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Correlation between serum ferritin levels and 
attention-deficit/hyperactivity disorder symptom 

scores in children based on the Abbreviated Conners 
Teachers Rating Scale
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Abstract
Background Dopamine deficiency is thought to be one of the 
factors causing attention-deficit /hyperactivity disorder (ADHD) 
in children. Iron contributes to the regulation of dopamine 
neurotransmitter activity, thus, iron deficiency has been associated 
with ADHD. Several studies have been conducted in other 
countries to assess for a correlation between serum ferritin levels 
and ADHD symptom scores, but with varied results.
ObjectiveTo examine the relationship between iron deficiency and 
ADHD symptoms, in particular the correlation between serum 
ferritin levels and Abbreviated Conners Teachers Rating Scale 
(ACTRS) scores in children with ADHD.
Methods This cross-sectional study was performed in children 

Neurology Outpatient Clinic, the Growth and Development-
Social Pediatrics Outpatient Clinic, and the Integrated Child 
Clinic of Cipto Mangunkusumo Hospital. ADHD diagnoses were 
established using Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV). Subjects’ parents and teachers 
were asked to complete the ACTRS instrument sheet. Venous 
blood specimens were obtained for peripheral blood and serum 
ferritin level tests.
Results

subjects were considered to be iron deficient. Median ACTRS

scores were found in the combined type subject group than in the 

Indonesia.
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inattention type subject group. Median serum ferritin levels of 
the two ADHD type groups were similar. Median ACTRS scores 
of parents and teachers tended to be higher in the iron-deficient 

ACTRS score.
Conclusion Serum ferritin level showed no correlation to ACTRS
scores of parents and teachers, respectively. However, the median 
ACTRS score was higher in the iron-deficiency group than in the 
normal iron status group, suggesting that there may be a qualitative 
relationship between iron deficiency and ADHD symptoms. 
[Paediatr Indones. 2012;52:329-35].
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Attention deficit-hyperactivity disorder 
(ADHD) is a behavioral disorder marked 
by lack of attention, impulsive behavior, 
and excessive activity. This psychiatric and 

behavioral disorder is most often found in children.
Nurifah2

ADHD remains unclear. Dopamine deficiency is 
thought to be among the various causes of ADHD.
Iron plays a role in the regulation of dopamine 
neurotransmitter activity, hence, iron deficiency has 
been associated with a number of neurological and 
psychiatric disorders, including ADHD.

A number of studies have looked for a correlation 
between serum ferritin levels and ADHD symptom 

et al.5

between ferritin levels and ADHD symptoms based 
on the Conners Parent and Teacher Rating Scale, but 
significant correlations were found only for oppositional 
symptoms (an ongoing pattern of antagonistic, defiant, 
and hostile behavior toward parents and other 
authority figures). Calarge et al.6 also found significant 
correlations between ferritin levels and both total and 
hyperactivity/impulsivity scores using the Swanson, 
Nolan and Pelham (SNAP) Rating Scale. Other 

examined the relationship between serum ferritin levels 
and ADHD symptom scoring using the Abbreviated 
Conners Teacher Rating Scale (ACTRS). The ACTRS
is a short and easy questionnaire which has been 
validated in the Indonesian language to be sufficient 
in sensitivity and specificity.

If low iron levels play a role in ADHD, iron therapy 
may potentially be given as an alternative to stimulant 
medications for children with ADHD and iron 
deficiency. Stimulant medications, the most common 
therapy considered to be effective for ADHD, have a 
number of unwanted side effects. The objective of this 
study was to assess a relationship between iron deficiency 
and ADHD symptoms, in particular a correlation 
between serum ferritin levels and ACTRS scores.

Methods

This cross-sectional study was conducted from 

Gading, the Neurology Outpatient Clinic, the 
Growth and Development Outpatient Clinic, and 
the Integrated Clinic, Department of Pediatrics 

criteria for ADHD based on the DSM-IV, were newly 
diagnosed, and had never received any intervention 
for ADHD. Subjects’ parents provided informed 

or other inflammatory conditions that might affect 
iron levels in the body. Subjects were collected by 
consecutive sampling. 

History-taking and careful observations were 
conducted on the patients newly suspected of 
having ADHD. The ADHD diagnoses were made 
based on DSM IV diagnostic criteria. Researchers 
gave the ACTRS instruments and explanation 
sheets to be filled by subjects’ parents and teachers. 
Subsequently, children provided venous blood 
specimens for the peripheral blood and serum ferritin 
level exams. Blood examinations were conducted 

photometry colorimetric method for the examination 

immunochemiluminescence method for ferritin 

Descriptive data was presented in text, graphics, 
and tables. Median (range) was used to describe 
most of the data due to the abnormality of most 

was performed to determine the correlation between 
serum ferritin level and ADHD symptoms using 
Pearson correlation test for normally distributed 
data, or Spearman correlation test if the data is not 
normally distributed. 

This study was approved by the Ethics Committee 

Hospital.

Results

most common type of ADHD found in our subjects 

and hyperactivity-impulsivity). Mean hemoglobin 
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categorized as normal or iron deficient. Subjects with 

status; only 5 subjects had iron deficiency. Subjects’ 
parents and teachers filled the ACTRS questionnaire 
for symptom scoring. Characteristics of the subjects are 
shown in Table 1.

In terms of the association between type of 
ADHD and serum ferritin levels, we found that 
the median serum ferritin level did not much differ 
between the inattention- and combined-type groups 
(there were no subjects with hyperactivity-impulsivity 
type alone).  However, the median parents’ and 
teachers’ ACTRS scores were higher in the combined 
type group. The median serum ferritin levels and 
ACTRS scores by ADHD type are summarized in 
Table 2.

The median parents’ and teachers’ ACTRS
scores tended to be higher in the iron-deficient group 

perform any statistical analysis since the sample size 
was too small to result in adequate statistical power. 
The median parents’ and teachers’ ACTRS scores 
based on iron status are shown in Table 3.

The distribution of serum ferritin levels and 
ADHD symptom scoring based on parents’ ACTRS
scores were normal, so we used the Pearson’s 
correlation test. The analysis revealed no correlation 
between serum ferritin level and parents’ ACTRS

Figure 1).

Table 1. Subjects’ characteristics

Characteristics Subjects
n=33

Sex, n
      Males 23
Median age of subjects, years (range)   7 (5-12)
Median age at onset, years (range)   4 (2-10)
ADHD type, n
      Inattention 13
      Hyperactivity-impulsivity   0
      Combined 20
Mean ferritin (SD), ng/mL 51.31 (27.7)
Mean hemoglobin (SD), g/dL 12.33 (0.7)
Iron status, n

  5
       Normal 28
Median parents’ ACTRS score (range) 15 (6-28)
Median teachers’ ACTRS score (range) 15 (8-22)

Table 2. Median (range) serum ferritin level and ACTRS 
scores according to ADHD type

Variables Inattention type Combined type
Ferritin level, ng/mL 48.7 (11.7-134.7) 48.9 (15.5-117.8)
Parents’ ACTRS score 10 (6-14) 18 (12-28)
Teachers’ ACTRS score 10 (8-13) 16.50 (10-22)

Table 3. Median of ACTRS score according to iron status

Variables
(n=5)

Normal
(n=28)

Parents’ ACTRS score 16 (14-24) 14.5 (6-28)
Teachers’ ACTRS score 16 (10-22) 12.5 (8-20)

Figure 2. Correlation between serum ferritin level and 
ADHD symptoms based on teachers’ ACTRS scores

Figure 1. Correlation between serum ferritin level and 
ADHD symptoms based on parents’ ACTRS scores
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Statistical analysis of a relationship between 
serum ferritin levels and ADHD symptoms based on 
teachers’ ACTRS was done by Spearman’s correlation 
test. The test revealed no correlation between serum 

Figure 2).

Discussion

and ACTRS scores, but the median of teachers’ 
and parents’ ACTRS scores tended to be higher in 
iron deficient group than in the normal iron status 

differences because of the study design and because 
the sample numbers in the iron-deficient and normal 
iron status groups were not sufficient. 

The use of ferritin to determine iron status 
was also a limitation in this study. Although serum 
ferritin is the best and earliest indicator to assess iron 
reserves and has a high specificity for iron deficiency,8

serum ferritin is also an acute-phase protein whose 
levels are elevated in an inflammatory state, making 
it difficult to interpret ferritin data in circumstances 
accompanied by infection or inflammation.
attempted to find any infectious or inflammatory 
conditions that affect ferritin levels through history-
taking and physical examinations, but these efforts 
may not have been adequate to detect the presence 
of inflammation. 

School-aged children suffer from ADHD more 
than other age group, therefore, our subjects were 

mean age of subjects reported by Calarge et al.6

were male, similar to those in the study by Calarge et
al.6

experience ADHD more than females.6

Based on the history-taking, the onset of ADHD 
symptoms varied, with a median age of 4 years. To 
fulfill the ADHD diagnostic criteria of the DSM-IV, 
symptoms of hyperactivity-impulsivity or inattention 

a median age of 4 years is in agreement with these 
criteria.

The type of ADHD was categorized into 
inattention, hyperactivity-impulsivity, or a combi-
nation of both types, based on the DSM-IV 
criteria. Most of our subjects had the combined 

et al.6 reported 

the true state of iron stores, since ferritin is an 
acute phase protein that may be elevated during 
inflammatory conditions. Similarly, Menegassi et 
al.  reported mean ferritin levels of 55.2 ng/mL.
However, Cortese et al.  reported a mean ferritin 

while Calarge et al.6 reported an even lower mean 

range of normal hemoglobin values   for children 

Similarly, Millichap et al.  found that the prevalence 
of iron deficiency in pediatric ADHD populations was 

 The ferritin 
cutoff value for diagnosing iron deficiency is still 
much debated. Some researchers have used higher 
cutoff values to diagnose iron deficiency in areas with 
a higher prevalence of malaria and other infections. 

et al.6 et
al.

The widely used normal ferritin range value   is
likely to confuse the evaluation of iron status, because 
it describes the value of normal range in a population 
and not the biological conditions in the body.
Previous study with bone marrow puncture as the 
gold standard showed that peripheral iron stores are 
not completely filled until serum ferritin levels of > 

of iron from the peripheral stores, penetrating the 
blood brain barrier, and entering the central nervous 
system are affected by the degree of peripheral iron 
stores saturation. Therefore, ferritin levels that are 
considered “normal” for the synthesis of hemoglobin 



Intan Alita Putri Tumbelaka et al: Correlation of serum ferritin levels and ADHD symptom scores

Paediatr Indones, Vol. 52, No. 6, November 2012 333

and myoglobin may not be enough to maintain the 
function of brain neurotransmitters.  Guyatt et al.
compared serum ferritin levels in adult patients with 
iron status assessed from bone marrow. In their study, 
the receiver-operating characteristic (ROC) curve 

levels below that value demonstrated low peripheral 
iron stores. Picchietti et al.  also recommended 

et al.
used a ferritin level of 45 ng/mL as the cutoff value 
and reported a prevalence of iron deficiency in the 

value of <45ng/mL for iron deficiency resulted in 
an increasing proportion of iron deficient subjects 

use in evaluating iron status for both clinical and 
research interests in the future, but further study in a 
pediatric population is needed.

In our study, the median parents’ ACTRS score 

et al.  in Sweden obtained a 

The ACTRS was chosen in this study because 
it has been validated for use in the Indonesian 
language and is reliable for screening ADHD cases 
in Indonesia with good sensitivity and specificity.

taken from the Conners teacher rating scale and the 
Conners parent rating scale, so it is considered to be 
easier and faster.

The median parents’ and teachers’ ACTRS
scores were higher in subjects with the combined type 
of ADHD than in subjects with the inattentive type. 
This result may be due to the individual items on the 
ACTRS. Items referring to hyperactive/impulsive 
symptoms are more numerous than items referring to 
inattentive symptoms. Therefore, subjects with the 
hyperactive/impulsive type, especially the combined 
type, will have higher scores than subjects with the 
inattentive type. By dividing subjects into two groups 
based on their iron status with a ferritin cutoff of 

and teachers’ ACTRS score tended to be higher in 
iron deficiency group. As of yet, we have found no 
other studies that compared mean ACTRS scores of 
subjects with iron deficiency to subjects with normal 
iron status.

not found a similar study assessing the correlation 
between serum ferritin levels and symptom severity 
using ACTRS. In comparing our results with that 
of other studies using different instruments, our 
correlation coefficients were relatively higher than 
or almost the same as study by Oner et al.,  Cortese 
et al.,  and Menegassi et al.,  especially for scores 
obtained from parents. Cortese et al.  reported no 

Parents Rating Scale (CPRS). Oner et al.  reported 
no correlation between ferritin levels and total CPRS

Menegassi et al.  reported a correlation coefficient of 

scored with the SNAP-rated scale. But compared 
et al., et al.,5

and Calarge et al.,6 our correlation coefficients were 
et 

al.

et al.5 reported a correlation 

score, but both were significant only for oppositional 
symptoms. Calarge et al.6 obtained a correlation 

The lack of correlation between serum ferritin 
levels and ACTRS scores may have been influenced 
by several factors. Normal or high ferritin levels 
might have been due to inflammatory effects and 
thus did not reflect a condition of iron stores. In 
addition, although serum ferritin level is considered 
to be a measurement of iron store in the body, it 
remains unclear how well peripheral iron indices 
correlate with central iron content. et 
al. stated that iron deficiency, mainly occurring 
in the period of brain development, can result in 
central nervous system iron misregulation, but 
this condition might not be adequately detected in 
measurements of peripheral iron indices.   Cortese 
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et al. also stated that the quantity of non-heme iron 
in the human brain is independent from body iron 
stores. Magnetic resonance imaging (MRI) and 
cerebrospinal fluid analysis may be used to determine 
the condition of iron deficiency in the brain, but 
these tests tend to be impractical, invasive, and 
relatively expensive compared to serum ferritin 
examination. In addition, studies using these two 
methods have not been conducted on ADHD 
populations, as of yet. Earley et al.  showed a 
decrease in cerebrospinal fluid ferritin levels in 
patients with restless legs syndrome (RLS), in whom 
serum ferritin levels did not differ significantly with 
the control group. Using MRI, Haba-Rubio et al.22

showed a decrease of brain iron levels in RLS patients 
who suffered from haemochromatosis. Different 
results were reported by Allen et al.  in which RLS 
patients with decreased iron concentration in the 
substantia nigra, in proportion to symptom severity. 
There have been varied results on the correlation 

evaluating brain iron levels in ADHD patients needs 
to be done to confirm the role of these minerals in 
the pathophysiology of ADHD, as well as to explain 
the correlation of brain iron with peripheral iron 
indices, such as ferritin. Despite lack of correlation 
between low ferritin level and higher ACTRS scores 
in our study, a relationship between iron deficiency 
and ADHD symptom severity cannot be ruled out. 
Since our subjects with iron deficiency had a higher 
median ACTRS score than that of the normal iron 
status group, it is possible that the relationship is 
more qualitative and not fully measurable by ferritin 
levels.

In conclusion, serum ferritin levels were not 
correlated with the parents’ and teachers’ ACTRS
scores. However, the mean ACTRS score was found to 
be higher in the iron-deficient group than in the normal 
iron status group, so a qualitative relationship between 
iron deficiency and ADHD symptoms is possible.
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