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ABSTRACT

The prevalence of various neurodevelopmental disorders (NDs) in children continue to progress along a
world that is increasingly advancing in research, technology and record keeping. The usual long-term nature
of these disorders causes many caregivers to use complementary and alternative medicine (CAM) to help
improve the lives of affected children or to prevent the condition from occurring. Micronutrients are among
the commonly used CAM in many instances. The objective was to review the role that micronutrients play in
the prevention and management of NDs. A search for eligible studies published overtime up to January 2023
was conducted on PUBMED, semantic scholar, TandFonline, and World Health Organisation’s International
Clinical Trials Registry. The search yielded 2,362 studies, however, 145 reports were included in the review.
Serum levels of micronutrients were found to be significantly lower in children with Autism Spectrum Disorder
(ASD) and Attention Deficit Hyperactivity Disorder (ADHD) compared to Typically Developing (TD) children.
Also, micronutrient usage was associated with perceived improvement in ASD and ADHD symptoms with
maternal prenatal intakes and levels of micronutrients lowering the odds of ASD in offspring. Appropriate
use of micronutrients in the management of NDs may decrease the severity of these conditions. Additionally,
improving maternal serum levels of micronutrients before and during pregnancy may potentially reduce the

risk of ASD.

Keywords: Micronutrients, nutrition, neurodevelopmental disorders, autism, Attention Deficit Hyperactivity Disorder,

children

Introduction

Neurodevelopmental disorders (NDs) are a group of
conditions with onset in the developmental period of
a child characterized by developmental deficits that
produce impairments of personal, social, academic,
or occupational function (APA,2013). These deficits
vary among affected people, ranging from very specific
learning limitations or control of executive functions
to global impairment of social skills or intelligence.
The Diagnostic and Statistical Manual of Mental
Disorders (DSM-S) describes NDs under six broad
Intellectual Disability,
Disorders, Autism Spectrum Disorder, Attention Deficit

categories: Communication

Hyperactivity Disorder, Specific Learning Disorder, and

Neurodevelopment motor disorders. These NDs may co-
present in individuals and their prevalence range from
9 to 18 percent (Arora et al., 2018; Bosch et al,, 2021;
Tatishvili et al., 2017).

Genetic disorders (Fragile X syndrome); medical
conditions (cerebral palsy and epilepsy); environmental
factors ( nutrition, perinatal exposures to environmental
toxicants(Banerjee et al., 2007; Rossignol et al., 2014),
birth by caesarian section(Zhang et al., 2019), perinatal
hypoxia, respiratory stress(Arora et al., 2018; Carlsson et
al,, 2021), diverse maternal inflammatory states during
pregnancy(Han et al.,, 2021), transient income decline
during childhood); and biological factors (advanced
paternal age, low birth weight, and birth defects)
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(Carlsson et al., 2021) have been associated with the risk
of NDs .

Due to the stress involved in caring for children with
NDs, caregivers continue to explore other measures
in an attempt to manage this condition. Hence,
Complementary and Alternative Medicine (CAM)
is steadily gaining popularity among this population.
Multivitamins, vitamin C, vitamin D and minerals are
among the most used CAM products among children
with neurologic conditions and NDs (Galicia-Connolly
et al., 2014; Trudeau et al., 2019; Wilson et al., 2005).
Undoubtedly, health workers’
information that is evidence-based to families that are

ability to provide

considering CAM for prevention or treatment of NDs,
will prove to be timely and resource saving.

No published systematic review on this topic in whole or
in parts exist except a few that has focused on the role
of single micronutrients in the treatment of a specific
ND(Granero et al., 2021; Hoxha et al., 2021). Hence
this review examines the role micronutrients play in the
prevention and management of NDs.

METHODS

Eligibility Criteria

All forms of experimental and non-experimental studies
about children that relate one or more ND to one or more
micronutrients were included in this review. Studies
published in English and had reported on children up
to 18 years of age were eligible for inclusion. Studies
on animal subjects and the effect of toxic metals were
excluded.

Information Sources

Using PUBMED, Semantic scholar, Tandfonline, the
WHO International Clinical Trials Registry Platform
(ICTRP), and Cochrane CENTRAL, a search was made
for published and gray materials concerning the subject
being reviewed.

Search Strategy

As required for a good search strategy, a review protocol
was developed (Aromataris & Riitano, 2014). The
primary outcomes for the search were: the effectiveness
of micronutrients in treating NDs, the biological levels
of micronutrients in children with NDs and the risk
associated with levels and usage of micronutrients
in relation to NDs. Using various sentences that
included MeSH terms like; micronutrients, minerals,
vitamins, diet, treatment, prevention, management,
neurodevelopmental disorders and children, the search
for published materials was made. A Boolean search was
also made on the ICTRP for gray material. Filters were
applied to include only articles with full free texts that
were published up to 15th January 2023 and exclude
commentaries, books and documents.

Study Selection Process

The principal author scanned through all abstracts of
studies obtained from all aforementioned search engines.
When there was uncertainty about an abstract, the full
version was sought for. Also, full versions of studies that
did not have abstracts were sought for and scanned for
relevance. The co-authors double-checked to ensure that
all articles qualified for inclusion in accordance to the
PRISMA study selection guidelines(Matthew J Page et
al,, 2020).

Data Collection Process

Relevant information from the different studies were
identified and tabulated by the principal author and co-
authors double-checked the entries. Similar research
designs were entered in succession and where available,
P-values, confidence intervals and standard deviations
were added to the extraction table.

Data Items

Outcomes included in the data collection were the type
of study, population studied, type of NDs studied, kind
of micronutrient studied, and results of relevance to the

review.
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RESULTS

Study selection using the PRISMA flow diagram
Using the PRISMA flow diagram, the study selection process has been explained below in Fig.1.
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Discussion

Autism Spectrum Disorder (ASD) was the most
reported category (53.8%) of Neurodevelopmental
Disorders (NDs) while Neurodevelopmental Motor
Disorders (NMDs) and Specific Learning Disorders
(SLDs) were the least reported categories (4..1 % each).
More than a third of the extracted documents originated
from Europe (41%), followed by the Asia (29%),
North America (26%), and Africa (4%). Using the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-S) classification, studies on all categories of
Neurodevelopmental Disorders (NDs) were identified
except those on Communication Disorders (CDs).
Study outcomes were grouped under two main themes:
the use of micronutrients in the management of NDs
and micronutrient levels and the prevention of NDs.

The use of Micronutrients in the Management of
NDs

In one case report an alternative therapist gave
micronutrients to a child with ASD, which led to very
elevated levels of calcium and vitamin D (Boyd &
Moodambail, 2016). The single micronutrient that was
reported most for ASD (9 times) was the B vitamin. All
studies on vitamin B, reported significant effectiveness in
improving ASD core symptoms. Nevertheless, vitamin D,
the second most reported (2 times) single micronutrient
was found to cause no significant improvement in ASD
core symptoms. In two cross-sectional studies (Adams
et al, 2021; Hopf et al, 2016) and a randomised
controlled trial (Adams et al., 2011), the use of vitamins
and minerals was linked to an improvement in the core
symptoms of ASD.

The eleven studies for ADHD, reported on three single
micronutrients (Vitamin D, Zn and Fe) and combined
minerals and vitamins. Four studies and a database
analysis found that combining micronutrients was
linked to significant improvement of ADHD symptoms
(Calarge et al,, 2010; Gordon et al., 2015; Hemamy et
al,, 2021; Rucklidge et al., 2010; Stevens et al,, 2019).
Only one trial (Johnstone et al., 2022) did not find such
association. In one study, it was found that taking ADHD

medicine with Fe made it work better for controlling
symptoms. (Pongpitakdamrong et al., 2022). In two
trials, (Mohammadzadeh Honarvar et al., 2022; Samadi
etal., 2022), vitamin D supplementation did not affect the
oxidative stress marker, 8-isoprostan or the inflammatory
citokines, IL-6 and TNF-a. Yet in two studies, vitamin D
in combination with neurofeedback therapy (Rahmani et
al,,2022) and vitamin D in combination with magnesium
(Hemamy et al., 2021) caused a significant reduction in
ADHD scores. Zinc did not have any effect on ADHD
symptoms according to the only study on zinc.

Two of the studies in Intellectual Disability (ID) used
vitamin B9. One study, which used folinic acid, found
that neurological functions got better (Al-Baradie &
Chaudhary, 2014) while the other, which used folic
acid found that developmental testing scores did not
change (Han etal., 2019). For the remaining two studies,
one found combined minerals and vitamins to cause
significant improvement in IQ (Harrell et al., 1981), and
the other, using choline, reported significant treatment
effect on Elicited Imitation items recalled (Wozniak et
al, 2015).

Furthermore, in the two studies (1 case series and 1
placebo - controlled double-blind study) on Specific
Learning Disorders (SLDs), vitamins B and C did
not cause any significant improvement in intellectual
performance over time (Kershner et al., 1977; Rankin et
al,, 2007).

Multivitamin users under Neurodevelopmental Motor
Disorders (NMDs) reported no notable improvements
in symptoms but magnesium users reported improved
vocal tics (Smith & Ludlow, 2021). Nevertheless, sample
size was small, and diagnosis and change in symptoms was
based on self-reports, which is subjective. Also, vitamin
B6 was reported by a different study to be significantly
more effective than psychoeducation in reducing tics
when combined with L-Theanine (Rizzo et al., 2022).

Micronutrients levels and the prevention of NDs:
In relation to ASD, Serum levels of 56 separate
micronutrients were reported by 23 different studies,
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seven case reports and one retrospective case series. In
addition, reports on 29 micronutrients from hair, saliva,
urine and stool were identified from six studies. Mostly,
micronutrient levels were reported as being low among
this group and in many instances, the lower levels were
statistically significant. Vitamins D and B, and Fe were
the most studied micronutrients. In eight out of ten,
serum vitamin D level was found to be significantly
lower among children with ASD and correlated with
ASD scores on four separate occasions (Mostafa & Al-
Ayadhi, 2012; Petruzzelli et al.,, 2020; Qi et al,, 2022;
Wu et al,, 2018). Maternal serum levels and intake of
micronutrients (predominantly vitamin B9, prenatal
vitamins/multivitamins and vitamin D) were primarily
reported to be associated with lower risk of ASD in
offspring . Yet, one study found no association between
prenatal vitamin B9 use and risk of ASD in 3-year- old
offspring (Nishigori et al., 2022).

Vitamin B9 stands out as the single vitamin that was
associated with lower odds/risk of ASD even in the
presence of environmental pollutants. Dosages > 800
yg seem to be more advantageous in preventing ASD
(Goodrich et al., 2018; Schmidt et al., 2017; Schmidt
et al,, 2012). However, higher levels of maternal serum
folate (>60.3 nmol/L) and B12 (>536.8 pmol/L) at
birth was reported by one study to be associated with
higher odds of ASD in offspring (Raghavan et al., 2018).
Another study found a weak association between higher
total folate levels in early pregnancy and a higher risk
of ASD in the child (Egorova et al, 2020). Prenatal
vitamins/multivitamins with or without folic acid, were
reported to be associated with lower odds of ASD. This
association seems stronger when prenatal vitamins are
started three months before pregnancy and latest by the
first month of pregnancy (Schmidt et al., 2011; Schmidt,
Tosif, et al., 2019).

Serum/cord levels of 40 separate micronutrients were
analyzed and reported for ADHD. Fe, vitamin B, and Zn
were the most reported micronutrients in descending
order. Fe serum levels (mostly measured with ferritin
levels) were reported as being lower in four studies (Abd
El Naby & Naguib, 2018; Calarge et al., 2016; Mahmoud

et al,, 2011; Soto-Insuga et al., 2013) with three out of
the four showing an association between Fe level and
severity of ADHD. However, one study (Gottfried et al.,
2013) found no difference in Fe levels between ADHD
and non ADHD controls. All four studies reporting on
brain iron content, suggested lower levels (Adisetiyo et
al., 2019; Adisetiyo et al., 2014; Chen et al., 2022; Tang
et al,, 2022)Vitamin B, Zn, and I had modest repeated
associations (two times each) with ADHD risk and/or
symptoms.

Five studies reported on five different micronutrients
(Mn, Zn, Fe, Vitamins A and D) in Intellectual Disorders
(IDs). All the studies reported low serum/hair levels of
micronutrients. Except for one retrospective study that
used a moderate sample size, the rest utilized very small
sample sizes.

Selenium was reported twice in the five studies included
in the SLD group and in both cases it was found to be
associated with a learning disorder (Liu et al., 2022; Xue
etal,, 2020). Interestingly, Xue et al. further reported that
children with higher levels of urine argentum and lower
level of urine selenium had a significantly higher risk of
dyslexia than those with low levels of both argentum and
selenium. However, this study did not consider potential
confounders like renal function and BMI of the children.
Another study found no correlation between offspring
SLD and maternal vitamin D level in early pregnancy
(Arrhenius et al., 2021).

Among the four studies on NMD, three reported on
vitamin D and all reports found serum vitamin D to be
significantly associated with presence or absence of tic
disorder(Bond et al., 2022; Lietal.,2018; Lietal., 2017).
The other reported that serum Cu, Mg, and Mn were not
different for children with NMD. However, it reported
lower Zn and Fe levels among NMD than typically
developing children (Liu et al., 2013).

Altogether, six studies focused on a mixture of NDs. In
three studies, Fe was reported to be lower in children
with NDs and on an occasion, associated with disruptive
behaviour (Calarge et al., 2016; De Giacomo et al., 2022;
Garipardic et al.,, 2017). Also, maternal prenatal Se level
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was associated with risk of ASD and ADHD (A. S. E.
Lee et al., 2021) and urinary Iodine/creatinine ratio was
not associated with ASD or ADHD (Levie et al., 2020).
Then, according to one study, lower levels of vitamin D in
newborns are not associated with ASD or ID (Windham
etal,2019).

These indicate that information on

micronutrients intake and levels is essential in managing

findings

the core symptoms of various NDs. Also, maternal
micronutrient intakes could be a leveraging point to help
reduce the risk of ASD. Therefore, policies to improve
micronutrient intake in children with NDs and in women
of reproductive age could be formulated or strengthened
to help improve the management of NDs and reduce
their occurrence.

This study has identified the need for more research in
the nutritional risk factors for ADHD, ID, NMD, SLD
and CD. Future research will help to better understand
the nutritional management and/ or of prevention these
conditions.

A noteworthy limitation is the fact that studies included
in this work were of different study designs, and may thus
affect the generalisation of the findings. Nonetheless,
there were many controlled studies included in this study
that will likely enhance the observation of real effects.
Also, the methodological diversity including differences
in diagnosis and outcome measurements and statistical
diversity in the various studies might affect interpretation
of the findings. This limitation was mitigated by
thoroughly reading complete studies to interpret results
correctly. Furthermore, different studies used different
biological samples - blood, hair, urine, brain, and nails,
to assess levels of micronutrients, which could affect the
interpretation of data obtained. However, this limitation
was overcome by including the sample type in the
analysis.

Conclusion

Overall, there were more studies on micronutrients
in relation to ASD and ADHD compared to ID, SLD,
and NMD, with most of the studies coming from

Europe. In the management of ASD, vitamin B was
the most reported micronutrient and it was found to
cause significant improvement in ASD core symptoms.
Serum levels of micronutrients especially for vitamin
D were significantly lower in ASD and often correlated
with ASD scores. Sufficient maternal serum levels and
intake of vitamin B9, prenatal vitamins/multivitamins,
and vitamin D are associated with lower risk of ASD in
offspring. Furthermore, combined micronutrients are
more effective in managing ADHD symptoms and Fe
levels are lower among children with ADHD. However,
the evidence was insufficient to conclude on the potential
of micronutrients in reducing the risk of ADHD, ID,
SLD or NMD.
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