) Male (n=19)
Changes in scores for CSI‑4 inattentive subscale

At baseline 20±2.94 17.43±5.88 0.416 18.33±1.15 18.57±5.81 0.994
Month 2 11±4.69 9.06±4.78 0.476 14.66±3.05 15.73±5.56 0.752

Changes in scores for CSI‑4 hyperactive/
impulsive subscale

At baseline 19.50±6.45 21.25±5.05 0.563 18.33±7.02 18.73±6.75 0.925
Month 2 9.75±2.98 10.93±5.85 0.703 12.33±7.02 14.84±6.74 0.558

Changes in total scores on CSI‑4
At baseline 39.50±9.25 38.68±10.01 0.885 36.66±7.02 37.31±11.25 0.925
Month 2 20.75±6.70 20±10.09 0.891 37.31±11.25 30.57±11.09 0.595

CSI: Child Symptoms Inventory, SD: Standard deviation

Table  3: Comparison of changes in the total scores on Child Symptoms Inventory‑4 and inattentive 
and hyperactive/impulsive subtypes based on the age group
Age group Case group  (mean±SD) P Control group  (mean±SD) P

Under 
7  years 
(n=10)

Over  7  years 
(n=10)

Under 
7  years 
(n=14)

Over  
7 years 
(n=22)

Changes in scores for CSI‑4 inattentive subscale
Baseline 16.50±4.85 19.40±5.89 0.245 15.62±4.20 20.21±5.40 0.052
Month 2 8.20±4.82 10.70±4.47 0.245 12.75±4.13 17.21±5.25 0.053

Changes in scores for CSI‑4 hyperactive/impulsive 
subscale

Baseline 19.80±4.80 22±5.63 0.360 15.37±4.03 20.57±7.17 0.076
Month 2 9.10±4.43 12.30±5.94 0.189 11±4.40 16.50±7.03 0.061

Changes in total scores on CSI‑4
Baseline 36.30±8.69 41.40±10.28 0.247 31±6.82 37.78±10.97 0.054
Month 2 17.30±8.68 23±9.58 0.18 23.75±5.72 33.71±10.98 0.028*

CSI: Child Symptoms Inventory, SD: Standard deviation, *P < 0.05
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the serum ferritin levels of ADHD patients increased 
significantly and ADHD symptoms improved. Based on 
these data, it appears that iron supplementation may benefit 
ADHD; however, more studies with larger sample size 
should be conducted to confirm these results.

The meta‑analysis conducted by Wang et   al . ,  on 
10 case–control studies investigating serum ferritin levels in 
a total of 2191 participants and 1196 ADHD cases, indicated 
that serum ferritin levels were lower in ADHD cases than 
healthy controls.[18]

Iron plays a crucial role in the development of the brain.[27] 
Iron deficiency with or without anemia during childhood 
has a negative impact on cognition, behavior, and motor 
skills of children.[28]

Serum ferritin, an intracellular protein that stores iron, is 
a reliable indicator of iron stores in body tissues; however, 
whether the serum ferritin is a good indicator of iron stores 
in the brain is debated.[29] Compared with serum iron, serum 
ferritin is a more sensitive marker which can be detected at 
the early stage of iron deficiency even in nonanemic cases.

Iron is a major cofactor of tyrosine hydroxylase enzyme and 
a rate‑limiting step in dopamine synthesis.[30] Iron deficiency 
is associated with decreased dopamine transporter density 
and activity, resulting in increased extracellular dopamine 
as well as reduced dopamine receptors in the striatum.[29,30] 
Lower thalamic iron levels were found in children with 
ADHD compared to controls, which indicates that 
decreased iron levels in thalamus may be implicated in the 
etiology of ADHD.[16]

However, several limitations of our study should be taken 
into consideration. First, the sample size was small, which 
may reduce the power of our analyses. Further studies 
with larger numbers of participants should be conducted 
to clarify the effect of iron supplementation on serum 

ferritin and ADHD symptoms. Second, in this study, we 
only used ferritin as an indicator of serum iron levels. 
Further studies should consider combining more indices 
reflecting blood iron status (transferrin, total iron binding 
capacity). Third, we used a fixed dose of ferrous sulfate/
kg body weight. More studies with different doses of 
ferrous sulfate are recommended. Fourth, serum ferritin 
may not completely reflect actual iron levels in the brain. 
Using MRI, Adisetiyo et al.[20] found lower levels of iron 
in the striatum and thalamus of medication‑naïve patients 
with ADHD. However, serum ferritin levels were not 
significantly different between medciation‑naïve patients 
with ADHD and healthy controls. To assess brain iron 
levels more precisely, studies using noninvasive methods 
such as brain MRI are recommended to assess brain iron 
directly.

Use of ferrous sulfate plus methylphenidate can be effective 
in decreasing ADHD symptoms in children. Regarding the 
findings, we can infer that use of ferrous sulfate alongside 
methylphenidate in nonanemic children with ADHD and 
iron deficiency caused a decrease in the scores on CSI‑4 and 
hence ADHD symptoms especially at the end of the 2nd month 
of treatment. Therefore, the psychiatrists in health‑care 
centers are recommended to prescribe ferrous sulfate.
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