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Abstract: Folic acid supplemen-
tation does not only prevent neu-
ral tube defects in the foetus but is
an essential ingredient in the
growth and development of the
cerebral cortex. This micronutri-
ent promotes the thickness of the
cerebral cortex; the extent of the
thickness being directly propor-
tional to the intelligent quotient,
neurocognitive and psychological
output of the child. Children with
thin cortices are prone to poor
cognitive performance, autism
and psychiatric disorders such as
depression.
Folic acid supplementation in the
first three months of pregnancy
largely protects against neural
tube defects; studies have shown
that children whose mothers take
folic acid supplement throughout
pregnancy exhibit relatively
higher levels of emotional intelli-
gence
Nevertheless, in spite of long-

standing recommendations that
women of child-bearing age take
folic acid to protect against neural
impairment, a large proportion do

not comply; less than half of the
world’s population lives in coun-
tries that require folic acid fortifi-
cation of grain products. A large
portion of pregnant women in poor
world countries do not attend ante-
natal care hence have no access to
prescription of essential haema-
tinic/folic acid.
It is recommended that all women
who are either planning or capable
of pregnancy take a daily supple-
ments containing 0.4 - 0.8 mg (400
-800 µg) of folic acid.
Fortified foods like some breads,
juices, and cereals contain ade-
quate folic acid; others are leafy
green vegetables, like spinach,
broccoli, and lettuce beans, peas,
and lentils. Fruits like lemons,
bananas, and melons are also rich
sources of folate.
There is need for more advocacy
regarding antenatal care of preg-
nant mothers with emphasis on
folate supplementation before and
throughout pregnancy, to boost the
intellectual and psychological ca-
pacity of children into adulthood.
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Introduction

Folate, labelled as vitamin B9, is found naturally in
foods. Folic acid is the manmade version (synthetic and
more highly bioavailable form of the naturally occurring
folate)sold as supplements and added to fortified foods.
Folate and folic acid have the same effects hence, in this
communication the terms - folate and folic acid, will be
used interchangeably.

Rich sources of folic acid and folate include: Fortified
and enriched products, like some breads, juices, and
cereals; others areleafy green vegetables, like spinach,
broccoli, and lettucebeans, peas, and lentils. Fruitslike
lemons, bananas, and melons are also rich sources of
folate. Folic acid is available in tablet form of 5mg de-
nomination.
Folate is a water-soluble B-complex vitamin that sup-
ports some of the body’s most vital functions, including
the production of DNA and neurotransmitters, and the

detoxification of cells. Folic acid promotes cellular
growth and maturation of red blood cells.
Folic acid plays an important role in cell division, and
synthesis of amino acids and nucleic acids and is there-
fore essential for growth. It is necessary for normal de-
velopment of the foetal spine, brain and skull, in particu-
lar during the first four weeks of pregnancy.1-4

Deficiency of folic acid is associated with reduced body
growth, energy, and megaloblastic anaemia among oth-
ers.1-5

It has been well established that preconceptual exposure
to folic acid protects the foetus against neural tube de-
fects (NTD) including anencephaly which occur during
the third and fourth week of pregnancy, before the
woman knows she is pregnant. Other studies indicate
that periconceptual use of folic acid reduces risk for
other congenital malformations, including oral
clefts.6 In addition, folic acid supplementation has been
associated with clinically significant reductions in risk



of miscarriage, stillbirth, preterm birth, and neonatal
mortality.6

Folic acid fortification not only protects developing ba-
bies against certain birth defects but also supports
healthy brain performance through the teenage years.
There is an association between prenatal folic acid expo-
sure, maturation of the brain’s cortex, and the risk of
psychiatric disorders in youths 8 to 18 years of age born
before, during, and after full implementation of folic
acid fortification of grain products between 1996 and
1998.7

During pregnancy the rate of cell division and erythro-
cyte formation increases dramatically as the uterus
enlarges, the placenta develops, maternal blood volume
increases and the embryo develops into a foetus.3 In
addition, folate is transferred from the mother to the
growing foetus increasing the demand for folate beyond
her sole requirements.2

Considering this evidence and recognizing that pregnan-
cies are not always planned, the requirement for folic
acid in women of child bearing age and during preg-
nancy has become well established and internationally
recognized.

Neural tube defect world wide

Following a global survey on neural tube defects from
January1990- July 2014 involving 75 countries, the re-
gional frequencies of the defect were: Africa, 11.7;
Europe, 9; the Americas,11.5; and South-east Asia, 15.8
per 10,000 births.1, 8 The prevalence of neural tube de-
fect in Nigeria is 22 per 10,000 births. Some babies with
severe NTD are stillborn or do not survive long after
birth.  In underdeveloped countries pregnancies are not
booked, a majority of deliveries take place outside hos-
pitals, stillbirths and early neonatal deaths are not re-
corded,  therefore published figures on the  prevalence
of NTD may appear deceptively lower than what is re-
corded.
Studies have reported a decreased risk of neural tube
defects including malformations of the spinal column
(spina bifida) and the skull (anencephaly) is associated
with both increased maternal folate intake and higher
maternal red blood cell folate concentration (greater than
906 nmol/L).7

Since the link between folate deficiency and neural tube
defect has been so well established, the target of this
review article is largely on the impact which folate has
on the cerebral cortex hence its influence on neurocogni-
tive and behavioural performances in childhood.

Neurochemistry

Folic acid is a carrier of hydroxymethyl and formyl
groups and is involved in the synthesis of purines and
thymine, required for the formation of DNA. The con-
version of homocysteine to methionine requires the en-
zyme methionine synthetase and uses methyltetrahydro-
folate as a methyl donor and vitamin B12 as a cofactor.
Mothers of children with neural tube defects had signifi-
cantly elevated homocysteine levels.9,10 The defect may

be related to abnormalities in the activity of the enzyme
methionine synthetase. Methionine synthetase is critical
for methylation in a number of biologic processes, in-
cluding the production of myelin basic protein and DNA
biosynthesis. Both folate and B12 are required as cofac-
tors for methionine synthetase.

Neuroanatomy

A comprehensive study in the USA on folic acid fortifi-
cation of grain products examined the association be-
tween increased foetal exposure to folic acid and subse-
quent cortical development. Measurements   of cortical
thickness was obtained from magnetic resonance imag-
ing scans because it provided a clinically relevant devel-
opmental marker. Eryilmaz H et al.11 evaluated three
independent MRI cohort of 8 to 18 year old youths
(n=292) in association of prenatal exposure to varying
quantities of folic acid consumption with subsequent
cortical development through adolescence. Variation in
foetal exposure to folate subsequently influences brain
development during the formative years preceding late
adolescence and early adulthood.11 Folic acid plays a
role in determining cerebral cortical thickness; after the
brain reaches its full thickness, the cortex begins to thin
in a selective pruning process. The thickness is found to
be greatest with adequate folic acid intake and
wanesproportionally as the folic acid intake by the
mother declines. Folic acid fortification is associated
with slower thinning of the brain cortex, and this de-
layed thinning has been associated with higher intelli-
gence, whereas accelerated thinning has been associated
with low level of school performance, schizophrenia,
and autism.11-17

Among a Norwegian cohort of mothers and children,
maternal use of folic acid supplements in early preg-
nancy was associated with a reduced risk of severe lan-
guage delay in children at age 3 years.16

These findings suggest that folate insufficiency in early
pregnancy has long-lasting effects on brain development
and is associated with poorer cognitive performance in
school age children. This study highlights the impor-
tance of folic acid supplementation during pregnancy
and, because foetal brain development takes place
throughout the pregnancy, and not just during the first
trimester, suggests that the benefits of folic acid supple-
mentation may extend beyond the first trimester.
In addition, more recent data indicate that periconcep-
tual use of folic acid may have other important benefits
for the developing brain. For example, women who
consume the recommended daily dosage of folic acid
during the first month of pregnancy may have a reduced
risk of having children with an autism spectrum disor-
der.16-18

Folic Acid and Severe Depression in Teenagers

Ground breaking research on teens diagnosed with se-
vere depression has found that many for whom therapy,
medication, and hospitalization have not worked are
suffering from metabolic deficiencies that prevent their
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body from properly converting and absorbing folic acid.
From a study of 33 patients diagnosed with treatment-
resistant depression, twenty-one suffered from a meta-
bolic deficiency, with the most common deficiency be-
ing cerebral folate. Treatment with folinic acid yielded
dramatic improvement.19,20 In neonates, infants, children,
and adolescents, inborn errors of folate transport and
metabolism are associated with a variety of overlapping
syndromes which are influenced by age of clinical pres-
entation. These include developmental delay, cognitive
deterioration, motor and gait abnormalities, behavioural
or psychiatric symptoms, seizures, signs of demyelina-
tion or failure of myelination, and vascular changes seen
on magnetic resonance imaging or postmortem examina-
tion.18-20

Folate Vs Antiepileptic drugs

There has been a concern that folic acid may be too low
in persons with epilepsy taking some antiepileptic drugs
(AEDs). Low serum and red blood cell levels of folic
acid in women of childbearing potential increase the risk
of foetal birth defects.6,9 A convincing argument now
develops that routine folic acid supplementation is im-
portant for women  receiving AEDs. Women receiving
some AEDs are at risk for low levels of serum and red
blood cell folic acid. Serum and red blood cell folate are
reduced in up to 90% patients receiving phenytoin, car-
bamazepine, or barbiturates.9,20-22 AEDs that do not in-
duce cytochrome P450 enzymes are not associated with
low levels of folic acid. Lamotrigine (LTG) and Sodium
Valproate have weak folate properties in vitro, had no
effects on serum or red blood cell folate. Based on cur-
rently available information, it seems prudent to ensure
that pregnant women with epilepsy receiving AEDs,
particularly enzyme-inducing AEDs, receive adequate
folic acid. For most individuals, this is best accom-
plished by providing a dietary supplement. Supplemen-
tation can be provided by prescription-strength folic acid
tablets (1 mg each) or as part of a multivitamin supple-
ment. Most multivitamins contain 0.4 mg of folic acid.
Over-the-counter prenatal vitamins contain 0.8 mg folic
acid, and prescription prenatal vitamins contain 1 mg of
folic acid.

Recommendations on folate intake

There is an age long recommendation that women of
child-bearing age take folic acid to protect against neural
tube defects, especially in the event of unplanned preg-
nancy but most women who are capable of pregnancy do
not take prenatal folic acid supplements.23 Less than half
of the world’s population lives in countries that require
folic acid fortification of grain products. Women at risk
of low folate status include those with lower socio-
economic status; IDP camps, and those with limited or
uncertain availability of nutritionally adequate and safe
food.  Due to ignorance and poverty, women in the un-
derdeveloped and developing world countries rarely
book for antenatal care; they prefer to patronise Tradi-
tional Birth Attendants and churches for care and deliv-
ery.24 Such women therefore have no access to preg-

nancy-related prescription of haematinics/folic acid.
It is mandatory to promote fortification of food with
folate supplementation for all women who could be-
come pregnant. Folicacid during pregnancy is safe for
both mother and foetus, cheap, and readily available.
This awareness may help compel its wider use.
Research has shown that folic acid levels are essential in
the very early stage of foetal development, which has
lead the Centres for Disease Control and Prevention
(CDC) to recommend that women take the recom-
mended daily dose of folic acid for at least a full month
prior to conception and throughout the entirety of the
first trimester in order to optimize its preventive effects.
While it is currently recommended that folic acid sup-
plements be started at least one month prior to preg-
nancy and maintained throughout the first trimester.
There appears to beno consistent recommendations re-
garding the need to maintain folic acid supplementation
beyond the first trimester.25

More recent survey has shown that children whose
mothers took folic acid supplement throughout preg-
nancy demonstrated higher levels of emotional intelli-
gence and resilience. Additionally, the level of folic acid
in the mother’s blood towards the end of pregnancy is a
good predictor of children’s resilience and emotional
intelligence. It appears taking folic acid supplement in
the first three months of pregnancy is largely important
in spinal development but there are potential psycho-
logical benefits for the child if supplements are taken
throughout the pregnancy.26

It is recommended that all women who are either plan-
ning or capable of pregnancy take a daily supplement
containing 0.4 - 0.8 mg (400-800 µg) of folic acid.27

Folate toxicity
While the healthy dose of folic acid per is 400 micro-
grams, adult men and women adults who consume up to
1000 micrograms a day stand the risk of developing
colon and prostate cancers.28 Generally the incidence
folic acid toxicity should be very low since the folate is
water soluble and therefore can be easily eliminated in
the urine. This risk of toxicity has not been reported in
children.
It is possible to determine the serum and red cell levels
of folic acid. The use of liquid chromatography-tandem
mass spectrometry to measure serum folate has been
recommended for population monitoring as it allows a
more accurate and reproducible measurement.29

Conclusion

Foetal exposure to folic acid is essential in cerebral cor-
tical development in children. Prenatal folic acid supple-
mentation is therefore necessary for appropriate neuro-
development during childhood and adolescence. If folate
is deficient there is inadequate and poor formation of the
white and graycortical mater hence the child’s cognitive
development is impaired. Folate supplementation also
reduces the risk of early-onset schizophrenia, autism and
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speech disorder. Even with wide spread recognition of
the need for folic acid to prevent neural tube defects, it
is still not widely used in the general population. There
is a continuous need for a strong advocacy for prenatal
folate supplementation for all women expected to

References

1.     Zaganjor I, Sekkarie A, Tsang
BL et al.  Describing the preva-
lence of neural tube defect
worldwide: A systemic Litera-
ture Review. PLoS One 2016;
11: e0 151586.doi: 10.1317/
journal pone.O151586. eCol-
lection2016.

2. Antony, A.C. In utero physiol-
ogy: Role of folic acid in nutri-
ent delivery and foetal develop-
ment. Am. J. Clin. Nutr.2007,
85, 598S–603S. [Google
Scholar]

3.     Dietary Reference Intakes for
Thiamin, Riboflavin, Niacin,
Vitamin B6, Folate, Vitamin
B12, Pantothenic Acid, Biotin
and Choline. Available online:
http://www.nap.edu/
catalog.php?
record_id=6015#toc.

4.    Power, E.M. Determinants of
healthy eating among low-
income Canadians. Can. J. Pub
Health2005, 96, S37–S42.
[Google Scholar]

5.    Ortega, R.M.; López-Sobaler,
A.M.; Andrés, P.; Rodriguez-
Rodriguez, E.; Aparicio, A.;
Bermejo, L.M.; López-Plaza,
B. Changes in folate status in
overweight/obese women fol-
lowing two different weight
control programmes based on
increased consumption of vege-
tables or fortified breakfast
cereals. Br. J. Nutr.2006, 96,
712–718. [Google Scholar]

6. Changes in the Birth Preva-
lence of Selected Birth Defects
after Grain Fortification With
Folic Acid in the United States:
Findings From a Multi-State
Population-Based Study 2005;
73(10):679-689.doi: 10.1002/
bdra.20210.

7. US Food and Drug Administra-
tion Food standards: amend-
ment of standards of identity
for enriched grain products to
require addition of folic acid.
Fed Regist 1996;61:8781-8797.

8. Nnadi DC, Sing S. The preva-
lence of neural tube defects in
North-West Nigeria. Saudi J
Health Sci 2016; 5: 6-10.

9. Martha J. Morrell. Folic acid
and Epilepsy. Epilepsy Curr.
2002 Mar; 2(2): 31–34.

10.  Diaz-Arrastia R. Homocystiene
and neurologic disease. Arch
Neurol2000; 57(10):1422-7.

11.  Eryilmaz H, Dowling KF,
Huntington FC, et al. Associa-
tion of prenatal exposure of
population-wide folic acid for-
tification with altered cerebral
cortex maturation in youth.
JAMA 2018; 75: 918- 928.

12.   Zielinski BA, Prigge MB,
Nielsen JA, et al. Longitudinal
changes in cortical thickness in
autism and typical develop-
ment. Brain 2014; 137: 1799-
1812.

13.  Ducharme S, Albaugh MD,
Nguyen TV, Hudziak JJ,
Mateos-Pérez JM, Labbe A,
Evans AC, Karama
S.Trajectories of cortical sur-
face area and cortical volume
maturation in normal brain
development.Brain Develop-
ment Cooperative Group. Data
Brief. 2015;5:929-38.

14.  Vijayakumar N, Allen NB,
Youssef G, Dennison M, et
al.Brain development during
adolescence: A mixed-
longitudinal investigation of
cortical thickness, surface area,
and volume. Hum Brain Mapp
2016;37(6):2027-38.

15.  Intelligence Vs Thickness/:
Shaw P, Greenstein D, Lerch J,
et al. Intellectual ability and
cortical development in chil-
dren and adolescents. Nature
2006; 440(7084): 676-679.

16. Folic Acid Supplements in
Pregnancy and Severe Lan-
guage Delay in Children.doi:
10.1001/jama.2011.1433.

17. Association Between Mater-
nal Use of Folic Acid Supple-
ments and Risk of Autism
Spectrum Disorders in Chil-
dren.  DOI: 10.1001/
jama.2012.155925

18.   DeVilbiss EA, Magnusson C,
Gardner RM, Rai D,
Newschaffer CJ, Lyall K,
Dalman C, Lee BK. Antenatal
nutritional supplementation
and autism spectrum disorders
in the Stockholm youth co-
hort: population based cohort
study. BMJ. 2017: 4;359:
j4273.

19.  Reynolds EH. Benefits and
risks of folic acid to the nerv-
ous system. J Neurol Neuro-
surg Psychiatry2002;72:567–
571.

20.   Teen Depression: Published
Online:13 Aug 2016 https://
doi.org/10.1176/
appi.ajp.2016.15111500

21.   Weber M, Dib M. Folic Acid
and Prevention of Anomalies
of Foetal Neural Tube Closing
in Women Treated for Epi-
lepsy. Rev Neurol (Paris).
2003; 159(2):165-70.

22. Margitta T Kampman.Folate
Status in Women of Child-
bearing Age With Epilepsy.
Epilepsy Res2007; 75(1):52-
6.

23.  Sherwood, K.L.; Houghton,
L.A.; Tarasuk, V.; O’Connor,
D.L. One-third of pregnant
and lactating women may not
be meeting their folate re-
quirements from diet alone
based on mandated levels of
folic acid fortification. J.
Nutr.2006;136: 2820–2826.
[Google Scholar]

24. Etuk SJ, Itam IH, Asuquo
EEJ. Role of spiritual
churches in antenatal clinic
default in Calabar, Nigeria.
East Afr Med J 1999; 76: 639
-643.

Folic acid and brain function in childhood  Asindi Asindi et al 91

become pregnant in order to save young brains.



25.   McNulty B, McNulty H, Mar-
shall B, et al.Impact of continu-
ing folic acid after the first tri-
mester of pregnancy: findings
of a randomized trial of Folic
Acid Supplementation in the
Second and Third Trimesters.
Am J Clin Nutr. 2013; 98(1):92
-8.

26.  Effect of Continued Folic Acid
Supplementation beyond the
First Trimester of Pregnancy
on Cognitive Performance in
the Child: A Follow-Up Study
From a Randomized Controlled
Trial (FASSTT Offspring
Trial).  2019 Oct 31;17
(1):196.doi: 10.1186/s12916-
019-1432-4.

27. https://
womensmentalhealth.org/
post/uspstf-emphasis-
periconceptual-use-folic-acid-
prevent-birth-defect/

28.   www.fesh.com
29.  S Meadows. ONGE partner-

open-global-kcl.ac.uk. May
2019

Folic acid and brain function in childhood  Asindi Asindi et al 92


