THIEME

(0] 43\
ACCESS

©®

Review Article

Association of the Maternal Folic Acid
Supplementation with the Autism Spectrum
Disorder: A Systematic Review

Associacdo da suplementacao de acido félico materno
com o transtorno do espectro do autismo: uma revisao

sistematica

Adalberto Cruz Sampaio'

ftalo Marcelo Maia Marques’
Maria Raquel Vieira da Silva Teixeira
Tarciana Oliveira Guedes*” Magaly Lima Mota*

2

TDepartment of Medicine, Faculdade de Medicina Estacio de Juazeiro
do Norte, Barbalha, CE, Brazil
2Dpepartment of Nursing, Faculdade Integrada de Araguatins, Juazeiro

Francisco Facundo de Matos Neto'
Ravel Moreira Tavares
Alessandra Bezerra de Brito?

Lucas de Lucena Lopes'
1@ Marcus Vinicius de Macedo Fernandes'

Andrea Couto Feitosa>

Address for correspondence Magaly Lima Mota, PhD, Avenue Ledo
Sampaio, 400, 63040-000, Campus Health, Lagoa Seca, Juazeiro do
Norte, CE, Brazil (e-mail: magaly@leaosampaio.edu.br).

do Norte, CE, Brazil

3Department of Nursing, Centro Universitario Dr. Ledo Sampaio,
Crato, CE, Brazil

4Department of Nursing, Centro Universitdrio Dr. Ledo Sampaio,
Juazeiro do Norte, CE, Brazil

Rev Bras Ginecol Obstet 2021;43(10):775-781.

Abstract Objective To analyze the scientific production regarding maternal folic acid (FA)
supplementation and its relationship with autistic spectrum disorder (ASD).

Data Sources We performed unrestricted electronic searches in the BIREME virtual
bank, Virtual Health Library (VHL) and Medical Literature Analysis and Retrieval System
Online (MEDLINE/PubMed) databases.

Selection of Studies For sample selection, articles that met the proposed objectives
were included, published in English, Spanish and Portuguese, the use of Health
Sciences Descriptors (DeCS): autistic OR autism AND autism spectrum disorder AND
folic acid, AND, with the use of the Medical Subject Headings (MeSH): autistic OR autism
AND autistic spectrum disorder AND folic acid.

Data Collection Data extraction was performed by the reviewers with a preestab-
lished data collection formulary.

Data Synthesis The Preferred Reporting Items for Systematic Review and Meta-
Analysis Protocols (PRISMA-P) was used based on a checklist with 27 items and a 4-step
flowchart.
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Resumo

Palavras-chave

= transtorno do
espectro autista

= 4cido félico

= gravidez

Results A total of 384 articles was found by the search strategies, of which 17 were
eligible following the pre-established criteria. The main findings of the present review
point to maternal FA supplementation in the pre-conception period and beginning of
pregnancy as a protective effect in relation to ASD, which should be indicated in this
period as prevention to the problem.

Conclusion According to the research analyzed, more studies are necessary to know
its effects on pregnancy, since the consumption of excessive FA may not be innocuous.

Objetivo Analisar a producao cientifica a respeito da suplementa¢do de acido félico
(AF) materno e sua relacdo com o transtorno do espectro autista (TEA).

Fontes de Dados Realizamos buscas eletronicas irrestritas nas bases de dados do
banco virtual BIREME, Biblioteca Virtual em Sadde (VHL) e Medical Literature Analysis
and Retrieval System Online (MEDLINE | PubMed).

Selecao dos Estudos Incluimos os artigos publicados em inglés, espanhol e portu-
gués, com o uso dos DeCS: autistic OR autism AND autism spectrum disorder AND folic
acid, e com o uso dos Medical Subject Headings (MeSH, na sigla em inglés): autistic OR
autism AND Autistic Spectrum Disorder AND folic acid “.

Coletade Dados A extracdo de dados foi realizada pelos revisores com um formulario
de coleta de dados pré-estabelecido.

Sintese dos Dados Foram usados os itens de relatoério preferidos para protocolos de
revisao sistematica e meta-analise (PRISMA-P) com base em uma lista de verificacdao
com 27 itens e um fluxograma de 4 etapas.

Resultados Foram encontrados 384 artigos pelas estratégias de busca, dos quais 17
eram elegiveis segundo os critérios pré-estabelecidos. Os principais achados da
presente revisdo apontam para a suplementacdo de AF materno no periodo de
preconcepcdo e inicio da gravidez como efeito protetor em relagdo ao TEA, que
deve ser indicada neste periodo como prevencdo do problema.

Conclusao De acordo com as pesquisas analisadas, mais estudos sdo necessarios para
conhecer seus efeitos sobre a gravidez, uma vez que o consumo excessivo de AF pode

= suplementacdo ndo ser indcuo.

Introduction

Autism Spectrum Disorder (ASD) is characterized by persis-
tent deficits in social interaction and communication, with
the presence of repetitive interests and activities. Consid-
ered as a neurodevelopmental disorder, it can manifest with
extremely variable phenotypes, from severely compromised
individuals to independent individuals.'

The World Health Organization estimates that 1 in 160
children has ASD. The use of preconception folic acid (FA)
should be indicated at least 2 months before conception and
in the 1°* 2 months of pregnancy, as it has a protective effect
against open defects of the neural tube.?

Since 2004, in Brazil, the Ministry of Health, through the
National Health Surveillance Agency (ANVISA, in the Portu-
guese acronym), adopted the Collegiate Directorate Resolu-
tion (RDC, in the Portuguese acronym) No. 344 of
December 13, 2002, establishing mandatory FA fortification
in wheat flour and corn to reduce the prevalence of maternal
anemia and defects of the neural tube. This fortification of
synthetic FA may have generated a population group with

high serum levels of nonmetabolized FA. This finding occurs
when > 200mg/day is ingested.*

The theme has great importance in the social context
because it involves the patient, their family, the state, and the
multiprofessional action, which makes its study fundamen-
tal to guarantee the practice of evidence-based health care.
The objective of the present review is to describe the
relationship between maternal FA supplementation and
ASD, according to scientific publications.

Methods

This is a qualitative exploratory study, of the metasynthesis
type. The search for data was performed between
February 2018 and February 2020, based on the BIREME
virtual bank, the Virtual Health Library (VHL), and the
Medical Literature Analysis and Retrieval System Online
(MEDLINE/PubMed) databases.

The inclusion criteria were: original articles, systematic
reviews, available in full, free of charge, studies with human
beings, published in English, Spanish, and Portuguese,
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Fig. 1 Flowchart of eligible items. Source: Flowchart prepared according to PRISMA recommendations.

which addressed the use of FA related to the occurrence of
ASD.

The exclusion criteria used in this study start with free
availability, that is, studies published on non-free platforms
were excluded from this research. The year of publication was
also one of the criteria used in this review, these were strictly
maintained between the years 2013 to 2020, another criterion
used was the thematic, to exclude all works in which their title
and later their summary dealt with a different theme of the
association between maternal FA supplementation and ASD.

Studies that depict ASD associated with other drugs or
other factors that do not correspond to consumption of
supplemental FA were excluded from the study, or those
that deal with the consumption of FA without associating it
with ASD. The period in which FA is used was also one of the
criteria used in the present review, and all those dealing with
the consumption of FA at different periods of the periconcep-
tional and gestational period were excluded. Studies with
animals and those that portrayed other subjects outside the
area of interest of the present research were excluded.

The operationalization of the search for data collection
was performed in the BIREME database using Health Science

Rev Bras Ginecol Obstet

Descriptors (DeCS) linked to Boolean operators and using
quotation marks in compound words, (autistic OR autism)
AND (“autism spectrum disorder”) AND (“folic acid”). In the
PubMed database, the search was performed in English using
Medical Subject Headings (MeSH) linked to Boolean oper-
ators and quotes in compound words, (autistic OR autism)
AND (“autistic spectrum disorder”) AND (“folic acid”).

The Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) was used based on a
checklist with 27 items and a 4-step flowchart.” In the
present review, the acronym PICO (Patients; Intervention;
Comparison; Outcome) was also used to construct the
guiding question of the study and to perform the biblio-
graphic search. For the presentation of eligibility criteria,
the PRISMA and the table containing information such as
authors, year of publication, place and results were used
(=Fig. 1).

Results

According to the search strategy adopted, 220 articles were
found at BIREME and 164 at PubMed, totaling 384 selected

Vol. 43 No. 10/2021 © 2021. Federacdo Brasileira de Ginecologia e Obstetricia. All rights reserved.
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Table 1 (Continued)

Main results

Place
2019 China

Year

Authors

The study demonstrates that maternal use of folic acid and/or micronutrients during pregnancy offer reduced the risk of

autistic characteristics in the offspring. Observing characteristic signs regarding social cognition, media, autism

Tan et al.'?

behavioral mannerisms, adaptive behavior, coarse motor behavior and problems in gastrointestinal tract of children

with ASD. There is also a relationship with the consumption of the micronutrient in pregnancy and vitamin status in

children with ASD.

Through a systematic review, the relationship of ASD with maternal use of micronutrients was evaluated, and it was

Palestine

2018

AltamimiZ°

Maternal Folic Acid Supplementation with the Autism Spectrum Disorder Sampaio et al.

observed that folic acid can be related to ASD due to its relationship with glutathione, a product of the methionine cycle

that depends on folic acid and B12. This element is involved in neuroprotection against oxidative stress and

neuroinflammation in the brain. According to studies, glutathione is deficient in children with autism compared with

typically developed children.

Abbreviation: ASD, autism spectrum disorder.

Source: Own elaboration, 2020.

Rev Bras Ginecol Obstet

articles, as seen in =Fig. 1, and the studies are presented in
tabular form, as seen in =Table 1.

The main result of the present review is that the use of FA
in the preconception period and in the beginning of preg-
nancy is effective in preventing ASD. Therefore, early sup-
plementation with FA is beneficial for neurodevelopment
and, consequently, acts on the prevention of ASD. The
consumption of additional FA at an early stage should be
indicated, because in addition to preventing ~ 70% of neural
tube defects cases, it is associated with a protective effect in
relation to ASD.

It was also found that excess FA consumption and the
gestational period in which it is used can have a negative
influence on the occurrence of ASD. Too much intake can be
observed, since FA, in addition to being consumed in the
usual diet, can also be added in the form of oral supplemen-
tation, which, associated with the extended time of use,
demonstrates a causative effect for the disorder.

Many studies addressed in the present review bring
inconclusive results regarding the effect of FA in relation to
ASD, indicating the need for future investigations of mater-
nal FA serum levels and also a detailed investigation regard-
ing its consumption from the 2™ trimester of pregnancy, a
period considered a risk for its use, in relation to the disorder.
All this is relevant, so that optimal doses are indicated
according to individual needs and maternal nutritional
deficiency.

Of the 15 studies evaluated, 8 were unable to safely
determine the effects caused by FA. The majority found
that there is an effect on neurodevelopment and even
observed a relationship with ASD, but in a contradictory
way, which may be protective or even cause the problem.
They also point out the need for further studies and that an
evaluation of FA in the blood plasma of the mother should be
performed to analyze its possible indication, in optimal dose
and time.

Discussion

After the analysis of the eligible articles and following the
already defined method, three thematic categories emerged:
FA as a protection to ASD, increased risk of ASD in relation to
excessive use of FA, and inconclusive association between FA
consumption and ASD.

Folic Acid as Protection against Autism Spectrum
Disorder
Studies carried with children diagnosed with ASD whose
mothers used FA in the 6 weeks before and after conception
pointed to the protective effect of preconception FA and the
occurrence of ASD.®~8 Folic acid consumption is related to a
decrease in the occurrence of ASD when compared with
other mothers who did not have the supplementation.®'?
Corroborating in the study, the nonuse or deficiency in the
folate metabolism in this same period can be pointed out as a
cause for the development of autism disorder."’

A study was conducted in a Chinese population with a
total of 416 children with ASD and 201 children with typical

Vol. 43 No. 10/2021 © 2021. Federacdo Brasileira de Ginecologia e Obstetricia. All rights reserved.
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development (TD). It concluded that children born to moth-
ers without FA and micronutrient supplementation during
pregnancy exhibited more severe social cognitive im-
pairment, such as social communication, behavioral man-
nerisms, delays in developing raw and adaptive motor
behavior, and gastrointestinal problems than children born
to mothers who used FA and micronutrient supplements,
demonstrating the need for micronutrient supplementation
during pregnancy and periconception.12

In this category, it is clear that FA can be considered a
protector for autism, especially when used in the precon-
ception period and at the beginning of pregnancy, since
research has shown that it reduces the risk of autism in
the offspring. This beneficial effect cannot be confirmed if
consumed during the rest of the course of pregnancy. It
should be noted that many studies point to FA supplemen-
tation as having a beneficial effect in relation to ASD, since 8
of the 15 analyzed studies point to this effect.

Increased Risk of ASD in Relation to Excessive Use of

Folic Acid

Studies show that maternal FA supplementation, together
with food fortification, has resulted in a population with
superior parameters of AF than expected, and with an excess
of nonmetabolized folate in the body. This may be associated
with an increasing number of ASD cases.'>

Inconclusive Association between Folic Acid
Consumption and Autism Spectrum Disorder

It is still too early to reach a conclusion on the association
between FA consumption and ASD. Studies show its protec-
tive effect against ASD, but others intrigue us with their
investigations of alterations in the metabolic pathways of
maternal folate, its potential role in DNA methylation
through high maternal FA intake and its relationship with
autistic traits. Finding the optimal level of maternal FA intake
is difficult, but it may be the answer to these hypotheses.'*

The beneficial or harmful effect of FA on ASD cannot be
stated. This requires intensified studies to discover the
relationship of nutrition in different populations and the
association with food fortification and additional FA supple-
mentation.'>'® The increase in the number of ASD cases may
be linked to several factors, such as changing diagnostic
criteria, increased information, and excess FA consumed by
women of childbearing age.'’

Supplementation with periconceptional FA reduced neu-
ral tube defects by up to 70% and resulted in fortification of
cereal products in several countries. The recommendation
was that all women of childbearing age should consume
400ug/day of FA. It was also observed that the metabolism of
maternal folate can vary between women, which may be
involved with the increase in the number of cases of ASD.

Based on postpartum maternal blood samples, folate and
vitamin B12 were analyzed in mothers who reported multi-
vitamin supplement consumption at least in the 3" trimes-
ter of pregnancy. The diagnosis of ASD was observed through
electronic medical records. The results can be understood as
a “U” format, where the increased risk for ASD is at both

Rev Bras Ginecol Obstet  Vol. 43 No. 10/2021
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extremes, when the supplement was consumed in excess
and when it was consumed in small amounts. In contrast,
moderate supplementation showed a protective effect in
relation to ASD.'®

The maternal folate status may be related to ASD. Insuffi-
cient FA consumption may lead to hypomethylation of DNA,
which is associated with neurodevelopment. It has also been
found in some studies that FA consumption can be consid-
ered protective for autism.

The author indicates that repeated biological measure-
ments of folate, vitamin B12 and homocysteine during the 1%
trimester of pregnancy are necessary, as well as genetic
variants relevant to folate involved in carbon metabolism,
and the epigenetic mechanisms.'®

The relationship of ASD with maternal use of micronu-
trients such as iron, zinc, vitamin D and AF were evaluated, and
it was observed that the AF shows contradictory effects in
relation to the TEA, which, in some studies, is presented as a
protective effect and, in others, as causal effects. Thus, it was
not possible to demonstrate whether or not there is a relation-
ship between PA supplementation and ASD. Another finding in
relation to ASD involves its relationship with glutathione, a
product of the methionine cycle that depends on FA and B12,
this element is involved in neuroprotection against oxidative
stress and neuroinflammation in the brain. Research shows
that glutathione is deficient in children with autism when
compared with children with typical development.?®

Conclusion

The use of FA in the preconception period and in the begin-
ning of pregnancy is effective in preventing ASD. Therefore,
early supplementation with FA is beneficial for neurodevel-
opment and, consequently, acts on the prevention of ASD.
The present study deals strictly with the consumption of FA
with the development of ASD, and the action of FA in the
treatment of other neurological problems has not been
reviewed. The study also did not aim to associate the use
of FA with other drugs. The present study recommends that
new investigations be performed to identify optimal doses
and identify whether FA consumption from the 2" trimester
can really be associated with the increase in the number of
new cases of ASD as mentioned by some studies in the
present review.
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