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Introduction. Folic acid (FA) supplementation is recommended worldwide in the periconceptional period for the prevention of
neural tube defects. Due to its involvement in a number of cellular processes, its role in other pregnancy outcomes such as
miscarriage, recurrent miscarriage, low birth weight, preterm birth (PTB), preeclampsia, abruptio placentae, and stillbirth has
been investigated. PTB is a leading cause of perinatal mortality and morbidity; therefore its association with FA supplementation
is of major interest. The analysis of a small number of randomized clinical trials (RCTs) has not found a beneficial role of FA in
reducing the rate of PTBs. Aim of the Study. The aim of this review was to examine the results from recent observational studies
about the effect of FA supplementation on PTB.Materials and Methods. We carried out a search on Medline and by manual search
of the observational studies from 2009 onwards that analyzed the rate of PTB in patients who received supplementation with FA
before and/or throughout pregnancy. Results. The results from recent observational studies suggest a slight reduction of PTBs that
is not consistent with the results from RCTs. Further research is needed to better understand the role of FA supplementation before
and during pregnancy in PTB.

1. Introduction

Folates are a group of water-soluble B vitamins naturally
existing in food such as legumes, leafy green vegetables, and
some fruits.

Folate in foods is naturally present in the form of reduced
folate polyglutamate conjugates, while folic acid (FA) refers
to the fully oxidized and most stable form of folate [1]. Due
to a better bioavailability of FA, which is approximately 70%
higher than that of folate, this is the synthetic form often used
in supplements and in fortified foods [2].

Under fasting conditions, the bioavailability of FA
approaches 100% reducing to about 85% when consumed
with food [3], while for food folates it is estimated to be
around 50% (60–90% for some fruits and vegetables) [4].

This group of vitamins acts as substrates and cofactors
in many cellular pathways and biological reactions like DNA
and RNA synthesis, cell replication, intracellular signalling,

and gene programming through methylation, among the
others.

All these processes are implicated in fetal and placental
growth and development; therefore the embryonic tissues
are sensitive to the presence of folates deficit or metabolic
alterations [5, 6].

In particular,methylation is the target of recent researches
due to the suggested role of folates in epigenetic changes that
would modify the individual response to diseases later in life
[7].

Supplementation with FA would therefore lead to dif-
ferent and more widespread effects during specific critical
developmental windows in pregnancy, as demethylation and
subsequent remethylation occur in the early embryo [8].

Recommended dietary allowances for folate, expressed as
dietary folate equivalents (DFE)—which takes into account
the higher bioavailability of synthetic FA compared to natu-
rally occurring folate in food—are 400𝜇g DFE/day in males
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and females over 19 y and 600𝜇g DFE/day for pregnant
women [3, 9].

Normal values (NV) of folates can be assessed in different
ways. Red blood cells (RBC) folate concentration (NV >
316 nmol/L (140 ng/mL)) is defined as a primary indicator
of folate status because of its correlation with liver folate
and consequent tissue stores [10]. Other indicators of folate
status are serum folate (NV > 6.8 nmol/L (3 ng/mL)) and
homocysteine (NV < 14 𝜇mol/L) [6].

The pharmacokinetics of FA shows a linear increase
in the steady-state concentration of serum folate levels for
increasing dose, when supplemented doses are administered
[11].

Wald and collaborators indicate that serum folate con-
centrations increase by 0.94 ng/mL (95% CI 0.77–1.10) for
every 0.1mg/day increase of FA intake in women aged 20–
35 years [12]. In addition to that, the absorption of FA is
similar whether it is administered in the morning or evening,
showing no circadian variation [13].

In literature an estimated mean adherence rate of 55%
among pregnant women taking prenatal multivitamins is
reported [14]; thus a higher FA supplementation could better
maintain the serum folate concentrations. For example, the
estimated steady-state serum folate levels produced by 5mg
FAwould remain above 7 ng/mL, evenwith 24% of pills taken
[11].

However, the mean time to reach a RBC concentration
of folate >906 nmol/L seems to be 4.2 ± 3.5 weeks even
with a supplementation of 0.8mg of FA [15]. In another
study plasmatic levels of folates reached the plateau level
after 3 months of supplementation with an increase in serum
folate by 80% in the first month with all doses (100𝜇g/die,
400 𝜇g/die, 4000𝜇g/die, 4000 𝜇g/week) [16].

Despite the unequivocal success of FA in reducing neural
tube defects (NTDs) rates [17–19], concerns have been raised
about the potential adverse effects of exposure to unmetabo-
lized FA resulting from FA intakes that overwhelm the liver
metabolic capacity [20].

However, according to recent researches some com-
pensatory mechanisms exist to limit this exposure: a high
dose (5mg) of FA roughly doubles the median plasma
concentration of unmetabolized FA over the first 12 weeks
of supplementation, but a significant decline is observed
thereafter, despite ongoing supplementation and sustained
total folate concentrations [21].

In addition to that, plasma concentration of unmetab-
olized FA does not appear significantly different between
groups exposed to 1.1mg and 5mg, respectively [11].

For security concerns also unmetabolized FA concentra-
tion in cord blood has been investigated and it seems that, in
the majority of pregnant women, FA supplied is not likely to
accumulate in the fetus [20, 22].

In pregnancy an increase of folate breakdown products
has been observed, in line with the extra demand due to
the rapidly growing placenta and fetus [23, 24] suggesting
a possible relation of folate status in the mother on fetal
growth [25]. Also, folates are required for the metabolism
of homocysteine, whose level is associated with pregnancy

complications, such as miscarriage, placental abruption, and
hypertension disorders [26–29].

A relevant scientific literature supports the role of FA in
protecting against both the first occurrence [17, 18] and the
recurrence [19, 30] of NTDs when used in the periconcep-
tional period. For this reason expert committees worldwide
have issued recommendations about supplementation with
0.4–1mg of FA, or 4-5mg if at higher risk of having a baby
with NTD [19, 31–34], and some countries adopted a policy
of food fortification with FA [35].

In the Cochrane review of De-Regil et al., the issue of
different doses, forms and schemes of folate supplementation
in the studies available is reported. In this review it is
confirmed that periconceptional (started before conception
and continued until 12 weeks of gestational age) FA supple-
mentation prevents NTDs, but there were insufficient data
to evaluate the effects on other outcomes such as congenital
cardiovascular defects, cleft lip and palate, miscarriages, or
any other birth defects [36].

Among the other outcomes, the rate of preterm birth
(PTB), which indicates birth before 37 weeks of gestational
age, has a major interest being a leading cause of perinatal
morbidity and mortality with a frequency of about 12-13%
births in the USA and 5–9% in many other developed
countries.These premature births are bothmedically induced
for maternal or fetal complications (such as preeclampsia or
eclampsia and intrauterine growth restriction) and sponta-
neous [37].

The survival chances of the 15million babies born preterm
each year vary dramatically depending on where they are
born. South Asia and sub-Saharan Africa account for half the
world’s births, more than 60% of the world’s preterm babies
and over 80% of the world’s 1.1 million deaths due to preterm
birth complications [38].

There are some hypotheses that could link reduced blood
folate and prematurity.

First, periconception FA supplementation may influence
early placentation processes [39]. In fact FA is potentially
important in a number of crucial early stages of placental
development, including extravillous trophoblast invasion,
angiogenesis, and secretion of matrix metalloproteinases
[40].

The role of FA in placentation could be supported
also by the observation that increased homocysteine levels
(on which folates have a lowering effect [41, 42]) induce
cytotoxic and oxidative stress on placental vascular and
endothelial functions [43–45] and exposure of trophoblast
cells to homocysteine may increase apoptosis [46]. Peri-
conceptional supplementation may therefore be beneficial
in preventing pregnancy disorders associated with deficient
placental development that could lead to PTB [47–51].

Second, micronutrient status at the time of implantation
could have a role in inflammation. In fact early PTB is
often caused by intrauterine infection and according to some
studies FA is reduced in PTB [52, 53].

However, the serum levels of homocysteine or FA mea-
sured in patients with preterm premature rupture of mem-
brane, an important cause of preterm delivery, do not differ
from those in matched control women [54, 55].
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At last, recent findings have also shown an association
between polymorphisms in folatemetabolizing genes and the
risk of spontaneous PTB [56].

The impact of PTB justifies the ongoing research on all
possible preventive methods and, on this basis, the effects of
supplementation with FA on prematurity have been recently
investigated.

The Cochrane review of Lassi and collaborators [57] had
the aim to assess the effect of FA supplementation alone
taken during pregnancy on haematological and biochemical
parameters and adverse events. Only 3 out of the 31 trials
included considered PTB among the outcomes, though with
different definitions (birth before 38 weeks of gestational age
in 2 trials [58, 59]), and found that FA supplementation (from
200mcg to 5mg) during pregnancy (started after conception
and continued until 30 weeks [60], administered before 26
weeks [58], started at 24weeks and continued to delivery [59])
had no impact on PTB (2,959 patients, RR 1.01, 95% CI 0.73–
1.38).

Fekete et al. [61] investigated the effect of FA supplemen-
tation (from 0.25mg to 5mg) started in the second trimester
and assessed the dose-response relationship between folate
intake and birth weight, placental weight, and length of
gestation. Data from 5 RCTs involving 380 participants were
analyzed.These studies reported a period of supplementation
of 12–24 weeks and folate intake both from supplements
or fortified foods and natural food source, often compared
to the use of iron alone. No beneficial effect of folate
supplementation on length of gestation was found.

Chiaffarino et al. [62] reviewed both RCTs and observa-
tional studies to investigate the effects of FA supplementation
ranging from 200mcg to 5mg on pregnancy outcomes. In the
majority of RCTs reported in this review, FA supplementation
was started after conception (ranging from the first consulta-
tion in pregnancy to the 30th week of gestational age). The
3 observational studies reported were heterogeneous as they
related the effects of different situations (preconceptional
supplementation, FA intake in pregnancy, and homocisteine
level in pregnancy) to PTB. The conclusion was that FA
supplementation in different periods of pregnancy had no
impact on the reduction of PTB according to RCTs while
the analysis of the observational studies showed a potential
beneficial role of FA.

2. Aim of the Study

The aim of our review is to update the findings of recent
observational studies that investigated the effect of FA supple-
mentation on PTB with interest in differentiating the period
of use (periconceptional and postconceptional) and when
available the outcome of spontaneous PTB.

3. Materials and Method

Medline database was searched using the keywords “folic
acid,” “preterm,” “preterm delivery,” “prematurity,” “supple-
mentation,” and “periconceptional” from 2009 onwards.

Reviews were excluded from this analysis and also non-
English written observational studies. Only studies focusing
mainly on FA supplementation and in singleton, low risk
pregnancies were included. Studies that evaluated the out-
come of PTB according to folate or homocysteine concentra-
tion in blood or serum were also excluded.

Finally, 7 papers were included.
The term PTB always refers to births that occurred before

37 weeks of pregnancy.
The studies evaluated were heterogeneous for the use of

FA (alone or with multivitamins), the dose of FA and the
beginning and the period of supplementation.

The characteristics and the results of the studies are
indicated in Table 1.

4. Results

Our review has found that there is not any agreement among
the results of the studies taken into the analysis.

The study of Papadopoulou [63] suggests a decrease of
PTB in women supplemented with 5mg of FA in early-
midpregnancy. This result is confirmed also in a large cohort
(38,151 women) [64] that used a similar dose of FA in the
periconceptional period, but not in the “Generation R study”
[65].

The use of FA in the second and third trimesters
appears to be more protective against PTB than in the
preconceptional period in a large cohort of patients that
received supplementation in a fortification policy country
(US) [66]. Differently, Alwan et al. reported an increased
risk of PTB in a population with a later beginning of
supplementation, especially if extended beyond the first and
second trimesters of pregnancy. The authors report that
it cannot be ruled out that residual confounding may be
contributing to this apparent association as there may be
unmeasured confounders resulting in the apparent negative
relationship between multivitamin supplement taking in the
third trimester and PTB [67].

Regarding the dose, more than 5mg do not seem to
increase the beneficial effect observed [63], while the length
of supplementation (more than 1 year preconception and
until the end of the first trimester) reduced the rate of PTB
before 32 weeks of gestational age in a cohort of 34,480
women even if in this study the supplementation could
include multivitamins [68].

Catov et al. [69] agree with the beneficial effect of
multivitamins with FA (but not of FA alone) only in a
subgroup of patients (nonobese women), while in overweight
patients this effect was not observed.

The start of supplementation is an important issue as
administration of FA before or after conception could have
different effects due to its action on different targets.

Among the studies reported, the ones of Bukowski, Catov,
and Timmermans evaluate the effect of FA given before
conception on PTB, while the others report its use after that.
Apparently, there is not any strong difference in the outcome.

Last, some studies report the effect of FA on the total
number of PTB. However, differentiation between PTB due
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to spontaneous birth rather than to active interventions
for maternal or fetal complications is an issue of relevant
importance.

In our analysis there are some limitations due to the
differences among these studies in terms of dose of FA, pre- or
postconceptional beginning and end of supplementation, use
of multivitamins, length of supplementation, and gestational
age at which the supplementation was started if postconcep-
tional.

A strong limitation of observational studies design is
the possibility that relevant confounders have not been
accounted for. Thus it is conceivable that folate supplemen-
tation could be a marker of healthy behavior. Also, the use
of questionnaires based on women self-report use of FA or
multivitamins could lead to the collection of questionable
data and it is associated with recall bias. Comorbidities in the
studied populations are not precisely described as well.

Instead, RCTs are the most rigorous way of determining
whether a cause-effect relation exists between treatment
and outcome and for assessing the cost effectiveness of a
treatment. They have several important features such as
random allocation to intervention groups, patients, and
trialists unaware of the treatment given until the end of the
study, identical treatment for all intervention groups (except
for the experimental treatment), analysis of patients within
the group to which they are allocated, irrespective of whether
they experience the intended intervention (intention to treat
analysis), and finally the analysis is focused on estimating
the size of the difference in predefined outcomes between
intervention groups.

5. Conclusion

In conclusion, our analysis shows that the results from the
observational studies evaluated are conflicting, although a
trend of PTB reduction in subgroups with definite features
has been noted. These results are not entirely consistent with
the ones derived from previous RCTs.

The impact of PTB on perinatal morbidity and mortality
and the uncertain effect of FA supplementation on this condi-
tion require the development of well-designed and adequate
sample size RCTs on this topic which examine the effect of
preconceptional and postconceptional supplementation and
differentiate the outcome in spontaneous and iatrogenic PTB.
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