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Autism spectrum disorder is a neurodevelopmental disorder characterized by impairment in motor, social, and sensory functions.
Considering that atypical microbiota and gastrointestinal disturbances compromise general health and exacerbate stereotypic
behaviors, the nutrition problems an autistic child faces will be far more complicated than those of a typically developing child.
These circumstances call for specific nutritional interventions to manipulate the composition of the diet to alleviate autistic
manifestations. This article reviews the possible application of nanoparticle delivery systems in treating iron deficiency in autistic
children. Literature regarding the application of nanoparticles in nutritional interventions for children with ASD was referred to in
databases of Google Scholar and PubMed. Full texts that were published within the last 15 years were reviewed critically for their
contents. 23 abstracts were reviewed, 22 full papers were reviewed, and 12 papers were included in the study; 6 in vivo, 6 in ID in
ASD. It is further evident that conventional oral iron supplementation is neither a safe nor an effective treatment option for this
population, given its potential to exacerbate any preexisting gastrointestinal problems. Nanoparticles have been demonstrated
as a potential novel approach to managing gastrointestinal disorders associated with autism while rectifying iron deficiency
and minimizing gastrointestinal side effects. This article explores how nanoparticles present a great potential as an alternative
treatment for iron deficiency in children with ASD, which may decrease stereotyped behavior and improve general health in these
children.
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Introduction

Autism, or autism spectrum disorder (ASD), is a complex devel-
opmental condition involving persistent challenges with social
communication, restricted interests, and repetitive behavior1.
The prevalence of ASD is 2.5% among US children2, and ap-
proximately 1/100 children are diagnosed with ASD around
the world3. This growing prevalence underscores the urgent
need for innovative treatment strategies that address not only the
core symptoms of autism but also its associated comorbidities,
such as iron deficiency anemia (IDA). Iron deficiency is the
most prevalent single-nutrient deficiency worldwide and results
in anemia, decreased immune function, retarded growth, and
impaired thermoregulation4, and ultimately, irreversible neu-
rocognitive and behavioral deficits5,6. Specifically, IDA may
lead to impaired cognitive function, slowed growth, impaired
concentration, and mood changes in autistic children7.

IDA is prevalent among children with autism, and they are
at a higher risk compared to neurotypical peers7–9. A study
in Turkey found that in children with autism, 24.1% of them
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had iron deficiency, and 15.5% had anemia10 A study led by
Latif et al. in UK also showed a high prevalence of 52% with
low serum ferritin among ASD children7 and Dosman et al. in
Canada reported higher prevalence of low ferritin11, confirming
that iron deficiency and anemia are common in children with
autistic disorder. The contributing factors that may predispose
children with ASD to iron deficiency include the relationship
between dietary iron intake and ferritin. In a human obser-
vational study, there was a statistically significant association
between low ferritin and food preferences (ie, color, texture),
indicating that dietary behaviors might influence nutritional sta-
tus. Additionally, these dietary restrictions may contribute to
GI issues like constipation or diarrhea12,13. In addition, some
children with ASD may have deficiencies in digestive enzymes,
which can impact the breakdown of food components. This
inadequate enzyme activity can lead to malabsorption and GI
disturbances14.

Currently, ASD treatments are largely focused on physical
or psychiatric aspects, leaving patients burdened by the gas-
trointestinal disorders that impact patients with ASD. The dys-
function of absorption and special gastrointestinal disorders that
children with autism suffer from result in impaired quality of
life, and mitigating these issues can promote the well-being of
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children with ASD, leading to better behavior, cognitive func-
tion, and educational abilities13. Current treatments for IDA
typically involve oral iron supplements; however, these can
exacerbate gastrointestinal (GI) disturbances15, which are par-
ticularly problematic for autistic individuals who may already
experience heightened sensitivities.

The advent of nanoparticle technology offers a promising al-
ternative for delivering iron supplements more effectively while
minimizing side effects. Nanoparticles are tiny materials with a
size range from 1 to 100 nanometers (nm). This nanoscale size
gives them special physical and chemical properties due to the
high surface area16, allowing them to be widely utilized in food
fortifications17 and drug delivery systems18,19. Nanoparticles
make iron more bioavailable and reduce GI discomfort via tar-
geted delivery throughout the body. Nanosized iron preparation
can resolve the issues of GI disturbances and malabsorption.
The surface area of iron compounds is increased by reducing
their particle size, which improves their solubility in gastric
juice and boosts their absorption20, improving the bioavailabil-
ity of active ingredients and introducing controlled and targeted
release21.

Studies have demonstrated that iron nanoparticles are efficient
compared to iron salts in treating anemia and are relatively non-
toxic compared to the latter22. However, despite this potential,
there is very scarce literature on the use of nanoparticles for
the treatment of IDA in autistic populations, and there are no
reviews about their use in this respect within the context of
autism.

To address this gap, this paper uses primary and secondary
research to explore the possibility of nanoparticles for treating
autistic children with IDA in the form of a literature review.
This analysis will underscore the need for research focusing on
the unique physiological characteristics of autistic children in
nutritional supplements.

Methods

We conducted three literature searches to address the following
aims: (1) identify primary human clinical studies that discuss the
prevalence, risk, and current interventions for iron deficiency
anemia in ASD, (2) in vitro studies that evaluate the use of
nanoparticles in populations other than those with ASD, and (3)
human experimental studies that evaluate the use of nanoparti-
cles in ASD. Each investigation was conducted under unique
requirements for their own purpose, and the whole reviewing
process is shown in the chart.

Human Experimental Studies (IDA in ASD)
We conducted a literature review of primary sources (human

clinical studies) in Google Scholar and PubMed databases from
2003 to 2024, using the search terms “iron deficiency” and
“autism spectrum disorder”.

Titles and abstracts were reviewed to determine relevance.
Abstracts were excluded if they did not include primary data
about iron deficiency anemia in ASD. Six studies were selected
for full review. Of the six studies, one study was excluded for
not providing a quantitative evaluation of IDA outcomes. Five
papers studying autistic symptoms related to iron supplement
treatment were selected for inclusion in this review. The review
of primary sources ensures that the discussion focuses on iron
deficiency anemia, exploring the potential for nanoparticles in
the delivery system.

In Vitro Studies (Nanoparticles in ASD)
We conducted a second literature search for in vivo experi-

mental studies using nanoparticles to deliver iron supplements
in populations not specific to ASD. The inclusion/exclusion
criteria for this search were as follows:

Inclusion:

1. The study discusses the use of nanoparticles and iron defi-
ciency status

2. The study method includes case study, case-control, ran-
domized controlled trials, and systematic reviews.

3. Provide specific statistics for the outcomes of the exper-
iments(hemoglobin, hematocrit, iron, ferritin, MCV, and
RDW).

Exclusion:

1. The subjects of the study do not have iron deficiency ane-
mia

2. The study was not published in English
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3. The piece is a book chapter.

Each paper’s abstract was first reviewed to ensure the study’s
relevance and confirm access. Then they are assessed to see
whether they satisfied the above inclusion and exclusion criteria.
We reviewed 16 full papers, and 6 were included in the final
analysis; the rest were excluded for not satisfying the inclusion
requirements and not providing accessible data.

Human Clinical Studies (Nanoparticles in ASD)
We conducted a third literature review using the keywords

“GI disorders”, and “application of nanoparticles”. Abstracts
were reviewed to ensure relevance to ASD or IDA, reference to
primary studies, and to draw quantitative conclusions about the
relationship between ASD and IDA (using the outcome metrics
above).

Studies chosen for inclusion were evaluated for the following
components:

• The content is highly relevant to power the analysis

• A study design appropriate for the proposed research ques-
tion (case-control, randomized controlled trial)

Only studies that met this quality assessment were included for
full review.

Data Analysis and Presentation
Before data analysis, all included studies were screened to

identify a clear risk of bias, such as lack of randomization,
large lost-to-follow-up rates, and appropriate treatment of con-
founders, etc. These biases were noted and discussed in the
discussion section.

The data of the included studies were recorded using a spread-
sheet recording the citation, keywords, the methodology, and
the primary outcomes, separated by study type. The main out-
comes assessed include the association between ASD and Iron
deficiency and changes in the concentration of iron markers like
hemoglobin, hematocrit, iron, ferritin, MCV, and RDW. Out-
comes were tabulated and visualized using Microsoft products.

Nanoparticles Overview

Various nanoparticles have been developed to treat IDA, includ-
ing iron (Fe) oxide nanoparticles, iron solids, lipid nanoparticles,
iron oxide magnetic nanoparticles-loaded liposomes, and zinc
oxide nanoparticles. Nanoparticles are synthesized using differ-
ent techniques, such as flame spray pyrolysis, co-precipitation,
and hot homogenization/ultrasonication. It is very challeng-
ing to form iron into a micro-nutrient for fortification in food
because of its high reaction rate with the different active sub-
stances within the food matrix. Compared with conventional
iron fortificants, nanoparticles are better tolerated in the gut
lumen and have superior bioavailability than conventional iron
fortificants23. The reduction in particle size of iron compounds

saves the esophagus and gastrointestinal tract from harsh effects,
increases the surface area of iron salts, increases the solubility
of the gastric juices, and increases absorption24.

The use of nanosized iron compounds produces less
organoleptic change in food vehicles than that caused by water-
soluble iron complexes. The absorption of Fe in the gastrointesti-
nal tract is good in the absence of comorbidities23. However,
several safety concerns about nanoparticles exist, especially re-
garding oral exposure or their use as fortificants, which require
more in vivo studies to determine nanoparticles’ safety when
applied.

Results

Improving IDA could mitigate symptoms in chil-
dren with ASD

Several studies have verified that children with autism have an
increased risk of iron deficiency. The prevalence of iron de-
ficiency among children with ASD is 7.5%, and hemoglobin
levels in children with ASD are lower than those among normal
children8. Furthermore, the adverse effects of IDA on brain de-
velopment have been widely accepted, and behavioral problems
in children with IDA have been expected more often5,24. In
one study that attempted to assess the association of low serum
ferritin with sleep disorders in children with autism (n=33), 77%
of parents of autistic children who have IDA reported that their
children have suffered from sleep disorders and gastrointestinal
symptoms, suggesting malabsorption as a possible cause of iron
deficiency in autism.

When the children with sleep disorders and autism were
treated with iron supplementation, improvement in sleeping
behavior was reported25. IDA also leads to cognitive impair-
ment, growth retardation, concentration problems, and mood
changes, which can further deteriorate their already damaged
means of communication and behavior during development7,26

(Table 1).
Common iron supplementation typically requires a dose of

60-120 mg of elemental iron per day to be effective27,28. Cur-
rently, many common iron oral supplements, such as ferrous iron
salts, polysaccharide-iron complex, and heme iron, are widely
used. However, much research has indicated many side effects,
including constipation, nausea, and vomiting29. Additionally,
there’s an obvious association between patients with high rates
of GI issues with taking oral iron formulations, including ferrous
fumarate, ferrous gluconate, and ferrous sulfate.

This association might be due to the production of free rad-
icals that can lead to inflammation and the changes to the gut
microbiota composition or metabolism15,30.
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Table 1: Summary of the Effect of ID/IDA on the Autistic Population
Reference Title Sample / Population Research Design Main Outcome
Scout
McWilliams
et al.

Iron deficiency and
common
neurodevelopmental
disorders—A scoping
review

Literature search using
“iron deficiency
an(a)emia” AND
“ADHD” OR “autism”
OR “FASD”

Scoping review • Intellectual disability
• Association of ID and ASD / ASD severity
• Selective eating habits and gastrointestinal
comorbidities

Dosman et al. Children with Autism:
effect of iron
supplementation on
sleep and ferritin

33 participants (27
males, 6 females),
mean age 6y6m
(2y8m–10y9m)

Experimental Study • Gastrointestinal symptoms and malabsorp-
tion
• Relation between iron deficiency and sleep
disorders in ASD children

Latif et al. Iron Deficiency in
Autism and Asperger
Syndrome

96 children (52 autism,
44 Asperger)

Experimental Study • Impaired cognitive function, slowed
growth, impaired concentration, and mood
changes
• Many ASD children had low serum ferritin,
possibly contributing to ASD development

Abbott R. The effects of iron
supplementation on
cognitive function in
infants and children

Children and
adolescents in schools
in Austria

Experimental Study • Prevents sufficient stimulus and skill devel-
opment
• ID/IDA may increase severity of autistic
symptoms in children with ASD

Grantham-
McGregor S et al.

Poorer behavioral and
developmental
outcomes more than
10 years after
treatment for iron
deficiency in infancy

191 participants, 87%
reevaluated at 11–14
years

Experimental Study • Negative effects on brain development
• Social interaction problems and learning
disabilities

Improved digestion and absorption of iron via
nanoparticles

The commercial iron supplements often prove unsuitable for
children with ASD due to their inherent gastrointestinal (GI)
issues and malabsorption tendencies 30 13. Studies show that
children with ASD usually exhibit poorer malabsorption and
experience more GI disorders, including constipation, diarrhea,
and abdominal pain. The prevalence of GI symptoms in chil-
dren with ASD has been reported to range from 9 to 70% and
higher31, and these symptoms can be exacerbated by traditional
iron supplements. Unusual sleep, oppositional behavior, and
rigid-compulsive behaviors have all been found to be signifi-
cantly associated with GI problems among children with ASD32.
This special situation, with the potential for exacerbating GI dis-
tress, raises concerns and renders conventional treatments less
effective. Therefore, there is an urgent need for alternative
treatments for iron deficiency in this group. Nanoparticles are a
promising alternative method due to enhanced absorption and re-
duced side effects in the GI tract. Besides improving absorption
in the intestinal tract due to their high surface-to-volume ratio,
they may reduce the GI disturbances associated with traditional
iron supplements23. Novel formulations, including spherical
lipid-coated particles, microspheres, nanoparticles, SLNs, li-
posomes, and sucrosomial iron (Table 2) have been developed

to reduce GI side effects. The encapsulated iron helps to im-
prove bioavailability based on higher solubility and permeability
due to the lipoidal outer surface, bypassing carrier-mediated ab-
sorption33. This characteristic makes nanoparticles particularly
suitable for children with ASD, who often experience height-
ened GI sensitivities.

Nanoparticles’ reduced size provides improved
solubility

Nanoparticles have a size ranging between 1 and 100 nm. Such
a dimension range implies higher solubility and tolerance with
fewer side effects, making it an excellent condition for delivering
iron to ASD children. A few of the recent studies relating to
applying nanoparticles for site-specific drug delivery in the GI
tract, thus enabling drug administration without compromising
the effectiveness of other treatments, owing to adverse side
effects18,34. The high specificity and solubility of nanoparticles
have thus resulted in the reduced dosage required. Besides this,
it ensures the stabilization of the compound, which is much
more effective than the commercially available one in its pill
form18.

Other area considerations into nanoparticle enhancement in-
clude vitamin D and folic acid, whose specific findings regarding
their potential to improve nutrient bioavailability in malabsorp-
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Table 2: Differences Between Common Types of Nanoparticles
Type of Nanoparticles Synthesis Method Size Range Properties
Carbon-based NPs Co-precipitation 1–100 nm Electrical conductivity, high strength, structural stability,

electron affinity, and adaptability

Zinc nanoparticles
(ZnONPs)

Combustion methods;
ultrasound; microwave-assisted
combustion;
mechanochemical–thermal
synthesis; anodization;
co-precipitation

1–100 nm Catalytic, electrical, optoelectronic, and photochemical
capabilities

Copper nanoparticles
(CuNPs)

Top-down EEW approach 1–100 nm Antibacterial and antifungal activity

Iron nanoparticles
(FeNPs)

Co-precipitation; flame spray
pyrolysis

1–100 nm Low toxicity

Lipid-based NPs Ultrasound; co-precipitation 10–1,000 nm Contain lipid moieties

tion syndromes have been established. Thus, this adds to the
possible areas of interest related to iron supplementation35. Re-
cent nanotechnology-based drug delivery systems, thus, hold
both targeted and sustained release, which would overall mini-
mize possible adverse effects since site-specific delivery within
the body has already been attained19.

Nanoparticles improve iron delivery better than
conventional treatment options
Studies are using different types of nanoparticles to validate the
effectiveness of them in the iron delivery system. The design
of the experiments and the key results of each study are sum-
marized to show the consistent effectiveness and compare the
ability of nanoparticles in improving IDA (Table 3).

An in vivo study conducted by Elshemy et al. compares the
use of iron oxide nanoparticles and ferrous sulfate in the treat-
ment of IDA in rats. By dividing 30 anemic rats into a control
group, a ferrous sulfate group, and an iron oxide nanoparticles
group with a 0.4 mg/kg dose for 10 days, it showed that iron
oxide nanoparticles induced a significant increase in Red Blood
Cell (RBC) count and hemoglobin concentration36 (Figure 1.
A). The concentration of RBCs (106/µL) increased 27.1%, Hb
(g/dL) increased 48.8%, and Hct increased 42.7%. On the other
hand, Ferrous sulfate induced a RBC increase of 10.2%, Hb
36.5%, and Hct 31.4%. Moreover, there was a significant in-
crease in serum ferritin, transferrin saturation, and serum iron
levels in iron oxide nanoparticles and ferrous sulfate groups
when compared to the control group. Additionally, there was
a significant decrease in C-reactive protein and serum MDA
level in the iron oxide nanoparticles group when compared to
the anemia group, which indicates the reduction of acute inflam-
mation and oxidative stress, showing the potential of iron oxide
nanoparticles in solving IDA as an anti-inflammatory substance.

Another study by F. Hashem et al. compares the efficacy of
commercial iron products, uncoated iron oxide nanoparticles,
and folic acid-coated iron oxide nanoparticles on treating iron
deficiency37. For Mean blood Hb concentrations before and af-
ter 4 weeks of treatment with a dose of 2 mg/kg, the commercial
iron product shows a change of mean blood hemoglobin concen-
tration increased by 118.95% (g/dl±SD, n=4). For uncoated iron
oxide nanoparticles, it increased by 163%. Folic acid-coated
iron oxide nanoparticles change by 294.5%. With a dose of 4
mg/kg, Commercial iron products increased by 178.87%, un-
coated iron oxide nanoparticles increased by 206%, and folic
acid-coated iron oxide nanoparticles increased by 297.02% (Fig-
ure 1. B). The higher efficiency of iron oxide nanoparticles
shown in the data is potentially caused by the enhanced bioavail-
ability by increasing the surface area, which matches the re-
search showing that nanosized particles can improve the cellular
uptake and oral bioavailability.

Moreover, Helmy et al. compared the nanosized magnetite
capped with a vitamin mixture with Ferric Chloride to anemic
rats in 7-day treatments38. Iron oxides nanoparticles are capped
with a mixture of multivitamins such as folic acid, Nicotinic acid
(vitamin B9) and Ascorbic acid (vitamin C). They found that a
small single dose of iron oxides-multivitamin nano-composite,
as low as 25 mg elemental iron per dose, is sufficient to increase
the hemoglobin level 177% within only four days after admin-
istration, and 100mg per dose can increase by 227% compared
to the FeCl3 180% in 7 days (Figure 1. C). Additionally, there
are no signs of toxicity in organs such as the liver, brain, spleen,
kidney, and duodenum.

Iron solid lipid nanoparticles (Fe-SLNs) have also been stud-
ied by Hosney et al.39 12 albino male rabbits weighing between
2 kg-2.5 kg were treated with 10mg/kg of ferrous sulfate tablet
(control), and Fe-SLNs formulation and observed for 24 hours.
Through an in vivo pharmacokinetic study, found that there was
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a statistically significant difference in the maximum plasma con-
centration and time required to reach maximum plasma level be-
tween the Fe-SLNs (330.51±15.18ng/mL and 0.75±0.3h) and
the marketed tablet (90.22±8.21ng/mL and 2.0±0.2h), which
indicated that using Fe-SLN increased the bioavailability by
more than fourfold compared to Iron marketed tablet.

In a study examining iron solid lipid nanoparticles, after ane-
mia induction, rats were treated with FeSO4, iron oxide mag-
netic nanoparticles-loaded liposomes (LMNPs), and Iron oxide
magnetic nanoparticles (MNPs) with a dose of iron at 12 mg/kg
of body weight for 13 days. Hb values of the control group,
FeSO4, MNPs, and LMNPs groups after anemia induction were
7.05, 7.15, 7, and 7.3 g/dl, respectively40. Hb value from LM-
NPs increased by 77.1%, which was significantly different from
FeSO4 (40.8%), MNPs (39.0%), and control groups (18.4%).
For RBCs concentration, after induction of anemia, the RBC
count significantly decreased for all groups (4.1, 3.9, and 4.18
(million/cmm) for LMNPs, MNPs, and FeSO4, respectively.
Thirteen days after treatment, the concentration of RBCs in LM-
NPs increased 68.7%, which indicated a remarkable increase in
their RBC count over the MNPs group (48.7%) and the FeSO4
group (53.1%) (Figure 1. D). The result of this study matches
those of previous studies, which confirmed that naturally synthe-
sized liposomal carriers increased the bioavailability of different
drug molecules, resulting in higher bioavailability of LMNPs
over FeSO4 and iron oxide magnetic nanoparticles. Addition-
ally, the results of RBCs portray the benefits of liposomes. They
protect the body from iron toxicity and prevent iron interaction
with the surroundings in the gastrointestinal tract, demonstrating
their ability to reduce the side effects of the supplementation on
GI issues.

In a study evaluating zinc oxide particles, participants were al-
located to chronic (1 Month) or acute(24 hours) treatment groups
with 0.3 mL suspension of nanoparticles (10 mg/mL)41. The
acute group’s results show that RBC count and Hb significantly
increased in two Fe3+, 2+ groups at 24 h and one week after
nanoparticle application. In the chronic application of Fe3+,
2+, ZnO nanostructures were the most effective in increasing
ferritin levels and improving hematological parameters, with
no influence on hepcidin expression. The level of hemoglobin
was significantly increased in almost all experimental groups.
The study found that iron-doped ZnO nanoparticles improved
hematological parameters efficiently, such as hemoglobin, RBC,
and hematocrit, in hematopoietic tissues without inducing toxic
side effects or altering hepcidin expression. The nanoparticles
were found to be biodegradable, with gradual release of iron
ions, which can mitigate some toxic effects of iron-doped sub-
stances. However, the study pointed out the potential impact of
chronic application of iron oxide nanoparticles on neurological
and physiological disturbances. This indicated the concerns of
the long-term impact of nanoparticles as oral supplements.

Discussion

Iron deficiency anemia (IDA) was highly prevalent in the chil-
dren with ASD, with prevalence ranging from approximately
15.6% to 52% in studies focusing on iron status in various re-
gions. Several studies note possible contributing factors, includ-
ing patient food preferences, leading to restricted diets, and the
prevalence of GI disturbances that result in poor iron absorption,
which may make eating iron-containing foods challenging. Sev-
eral studies hypothesize that there may be differences in enzyme
activity levels, such as GABA-aminotransferase and dopamine,
whose function could be compromised by iron deficiency. In
children with ASD, however, determining the pathology of poor
iron absorption in ASD would require studies using advanced
biomarkers of iron metabolism and absorption in children with
ASD.

Historically, studies have assumed that ASD was causative of
low serum ferritin. However, some studies have also hypothe-
sized that, conversely, low serum ferritin may be a contributing
factor to the development of ASD8. Supportively, it has been
documented that children with ID and IDA have a high incidence
of disturbed brain development, which could point to malab-
sorption syndrome and poor neurodevelopment. This discussion
of potential causation is of particular importance because if, in
fact, low serum ferritin is contributing to the development of
ASD, then addressing IDA in children with GI disorders may be
of greater importance than previously thought42, underscoring
the importance of studies addressing alternative methods of iron
supplementation in this population.

Iron supplementation was again noted to be associated with
improved sleep behavior among children with autism and sleep
disorders, hence possibly linking iron deficiency and sleep dis-
orders among children with autism spectrum disorder. Such
deep-rooted and widespread consequences of iron deficiency on
development and health have led to IDA treatment being one of
the main components in their therapy for these children. How-
ever, studies have shown that conventional iron supplements do
not take the specific needs arising from such a condition into ac-
count because it may exacerbate GI issues, which is particularly
important for children with ASD who might already experience
gastrointestinal problems. Although there are no studies that
examine this specifically in ASD, ASD has a high burden of
GI symptoms. There are studies show that nanoparticles can
minimize GI issues and malabsorption, so they have a great
potential to be useful in this population.

This kind of delivery would have reduced the most challeng-
ing systemic adverse effects in this highly sensitive group. So
far, changes in several parameters have indicated that nanoparti-
cle systems will be invaluable in iron delivery, with various in
vivo studies demonstrating this. Reduced dosage and perhaps a
more favorable profile of possible side effects may ensure better
compliance and a more pleasant experience in ASD children.
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Fig. 1: The change in concentration of HB (g/dL) in in vivo studies
A. 0.4 mg/kg dose of Iron Oxide Nanoparticle (Uncoated), Ferrous Sulfate for 10 days; B. 2 mg/kg dose of Folic Acid Coated
Iron Oxide Nanoparticle, Iron Oxide Nanoparticle (Uncoated), Commercial Iron Product for 4 weeks; C. 100mg/kg does of
Nano-sized Magnetite capped with Vitamins, FeCl3, and Vitamin Mix(Control) for 7days; D. 12 mg/kg dose of Iron Oxide
Magnetic Nanoparticles-Loaded Liposome, Iron Oxide Magnetic Nanoparticles, FeSO4, and control for13 days.

Nanoparticles appear to be a potential solution. However, the
extensive usage of NPs may cause oxidative stress and lead to
health issues43, and some metal oxide nanoparticles also have
the risk of accumulating in nucleus where they damage the
DNA44, which might lead to concerns about their bio-toxicity
and long-term safety issues.

Through the animal experiments, all the nanoparticles show
a significant improvement in iron parameters, indicating their
ability to mitigate IDA with high efficiency. Iron oxide NPs
are usually very cost-effective to obtain nanoparticles, and their
controlled shape and small sizes allow them to interact and
bind with metal ions efficiently45. However, various studies
have reported probable accumulation of these NPs in spleen and
kidney46. Specifically, ingesting it might lead to harmful side
effects to organs, such as lung cancer47, which might lead to
some safety issues on the long-term usage of these NPs.

Iron solid lipid nanoparticles usually perform better bio-
compatibility and good entrapment efficiency48. The existence
of lipid in SLN is effective in preventing acute and chronic

toxicity49. Additionally, the form of solid lipid enables its slow-
down of lipid digestion, therefore leading to a sustained release,
improving the stability, and increasing the absorption after incor-
poration into solid lipid nanoparticles. Under the same situation,
folic acid-coated iron oxide shows greater ability than uncoated
iron oxide nanoparticles in improving the Hb concetration. This
phenomenon might be explained that the folic acid coating acts
as a stabilizer to prevent the aggregation and or reaction with
other components in the gastrointestinal tract, which enhance
the solubility of iron core. On the other hand, the applications
of SLN still exists several concerns. The traits of SLN might
sometimes result in unpredictable gelation tendency49, leading
to the failure or instability of drug absorption for children with
autism.

Furthermore, for other metal-doped iron oxide nanoparticles,
their smaller sizes tend to exhibit higher absorption efficiency,
and their simplicity and large-scale synthesis lead to a wide
range of applications in different fields50. However, there exists
toxicity that is related to ZnO-NPs, including the oxidative stress
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Table 3: Summary of Study Designs and Key Results of In Vivo Studies

Nanoparticles Studies Dose Animal Used Hemoglobin
(Hb)

Unique
Parameter

Iron Oxide
Nanoparticles
(Uncoated)

Elshemy et al. 0.4 mg/kg b.w. / 10
days (drinking
water)

Forty male albino rats,
125 g

48.8% (18.46 ±
0.33 g/dL)

Significant
decrease in
C-reactive protein
and serum MDA
level

Iron Oxide
Nanoparticles (Folic
Acid-Coated)

F. Hashem et al. 2 mg/kg and 4
mg/kg for 4 weeks

Thirty-two female
Wistar rats, 3 weeks old,
100 ± 10 g

294.5% (15.9 ±
0.57; 16.0 ±
0.71 g/dL)

Higher Hb
concentration
versus uncoated
IONPs at same
dose

Nano-Sized Magnetite Helmey et al. 100 mg/kg Five-week-old Albino
rats, Wisconsin
Holtzman strain,
150–160 g

227% (14.6
g/dL)

Hemoglobin
concentration
exceeded all other
groups, including
non-anemic

Iron Solid Lipid
Nanoparticles
(Fe-SLNs)

Hosny et al. 10 mg/kg Twelve albino male
rabbits, 2–2.5 kg

– Increased
bioavailability
>4× compared to
marketed iron
tablet

Iron Oxide Magnetic
NPs-Loaded Liposomes
(LMNPs)

Fathy et al. 12 mg/kg b.w., 13
days

Thirty-five adult female
Wistar rats, 100–120 g

77.1% (12.93
g/dL)

Histopathological
structures of liver,
spleen, and kidney
remain normal

Iron Oxide Magnetic
Nanoparticles (MNP)

Fathy et al. 12 mg/kg b.w., 13
days

Thirty-five adult female
Wistar rats, 100–120 g

39.0% (9.73
g/dL)

–

Zinc Oxide NPs
(Fe-doped)

Kielbik et al. – Adult Mice Significantly
increased

No effect on
hepcidin;
improves ferritin
with chronic
application

and inflammation induced by the accumulation of zinc ions51,
which might induced damage to the brain has a strong potential
to negatively impact normal CNS functions52. The existence
of oxidative stress might make it unsuitable for children with
autism, who are extremely sensitive toward oxidative stress, and
it might has the potential of harming the gut microbiota that can
further exaggerate the ASD symptoms.

Overall, while these studies underscores all available evidence
on the prevalence of ID/IDA on children with ASD, the severe
risks of it that impacts on these children’s development, and
the in vivo potential use of nanoparticles, it includes several
limitations: There are limited experimental studies with consis-
tent outcomes that can be compared across studies, only animal
studies are available to answer the questions on nanoparticles,
which may not be directly translatable to this topic in humans,

and some of the studies have some small sample size that may
not lead to reliable outcomes.

Even so, this literature review effectively set the stage for
future experimental studies on nanoparticles would be a possi-
ble solution concerning the delivery of iron among the autistic
population intolerant of conventional supplements, specifically
including the experimental design that compares the efficacy of
traditional treatment of IDA to nanoparticle treatment.

Therefore, nanoparticles would be a possible solution con-
cerning the delivery of iron among the autistic population intol-
erant of conventional supplements.

However, there is no paper that links iron nutrient delivery via
nanoparticles to autism, which has potentially left a number of
safety concerns regarding such a delivery system. This finding
indicates the need for further investigation about the use of
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nanoparticles targeting the autistic children, and creates more
possibilities for this special group.

Conclusion

Thus, this review has underlined the current state of iron defi-
ciency in children with autism, pointing out the existing limita-
tions of commercially available iron supplements by explaining
gastrointestinal sensitivity and malabsorption issue, which de-
mands new delivery systems for iron. Iron deficiency anemia in
children with ASD might be managed based on the potential and
properties of nanoparticles for increased solubility, targeting,
and bioavailability. In vivo studies on nanoparticles, such as iron
oxide, solid lipid nanoparticles, and zinc oxide, have shown the
results of improvement in different parameters and iron stores
with potentially reduced side effects compared to conventional
iron supplements.

However, these would need considerable further investiga-
tion into their safety and efficacy in the ASD community. A
longitudinal study may be needed to substantiate the interven-
tion’s long-term effect on hemoglobin levels, further indicate the
nanoparticles’ role in promoting iron absorption, and reducing
the gastrointestinal disturbance in the autistic population. Hence,
there could be good potential for the iron delivery nanoparticles
in treating IDA in children with ASD, proceeding into clinical
practice and ensuring a better quality of life for these special
populations.
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