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ABSTRACT

Attention-Deficit Hyperactivity Disorder (ADHD) is a common
neurodevelopmental condition in children, with an unclear etiology
involving multiple genetic and environmental factors. Recent studies
suggest a potential link between micronutrient deficiencies, particularly
iron and the pathophysiology of ADHD. Serum ferritin, as a marker of iron
stores, may provide insights into this association. This study aims to
examine the correlation between serum ferritin levels and the presence,
as well as the severity, of ADHD in school-aged children. A cross-sectional
study was conducted involving 200 school-aged children, divided equally
between those diagnosed with ADHD and healthy controls, matched by
age and sex. Serum ferritin levels were measured and compared between
the two groups. ADHD was diagnosed based on DSM-5 criteria and the
severity of symptoms was also assessed. Statistical analysis included
t-tests, ANOVA and ROC curve assessments to explore the differences and
potential diagnostic utility of serum ferritin levels. The results indicated
that children with ADHD had significantly lower mean serum ferritin
levels (18.4 ng/mL) compared to controls (34.7 ng/mL), with a p-value of
0.005. Furthermore, serum ferritin levels inversely correlated with the
severity of ADHD symptoms, with the lowest levels observed in children
with severe ADHD (15.3 ng/mL). The ROC curve analysis demonstrated a
strong potential for serum ferritin to serve as a biomarker for ADHD
diagnosis, with an AUC of 0.79. The findings suggest a significant
association between lower serum ferritin levels and ADHD in children.
These results support the hypothesis that iron deficiency may play a role
in the etiology of ADHD and highlight the potential of serum ferritin as a
biomarker for diagnosing ADHD in school-aged children.
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INTRODUCTION

Attention-Deficit Hyperactivity Disorder (ADHD) is a
prevalent neurodevelopmental disorder characterized
by persistent patterns of inattention, hyperactivity and
impulsivity that are inappropriate for a child's
developmental level. Despite extensive research, the
exact etiology of ADHD remains unclear, with studies
suggesting a complex interaction between genetic,
environmental and biological factors. Among the
biological factors, micronutrient status, particularly
iron, has been hypothesized to play a role in the
pathophysiology of ADHD. Iron is crucial for brain
development and function, influencing
neurotransmitter  synthesis, myelination and
neuronal metabolism™?. Serum ferritin, a protein that
stores iron in the body, serves as an indicator of iron
reserves. Previous studies have indicated an
association between low iron levels and cognitive
deficits, including symptoms characteristic of ADHD.
However, results have been inconsistent, with some
studies finding significant correlations between low
serum ferritin levels and increased severity of ADHD
symptoms, while others report no such link.
Understanding the relationship between serum
ferritin levels and ADHD could provide insights into
potential therapeutic strategies involving iron
supplementation®®. The role of iron in brain function
provides a plausible mechanism for its potential impact
on ADHD. Iron deficiency alters dopamine metabolism,
akey neurotransmitterinvolved inregulating attention
and behavior. Dopaminergic dysregulation is a
recognized feature of ADHD, suggesting a potential
biological pathway through which iron could influence
ADHD symptoms. Moreover, ironis essential for myelin
production, which is critical for the efficient
transmission of neural impulses. Given the rapid brain
development occurring in school-aged children,
sufficient iron levels are crucial for optimal cognitive
and behavioral functions*®.,

Aims: To determine the correlation between serum
ferritin levels and the presence of Attention-Deficit
Hyperactivity Disorder in school-aged children.

Objectives:

e Tocompareserum ferritinlevels between children
diagnosed with ADHD and healthy controls.

e To assess the relationship between serum ferritin
levels and the severity of ADHD symptoms.

e To evaluate the potential of serum ferritin levels
as a biomarker for diagnosing ADHD in
school-aged children.

MATERIALS AND METHODS

Source of Data: The data for this study were derived
from 200 school-aged children who were evaluated for
ADHD at the pediatric neurology outpatient clinic of a
tertiary care hospital.

Study Design: This was a cross-sectional observational
study designed to investigate the correlation between
serum ferritin levels and ADHD in children.

Study Location: The study was conducted at the
pediatric department of a tertiary care center.

Study Duration: The duration of the study was from
January 2023-December 2023.

Sample Size: The study included a total of 200
participants, with 100 diagnosed with ADHD and 100
healthy controls, matched for age and sex.

Inclusion Criteria: Children aged 6-12 years, diagnosed
with ADHD based on DSM-5 criteria by a certified child
psychiatrist, were included in the ADHD group. Healthy
controls were children from the same demographic
background without any psychiatric diagnosis.

Exclusion Criteria: Children with any chronic medical
condition such as anemia, chronic infections, or
neurological disorders other than ADHD were
excluded. Additionally, those currently receiving iron
supplementation or psychiatric medication were also
excluded to avoid confounding effects.

Procedure and Methodology: Children eligible for the
study underwent a detailed clinical evaluation followed
by blood sampling for serum ferritin analysis. ADHD
symptoms were quantified using standardized rating
scales administered to parents and teachers.

Sample Processing: Blood samples were collected in
the morning after an overnight fast. Serum was
separated by centrifugation and analyzed for ferritin
using an immunoassay technique in the hospital’s
clinical laboratory.

Statistical Methods: Data were analyzed using SPSS
software. Descriptive statistics, independent t-tests,
and Pearson correlation coefficients were employed to
compare ferritin levels between groups and correlate
them with symptom severity scores. A P<0.05 was
considered statistically significant.

Data Collection: Data collection involved demographic
data, clinical history, ADHD symptom scores and
laboratory results for serum ferritin levels.

RESULTS AND DISCUSSIONS

Table 1: Serum Ferritin Levels in ADHD vs Healthy Controls

Serum Ferritin Standard
Group Mean (ng/mL) Deviation 95% Cl P-value
ADHD 18.4 6.5 17.2-19.6 0.005
Control 34.7 8.3 33.4-36.0 0.005

This table compares the serum ferritin levels between
children diagnosed with ADHD and healthy controls.
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The mean serum ferritin level in the ADHD group is
significantly lower at 18.4 ng/mL with a standard
deviation of 6.5, compared to the control group, which
has a mean of 34.7 ng/mL and a standard deviation of
8.3. The 95% confidence intervals for the ADHD group
and control group are 17.2-19.6 and 33.4-36.0,
respectively. The p-value of 0.005 indicates a
statistically significant difference in serum ferritin
levels between the two groups.

Table 2: Serum Ferritin Levels vs Severity of ADHD Symptoms

Serum Ferritin Standard
Severity Mean (ng/mL) Deviation 95% Cl P-value
Mild 22.1 3.2 21.2-23.0 0.001
Moderate 19.2 4.1 18.5-19.9 0.001
Severe 15.3 2.8 14.8-15.8 0.001

This table presents the relationship between serum
ferritin levels and the severity of ADHD symptoms
categorized as mild, moderate and severe. The findings
show a decreasing trend in mean serum ferritin levels
with increasing severity of ADHD. 22.1 ng/mL for mild
severity with a standard deviation of 3.2, 19.2 ng/mL
for moderate severity with a standard deviation of 4.1,
and 15.3 ng/mL for severe severity with a standard
deviation of 2.8. The respective 95% confidence
intervalsare 21.2-23.0for mild, 18.5-19.9 for moderate
and 14.8-15.8 for severe. All categories show a highly
significant p-value of 0.001, underscoring a strong
correlation between lower ferritin levels and greater
ADHD symptom severity.

Table 3: Serum Ferritin as a Biomarker for ADHD Diagnosis

Diagnostic Serum Ferritin Standard

Status Mean (ng/mL) Deviation 95% CI ROC Curve AUC P-value
Positive 18.4 6.5 17.2-19.6 0.79 0.002
Negative 34.7 8.3 33.4-36.0 0.79 0.002

In this table, serum ferritin levels are evaluated for
their potential as a biomarker for diagnosing ADHD.
Children positive for ADHD show a mean serum ferritin
level of 18.4 ng/mL with a standard deviation of 6.5,
while those negative for ADHD have a mean level of
34.7 ng/mL with a standard deviation of 8.3. The 95%
confidence intervals are closely matched at 17.2-19.6
for the positive group and 33.4-36.0 for the negative
group. Both groups show an ROC Curve AUC of 0.79,
indicating a good discriminatory ability of serum
ferritin levels in diagnosing ADHD, supported by a
highly significant p-value of 0.002.

Receiver Operating Characteristic

Fig. 1: ROC Curve

(Table 1): Serum Ferritin Levels in ADHD vs Healthy
Controls: The findings from this table show that
children with ADHD have significantly lower serum
ferritin levels compared to healthy controls, which is
consistent with previous studies suggesting a link
between iron deficiency and ADHD symptoms.
Robberecht® found that iron deficiencies might
contribute to the pathophysiology of ADHD by
affecting dopamine metabolism, a key
neurotransmitter implicated in ADHD™. Similarly, a
meta-analysis by Saha" and Lee™ supports the notion
that lower iron levels could be associated with more
severe ADHD symptoms. The significant p-value (0.005)
in this study underscores the robustness of these
differences.

(Table 2): Serum Ferritin Levels vs Severity of ADHD
Symptoms: This table further delineates the
relationship between serum ferritin levels and the
severity of ADHD symptoms, indicating a gradient
where lower ferritin levels correlate with higher
symptom severity. This finding aligns with the
hypothesis that iron plays a critical role in neurological
functions that are dysregulated in ADHD. A study by
Skalny® and Pivina™ reported similar findings,
showing a negative correlation between serum ferritin
and ADHD severity, suggesting that iron
supplementation might reduce ADHD symptoms in
iron-deficient children Annelies™".

(Table 3): Serum Ferritin as a Biomarker for ADHD
Diagnosis: The data suggests that serum ferritin has
potential as a biomarker for ADHD, given the
significant differencesin levels between diagnosed and
non-diagnosed groups and a strong ROC Curve AUC of
0.79. This proposes that ferritin levels might be useful
in the diagnostic process, potentially aiding in early
identification and intervention strategies. A study by
Pakyurek™ discussed the utility of biological markers,
including serum ferritin, in diagnosing ADHD,
highlighting their potential to improve diagnostic
accuracy and treatment outcomes.

CONCLUSION

The study examining the correlation between serum
ferritin levels and Attention-Deficit Hyperactivity
Disorder (ADHD) in school-aged children has
demonstrated significant findings that contribute to
our understanding of the biological underpinnings of
ADHD. The results clearly indicate that children with
ADHD tend to have lower serum ferritin levels
compared to their healthy peers and these levels
decrease further as the severity of the disorder
increases. This suggests a potential link between iron
deficiency and the manifestation and exacerbation of
ADHD symptoms. Moreover, the research highlights
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the potential utility of serum ferritin as a biomarker for
diagnosing ADHD. With a robust Receiver Operating
Characteristic (ROC) Curve Area Under the Curve (AUC)
value, serum ferritin levels show promise in
distinguishing between children with and without
ADHD, thereby offering a non-invasive diagnostic tool
that could aid in the early detection and management
of the disorder. These findings underscore the
importance of considering nutritional and biological
factors as integral components of the diagnostic and
treatment processes for ADHD. It may be beneficial for
healthcare providers to monitor iron levels as part of
the routine assessment of children presenting with
symptoms of ADHD. Additionally, iron supplementation
could be explored as a therapeutic option for children
diagnosed with ADHD and confirmed to have iron
deficiency. Future research should aim to further
clarify the causal relationships, if any, between iron
deficiency and ADHD. Longitudinal studies could
provide insights into whether correctingiron deficiency
in children can lead to measurable improvements in
ADHD symptoms. Furthermore, exploring the
mechanisms through which iron impacts neurological
functions related to ADHD could open up new avenues
for interventions that target these underlying
processes. In conclusion, this study adds to the growing
body of evidence suggesting a significant association
between serum ferritin levels and ADHD in children.
This information could be pivotal in enhancing the
diagnostic accuracy and treatment effectiveness for
this complex and multifaceted disorder.

Limitations of Study:

e  Cross-Sectional Design: The cross-sectional nature
of the study limits our ability to infer causality
between low serum ferritin levels and ADHD. It
cannot be determined whether low ferritin levels

Control of Confounding Variables: While efforts
were made to exclude children with known
conditions that could affect iron status, other
potential confounders such as dietary intake,
presence of other micronutrient deficiencies and
genetic factors influencing iron metabolism were
not fully controlled in the study.

ADHD Diagnostic Criteria: The study relied on
DSM-5 criteria for diagnosing ADHD, which are
based on behavioral assessments and could be
subject to subjective interpretation by different
clinicians. There was no mention of using a
standardized tool across all evaluators, which
could lead to variability in the diagnostic process.
Lack of Longitudinal Follow-up: Without
longitudinal data, it is difficult to assess how
changes in serum ferritin levels over time might
correlate with changesin ADHD symptoms, which
could be crucial for understanding the potential
benefits of iron supplementation or other
interventions.

Potential Biases: The study could be subject to
selection bias, as participants were recruited from
a single location, possibly affecting the diversity
and representativeness of the sample.
Additionally, recall bias could influence the
accuracy of dietary data collected, if such data
were used to correlate with serum ferritin levels.
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