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Abstract
Folate intake during pregnancy is essential for an adequate fetal and placental development, as well as
for the long-term health condition. Because folate deficiency may induce fetal pathologies, including
neural tube disease (NTD), several countries have set up public policies to fortify foods with folic acid
(FA). Chile started the fortification of wheat flour with FA in the year 2000, decreasing in 43% the
prevalence of NTD. However, despite the high consumption of bread (the main fortified food with
FA) by our population, a high number of pregnant women consume FA supplements, exceeding the
maximal recommended FA intake. Additionally, if the diet is reduced in vitamin B12, the optimal
ratio folates/vit B12 may be altered, inducing changes in the methylation of specific genes and other
metabolic pathways, affecting fetal development and the long-term health of the neonates. We think
that, after 16 years of the initiation of the fortification of wheat flour with FA, it is necessary to evaluate the possible side effects of an excess of FS intake in the pregnant population and their offspring.
This article shows current concepts about mechanisms of folates and vit B12 at cellular level, and
their possible consequences of an elevated FA maternal intake on the offspring.

Introduction
The gestational period is key for adequate fetal development and for a healthy life1,2. Different genetic,
environmental and endocrine factors can influence
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positively or negatively during this period. The nutritional status of the mother is undoubtedly one of the
main environmental factors that influence pregnancy.
This includes the selection of foods, the nutrients contained in them, their metabolism and the transport of
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them to the fetus through the placenta. The nutritional
deficiency of B vitamins, including folates and vitamin
B12, has been related to some alterations during pregnancy, such as low birth weight, premature births and
fetal malformations, among others3,4. Neural tube defects (NTDs) are one of the fetal malformations caused
by the deficiency of maternal folate, which is supplied
in the period before conception and during the first
month of fetal development, during which the closure
of the naural tube occurs5.
We present current concepts about relationship/
interaction between maternal levels of folates and vit
B12 and their possible effects on offspring. The search
for the information was made through the virtual libraries “Pubmed” and “Scielo”, using the descriptors
folate, folic acid, vitamin B12, pregnancy, high levels,
offspring. Priority was given to meta-analysis, randomized controlled trials and longitudinal studies.

Folic acid fortification and pregnancy
During pregnancy, folate requirements increase
from 400 to 600 μg/day to ensure fetal and placental
growth due to its critical role in DNA synthesis and
cell replication6. Folate deficiency during this period
has been associated with a number of complications
such as preeclampsia, miscarriage, stillbirth, low birth
weight, prematurity3,7 and neural tube malformations,
including spina bifida and anencephaly5.
Due to the essentiality of folates in pregnancy and
to the high incidence of congenital malformations associated with their deficits8, North and South American countries promoted policies for food fortification
or supplementation with FA. In Chile, the Ministry
of Health (MINSAL) authorities implemented as of
January 2000 a mandatory fortification of wheat flour
with an amount of FA equivalent to 2.0-2.4 mg/1000 g
of product9. In one post-fortification study, one year
after its implementation, the prevalence of NTD births decreased by 43% (17.1 to 9.7 per 10,000 live births)10.
In 2010, MINSAL (by its acronyms to ‘Ministry
of Health’ in spanish) evaluated the flour fortification
program and found that the levels of FA in fortified
wheat flour exceeded the recommendation established by the Food and Drug Administration (FDA,
USA)9. According to this evaluation, it was found that
the concentration of FA in the samples (n = 175) was
within a range of 0.02-7 mg/kg of product. Only 23%
of the samples presented a fortification range within
the established values (2.0-2.4 mg/kg) and, on average,
the concentration of FA in the samples evaluated was
2.5 mg/kg. For this reason, MINSAL decided to modify the range of FA to levels between 1.8-2.6 mg/kg, a
200

decree that came into effect from March 20129; However, what was done was to expand the range of doses of
fortification.
According to the National Food Consumption Survey (ENCA in spanish, 2010)11 an adult woman consumes between 73 and 184 grams of bread a day containing 70% wheat flour10. According to MINSAL, 1
kilogram of flour has an average of 2,500 μg of FA, therefore the consumption of that amount of bread contributes between 128 and 323 μg of FA per day, without
considering the consumption of other foods fortified
with this vitamin as pastas, bakery products, breakfast
cereals, cookies, etc. It should also be considered that
studies that determine nutrient intake through dietary surveys tend to specifically underestimate folate
intake12. Additionally, in the study by Hertrampf et al
(2003), folate concentrations in women of childbearing age increased significantly from FA fortification13.
In studies where circulating folate concentrations have
been determined in a general adult population, it was
found that 12%14 and 40%13 had baseline levels reported as normal. Considering the high consumption of
bread in Chile, it is highly unlikely that there is folate
deficiency.

Supplementation with folic acid
Another strategy to reduce the incidence of NCDs
proposed by developed countries, such as USA, is the
intake of supplements of 400 μg/day of FA in women
of childbearing age and during the first 3 months of
pregnancy15. In Chile, the regulations determined by
MINSAL through the “Perinatal Guide 2015” suggests
to start supplementation of 1000 μg/d of FA during the
pre-conceptional period, and only if there is a history
of neural tube malformation, it is supplemented with
4000 to 5000 μg/day16. With this scenario, one might
think that a pregnant woman who covered her nutritional requirements of folates would hardly have deficiency of this nutrient; However, there is no information on the nutritional status of these vitamins in
pregnant women in Chile. On the other hand, the consumption of FA supplements between 1000 and 5000
μg is clearly exceeding the maximum tolerable level
(UL, Upper Level) set for FA (1000 μg/day)6. Although
the UL is a safe value because if this amount is consumed does not mean a health risk, to date there are no
studies that determine the adverse effects of consumption of FA in quantities higher than UL in humans. At
present, it is of great interest to study the possible side
effects of fortification with FA. Castillo-Lancellotti et
al. (2010) estimated that the consumption of FA from
fortified foods in children (from 8 to 13 years) in the
post-fortification period could be exceeding UL17.
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Transport of folate to the fetus
Folates are transferred from the mother to the fetus
through the placenta via 3 specific transporters (RFC,
FOLR1, PCFT/HCP1)18 in addition to additional efflux
transporters belonging to the ABC superfamily that are
present in the human placenta19. In our laboratory, we
have found that placental folate transport varies according to birth weight20 and gestational age21. In addition, preterm newborns (32-36 weeks of gestation)
had higher serum folate levels and lower vitamin B12
levels compared to serum concentrations in term newborns21. The same was observed in small term infants
for gestational age (SGA) compared to adequate term
gestational age (AGA) infants20. These results suggest
that there is an interaction between folates and vit B12
that is related to gestational age and to birth weight.
Some researches have pointed out that a possible
maternal imbalance in the folate/vit B12 ratio would be
related to the risk of developing early metabolic alterations in their offspring, increasing the risk of a higher
concentration of adiposity and insulin resistance22-24.

Interaction between folates and vit B12 - Folate
trapping
Folates participate in the metabolism of 1-carbon
compounds and together with vit B12 contribute to
the synthesis of methionine and S-adenosylmethionine
(SAM), substrate of methylation reactions in the body.
DNA methylation is one of the most studied epigenetic mechanisms in vertebrates25. During pregnancy, vit
B12 requirements increase from 2.4 to 2.6 μg/day6. In
Chile, the consumption of this vitamin in women aged
between 14 and 64 years is 1.6 μg/d (95% CI 0.7 to
3.0 μg/d), being higher in rural areas11. Additionally, it
has been observed that 10% of women in reproductive
age have vit B12 levels below 149 pmol / L and 13%
below 185 pmol/L (vit B12 deficiency or marginal status is defined in adults as values < 148 pmol and 148221 pmol26, respectively). In contrast, no folate deficiency was found in this population13. The highest risk
of vit B12 deficiency would be in vegetarian women27
because the major source of this vitamin is found in
meat products. In Chile, only the prevalence of vit B12
deficiency in older adults is estimated to be in the range
of 25.4 to 54.1%28.
In conditions of adequate circulating levels of folates and vit B12, homocysteine (Hcy) is converted to
methionine by the action of methionine synthase (MS)
using 5-methyltetrahydrofolate (5-MTHF) as substrate and vit B12 as cofactor. This reaction generates SAM
and tetrahydrofolate (THF); If homocysteine is not
degraded in this pathway, it can enter the transsulfuri-

zation pathway where cysteine is generated and from it
glutathione is synthesized1,29 (Figure 1A). In addition,
the available vit B12 acts mainly as a cofactor of two
important enzymes, MS and methyl malonyl CoA mutase (MMCoAM), the latter catalyzes the conversion
of methyl malonyl CoA (MMCoA) to succinyl CoA to
enter the Krebs Cycle30 (Figure 1A).
When plasma levels of folate (elevated) and vit
B12 (deficiency) are altered, a mechanism known as a
“folate trap” operates, in which folates are trapped as
5-MTHF, the main circulating form of folate in plasma
And at the cellular level31, and the methionine synthesis process is inefficient, resulting in Hcy accumulation
and SAM decrease3,25. SAM is required for the methylation of DNA, proteins and lipids32, consequently, under poor conditions of SAM an alteration occurs in
these reactions. In addition, SAM acts as an allosteric activator of cystathionine-β-synthetase (CβS)33,
an enzyme that catalyzes the degradation of Hcy via
transsulfurization to cystathionine, using vitamin B6
as a cofactor; It is subsequently converted to cysteine; Important precursor of glutathione34. Glutathione
(γ-glutamyl-cysteinyl-glycine, GSH) is the main molecule involved in the equilibrium of the oxidationreduction reactions in cells35. GSH concentrations
decrease dramatically under conditions of oxidative
stress or by a decrease in the availability of their precursors. Therefore, if the availability of SAM decreases, as a consequence of the folate trap, the CβS can
not be activated and, consequently, the Hcy can not
be re-methylated or degraded, releasing itself into the
plasma where it is susceptible to oxidation, Increasing
the reactive oxygen species and generating a decrease
in glutathione availability34 (Figure 1B).
Another consequence of the folate trap is that high
folate levels must be rapidly metabolized for which
concentrations of methylcobalamin (MeB12) should
be sufficient to act as a cofactor for MS (Figure 1B).
This condition would generate an increase in the oxidation of Vit B12, decreasing its flow towards the mitochondria30, possibly generating an intracellular depletion of vit B12. Consequently, a high intake of FA
could be leading to vit B12 deficiency. However, additional studies are required to test this hypothesis.

Folate trap in pregnancy and fetal genes
program
According to the Barker hypothesis36, adverse environmental effects during conception, fetal development and in early life condition are the onset of
metabolic diseases in adulthood37; However, the mechanisms by which an event during gestation affects
the phenotype at a given age have not been fully elu201
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Figure 1. Folate and vit B12 metabolism. A. Metabolism under normal conditions. B. Metabolism under high folate/vit B12 conditions. Abbreviations:
5-MTHF, 5-Methyltetrahydrofolate; THF, Tetrahydrofolate; CβS, Cystathionine β-synthase; MS, Methionine Synthase; SAM, S-Adenosylmethionine;
MeB12, Methyl Vitamin B12 or Methylcobalamin; AdoB12, Adenosyl Vitamin B12 or Adenosylcobalamin; MMCoAM, Methylmalonyl CoA Mutase;
MMCoA, Methylmalonyl CoA; CPT-1, Carnitine Palmitoyltransferase 1.
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cidated. Recent evidence suggests that under adverse
environmental conditions epigenetic mechanisms may
be altered38.
Alterations in availability in methyl group donors
(folate, vit B12, betaine, choline) would affect the
expression of certain genes important for fetal development and long-term health of the individual39,40.
Methylation reactions occur in CpG sequences located
in regions of regulation of gene expression such that
hyper methylation decreases gene expression and active hypomethylation41.
In pregnant women supplemented with 400 μg/d
FA, it was observed that methylation may be affected
in a regulatory region of the insulin-like growth factor 2 (IGF2) gene, influencing intrauterine growth and
consequently, birth weight42. In addition, a recent meta-analysis of approximately 2000 newborns found an
association between maternal folate plasma levels and
methylation of CpG sites in 320 genes43. These genes
are related to different pathologies such as the adenomatosis gene polyposis coli 2 (APC2), involved in brain development and the etiology of cancer; The GRM8
gene, encoding a glutamate receptor, involved in neurodevelopmental disorders such as attention deficit
hyperactivity and autistic spectrum; The SLC16A12
gene involved in juvenile cataract and renal glycosuria; The KLK4 gene involved in dental malformation;
The ILHX1 gene involved in uterine developmental
abnormalities; The IHH gene, involved in skeletal malformations, among others43. In summary, this paper43
suggests that periconceptional folate concentrations
are related to other birth defects not known so far.
In animal studies it was observed that high levels of
FA during gestation affect the metabolic phenotype of
offspring in adulthood, related to an increase in weight
gain, glucose intolerance, increase in plasma insulin levels and decrease in adiponectin In females and leptin
increases in males44. Maternal restriction of vit B12 has
also been associated with increased body weight, fat
percentage and lipid profile alterations in Wistar rats45.
On the other hand, epidemiological studies have
shown that alterations in the maternal levels of vit B12
present a higher risk of metabolic alterations in their
offspring as: lower levels of HDL cholesterol46, insulin
resistance and greater adiposity47; Or alterations in maternal levels of folates, as evidenced in the PUNE-India
study, that the folate concentration in red blood cells
at 28 weeks of gestation was positively associated with
adiposity and HOMA-IR index in their children at 6,
9.5 and 13 years of age23,24.
The effects of maternal alterations of these vitamins
on the development of insulin resistance (IR) obesity and cardiovascular disease (CVD) are not entirely
clear. The alteration in vit B12 and folate levels and its
relation with obesity, diabetes and insulin resistance

could be explained by epigenetic modifications (hypo
or hyper methylation) in certain genes. In addition,
by alteration of lipid metabolism caused by Vit B12
deficiency because β-oxidation of fatty acids would
be blocked by increased methyl malonic acid (AMM)
which inhibits carnitine-palmitoyl transferase (CPT1)
(Figure 1B) Leading to increased lipogenesis22. Another
cause may be an increase in the oxidative stress given
by the oxidation of Hcy in which super oxide and hydrogen peroxide are generated34. And by a decrease in
GSH precursors such as cysteine35.
During fetal development the contribution of folates and vit B12 is essential; Its deficiency has been
associated with numerous alterations in the newborn,
which has been reported in numerous scientific publications1,3,17,48. However, fortification of food and additional supplementation with FA during pregnancy,
coupled with a low intakes of vit B12, could generate
an imbalance in the folate/vit B12 ratio, whose longterm consequences are unknown. An increased ratio of
folate/vit B12 during pregnancy alters DNA methylation, either by hyper or hypomethylation of specific
genes, by inhibiting (protective genes) or by increasing
(disease related genes) respectively, the expression of
those genes permanently leading to long-term fetal genes program43.
The current information allows us to argue that excessive FA intake, a condition that could be caused by
the high consumption of food fortified with FA and
additional supplementation, is not harmless. Therefore, in countries such as Chile, where FA-fortified food
intake is high, FA supplementation during pregnancy,
especially in the last trimester, should be analyzed. In
addition, and as a more extreme measure, the policy of
fortification of wheat flour with FA could be reviewed,
especially considering that this measure involves the
whole population. Recent studies have found a temporal association between fortification with FA and colon
cancer in Chile and other countries49.
Ideally, intensify the control of the fortification to
avoid over-fortification. One of the alternatives used
in European countries that do not have a fortification
policy with FA is pre-conception supplementation and
during gestation. Recently, Gildestad et al. (2016) have
observed that the strategy mentioned has been associated with a reduction in the incidence of NCD in the
period 2006 to 2013, presenting an adjusted relative
risk of 0.54 (OR: 0.31-0, 91, 95% CI), that is, the consumption of pre-pregnancy FA supplements reduced
the risk of NCD in the newborn by 46% similar to that
observed in post-fortification of wheat flour with FA50.
In summary, more human studies in this area
would be required to contribute solid evidence to make
the best decisions in the public policies of fortification
and supplementation with FA.
203

clinical overview
Folate and Pregnancy - E. Castaño et al

Ethical Responsibilities
Human Beings and animals protection: Disclosure
the authors state that the procedures were followed according to the Declaration of Helsinki and the World
Medical Association regarding human experimentation developed for the medical community.

FONDECYT 1130188.

Conflicts of Interest

Rights to privacy and informed consent: The authors
have obtained the informed consent of the patients

Authors state that any conflict of interest exists regards
the present study.

Fekete K, Berti C, Cetin I, Hermoso M,
Koletzko BV, Decsi T. Perinatal folate
supply: relevance in health outcome
parameters. Matern Child Nutr. 2010;6
Suppl 2:23-38.
2. Barker DJP. The origins of the
developmental origins theory. J Intern
Med. 2007;261:412-7.
3. Tamura T, Picciano MF. Folate and
human reproduction. Am J Clin Nutr.
2006;83:993-1016.
4. Li F, Watkins D, Rosenblatt DS. Vitamin
B(12) and birth defects. Mol Genet
Metab. 2009;98:166-72.
5. Imbard A, Benoist J-F, Blom HJ. Neural
tube defects, folic acid and methylation.
Int J Environ Res Public Health.
2013;10:4352-89.
6. Institute of Medicine (US) Standing
Committee on the Scientific Evaluation
of Dietary Reference Intakes and its Panel
on Folate, Other B Vitamins and C.
Dietary Reference Intakes for Thiamin,
Riboflavin, Niacin, Vitamin B6, Folate,
Vitamin B12, Pantothenic Acid, Biotin,
and Choline. Washington (DC): National
Academies Press (US); 1998.
7. Furness D, Fenech M, Dekker G, Khong
TY, Roberts C, Hague W. Folate, vitamin
B12, vitamin B6 and homocysteine:
impact on pregnancy outcome. Matern
Child Nutr. 2013;9:155-66.
8. Castillo-Lancellotti C, Tur JA, Uauy R.
Impact of folic acid fortification of flour
on neural tube defects: a systematic
review. Public Health Nutr. 2013;16:
901-11.
9. Informe Programa fortificación de
harinas. Ministerio de Salud Pública.
Instituto de Salud Pública de Chile.
Informe Programa Fortificación de
Harinas. 2010.
10. Hertrampf E, Cortés F. National foodfortification program with folic acid in
Chile. Food Nutr Bull. 2008;29:S231-7.

204

Financial Disclosure

Data confidentiality: The authors state that they have
followed the protocols of their Center and Local regulations on the publication of patient data.

References
1.

and/or subjects referred to in the article. This document is in the possession of the correspondence author.

11. MINSAL. Ministerio de Salud Gobierno
de Chile. Encuesta Nacional de Salud
2009 - 2010. Santiago de Chile: 2009.
12. Stamm RA, Houghton LA. Nutrient
intake values for folate during pregnancy
and lactation vary widely around the
world. Nutrients. 2013;5:3920-47.
13. Hertrampf E, Cortés F, Erickson JD,
et al. Consumption of folic acid-fortified
bread improves folate status in women
of reproductive age in Chile. J Nutr.
2003;133:3166-9.
14. Hirsch S, Ronco AM, GuerreroBosagna C, et al. Methylation status in
healthy subjects with normal and high
serum folate concentration. Nutrition.
2008;24:1103-9.
15. MRC Vitamin Study Research Group.
Prevention of neural tube defects: results
of the Medical Research Council Vitamin
Study. MRC Vitamin Study Research
Group. Lancet (London, England).
1991;338:131-7.
16. Ministerio de Salud - Gobierno de Chile,
Subsecretaría de Salud Pública, División
Prevención y Control de Enfermedades,
Departamento de Ciclo Vital, Programa
Nacional Salud de la Mujer. Guía
Perinatal 2015. 2015.
17. Castillo-Lancellotti C, Tur JA, Uauy R.
Fortificación de la harina de trigo con
ácido fólico en chile. Consecuencias
no intencionadas. Rev Med Chil.
2010;138:832-40.
18. Solanky N, Requena Jiménez A, D’Souza
SW, Sibley CP, Glazier JD. Expression
of folate transporters in human placenta
and implications for homocysteine
metabolism. Placenta. 2010;31:134-43.
19. Keating E, Araújo JR, Martel F. The
placental transport of folates. Interference
by xenobiotics and pathological
conditions. Canal BQ. 2011;8:44-8.
20. Caviedes L, Iñiguez G, Hidalgo P, et al.
Relationship between folate transporters
expression in human placentas at term
and birth weights. Placenta. 2016;38:24-8.

21. Castaño E, Caviedes L, Hirsch S, Llanos
M, Iñiguez G, Ronco AM. Folate
Transporters in Placentas from Preterm
Newborns and Their Relation to Cord
Blood Folate and Vitamin B12 Levels.
PLoS One. 2017;12:e0170389.
22. Deshmukh U, Katre P, Yajnik CS.
Influence of maternal vitamin B12 and
folate on growth and insulin resistance in
the offspring. Nestle Nutr Inst Workshop
Ser. 2013;74:145-54-6.
23. Krishnaveni G V, Veena SR, Karat SC,
Yajnik CS, Fall CHD. Association between
maternal folate concentrations during
pregnancy and insulin resistance in Indian
children. Diabetologia. 2014;57:110-21.
24. Yajnik CS, Deshpande SS, Jackson AA,
et al. Vitamin B12 and folate
concentrations during pregnancy and
insulin resistance in the offspring:
the Pune Maternal Nutrition Study.
Diabetologia. 2008;51:29-38.
25. Scott JM. Folate and vitamin B12. Proc
Nutr Soc. 1999;58:441-8.
26. Allen LH. How common is vitamin B-12
deficiency? Am J Clin Nutr. 2009;89:693S6S.
27. Visentin CE, Masih SP, Plumptre L, et al.
Low Serum Vitamin B-12 Concentrations
Are Prevalent in a Cohort of Pregnant
Canadian Women. J Nutr. 2016;146:103542.
28. Sanchez H, Albala C, Lera L, Dangour
AD, Uauy R. Effectiveness of the National
Program of Complementary Feeding
for older adults in Chile on vitamin
B12 status in older adults; secondary
outcome analysis from the CENEX Study
(ISRCTN48153354). Nutr J. 2013;12:124.
29. Scaglione F, Panzavolta G. Folate, folic
acid and 5-methyltetrahydrofolate are not
the same thing. Xenobiotica. 2014;44:4808.
30. Obeid R, Fedosov SN, Nexo E. Cobalamin
coenzyme forms are not likely to be
superior to cyano- and hydroxylcobalamin in prevention or treatment of

clinical overview
Folate and Pregnancy - E. Castaño et al

31.

32.

33.

34.

35.

36.

37.

cobalamin deficiency. Mol Nutr Food Res.
2015;59:1364-72.
Molloy AM. Genetic aspects of
folate metabolism. Subcell Biochem.
2012;56:105-30.
Schaevitz L, Berger-Sweeney J,
Ricceri L. One-carbon metabolism in
neurodevelopmental disorders: using
broad-based nutraceutics to treat
cognitive deficits in complex spectrum
disorders. Neurosci Biobehav Rev.
2014;46 Pt 2:270-84.
Ereño-Orbea J, Majtan T, Oyenarte
I, Kraus JP, Martínez-Cruz LA.
Structural insight into the molecular
mechanism of allosteric activation of
human cystathionine β-synthase by
S-adenosylmethionine. Proc Natl Acad Sci
U S A. 2014;111:E3845-52.
Hoffman M. Hypothesis:
hyperhomocysteinemia is an indicator
of oxidant stress. Med Hypotheses.
2011;77:1088-93.
Couto N, Wood J, Barber J. The role of
glutathione reductase and related enzymes
on cellular redox homoeostasis network.
Free Radic Biol Med. 2016;95:27-42.
Barker DJ. The developmental origins
of adult disease. J Am Coll Nutr.
2004;23:588S-595S.
Tomar AS, Tallapragada DSP,
Nongmaithem SS, Shrestha S, Yajnik CS,
Chandak GR. Intrauterine Programming
of Diabetes and Adiposity. Curr Obes

Rep. 2015;4:418-28.
38. Penailillo R, Guajardo A, Llanos
M, Hirsch S, Ronco AM. Folic acid
supplementation during pregnancy
induces sex-specific changes in
methylation and expression of placental
11β-hydroxysteroid dehydrogenase 2 in
rats. PLoS One. 2015;10:e0121098.
39. Waterland RA, Michels KB. Epigenetic
epidemiology of the developmental
origins hypothesis. Annu Rev Nutr.
2007;27:363-88.
40. Waterland RA, Dolinoy DC, Lin J-R,
Smith CA, Shi X, Tahiliani KG. Maternal
methyl supplements increase offspring
DNA methylation at Axin Fused. Genesis.
2006;44:401-6.
41. Murray R, Burdge GC, Godfrey KM,
Lillycrop KA. Nutrition and Epigenetics
in Human Health. Med Epigenetics.
2014;2:20-7.
42. Steegers-Theunissen RP, Obermann-Borst
SA, Kremer D, et al. Periconceptional
maternal folic acid use of 400 μg per day
is related to increased methylation of the
IGF2 gene in the very young child. PLoS
One. 2009;4:1-5.
43. Joubert BR, den Dekker HT, Felix JF,
et al. Maternal plasma folate impacts
differential DNA methylation in an
epigenome-wide meta-analysis of
newborns. Nat Commun. 2016;7:10577.
44. Keating E, Correia-Branco A, Araújo
JR, et al. Excess perigestational folic acid

45.

46.

47.

48.

49.

50.

exposure induces metabolic dysfunction
in post-natal life. J Endocrinol.
2015;224:245-59.
Kumar KA, Lalitha A, Pavithra D, et al.
Maternal dietary folate and/or vitamin
B12 restrictions alter body composition
(adiposity) and lipid metabolism in
Wistar rat offspring. J Nutr Biochem.
2013;24:25-31.
Adaikalakoteswari A, Vatish M, Lawson
A, et al. Low maternal vitamin B12 status
is associated with lower cord blood HDL
cholesterol in white Caucasians living in
the UK. Nutrients. 2015;7:2401-14.
Stewart CP, Christian P, Schulze KJ,
et al. Low maternal vitamin B-12 status
is associated with offspring insulin
resistance regardless of antenatal
micronutrient supplementation in rural
Nepal. J Nutr. 2011;141:1912-7.
Barua S, Kuizon S, Junaid MA, et al.
Folic acid supplementation in pregnancy
and implications in health and disease. J
Biomed Sci. 2014;21:77.
Hirsch S, Sánchez H, Albala C, et al.
Colon cancer in Chile before and after
the start of the flour fortification program
with folic acid. Eur J Gastroenterol
Hepatol. 2009;21:436-9.
Gildestad T, Oyen N, Klungsoyr K, Nilsen
RM, Daltveit AK, Vollset SE. Maternal use
of folic acid supplements and infant risk
of neural tube defects in Norway 19992013. Scand J Public Health. 2016:619-26.

205

