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Abstract

The beneficial effect of folic acid supplementation before and shortly after conception is well recognized, whereas
the effect of supplementation during the second and third trimesters is controversial and poorly documented. Our
aims were to systematically review randomized controlled trials (RCTs) investigating the effect of folate
supplementation on birth weight, placental weight and length of gestation and to assess the dose-response
relationship between folate intake (folic acid plus dietary folate) and health outcomes. The MEDLINE, EMBASE and
Cochrane Library CENTRAL databases were searched from inception to February 2010 for RCTs in which folate
intake and health outcomes in pregnancy were investigated. We calculated the overall intake-health regression
coefficient (8) by using random-effects meta-analysis on a loge-log. scale. Data of 10 studies from 8 RCTs were
analyzed. We found significant dose-response relationship between folate intake and birth weight (P=0.001), the
overall 8 was 0.03 (95% confidence interval (Cl): 0.01, 0.05). This relationship indicated 2% increase in birth weight
for every two-fold increase in folate intake. In contrast, we did not find any beneficial effect of folate
supplementation on placental weight or on length of gestation. There is a paucity of well-conducted RCTs
investigating the effect of folate supplementation on health outcomes in pregnancy. The dose-response
methodology outlined in the present systematic review may be useful for designing clinical studies on folate
supplementation and for developing recommendations for pregnant women.
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Introduction

Folate plays a crucial role in the one-carbon metabolism
for physiological nucleic acid synthesis and cell division,
regulation of gene expression, amino acid metabolism
and neurotransmitter synthesis [1]. During pregnancy,
increased folate intake is required for rapid cell prolif-
eration and tissue growth of the uterus and the placenta,
growth of the fetus and expansion of the maternal blood
volume [2]. Folate requirements are 5- to 10-fold higher
in pregnant than in non-pregnant women [3], therefore
pregnant women may be at risk for folate deficiency.
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The importance of adequate periconceptional folate
supply is well recognized in human health; the link be-
tween maternal folate status and fetal neural tube
defects (NTDs) [4,5] and other congenital malformations
[6-10] is generally accepted. In most countries women
are advised to use folic acid supplements in the pericon-
ceptional period: 0.4 mg per day when planning a preg-
nancy, or 4 mg per day when a previous pregnancy was
affected by NTD [11].

However, the effect of folate supplementation through-
out pregnancy on several other health outcomes is
highly controversial [12]. Numerous observational stud-
ies suggest a potential benefit of good maternal folate
status on birth weight, placental weight or length of ges-
tation [13-18]. In contrast, supplementation trials have
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shown equivocal results: some supplementation trials
reported no effect [19-24] whereas other trials reported
significant beneficial effect of folate supplementation on
at least one of the above-mentioned pregnancy out-
comes [25-28].

The aims of this systematic review and meta-analysis
were to summarize the evidence from randomized con-
trolled trials (RCTs) and to assess the dose-response re-
lationship between folate intake and birth weight,
placental weight as well as length of gestation.

Methods

The research presented here is part of a project within
the European Micronutrient Recommendations Aligned
(EURRECA) network that aims to identify micronutrient
requirements for optimal health in European popula-
tions (www.eurreca.org). Data reported in this systematic
review represent part of a wider review process aimed to
identify studies assessing the effect of folate intake on
different markers of folate status and health outcomes in
different population subsets with potential folate
deficiency.

Search strategy

Electronic searches were carried out in Ovid MEDLINE
(www.ovid.com), EMBASE (Ovid) (www.ovid.com) and
the Cochrane Library CENTRAL database (www.
thecochranelibrary.com) from inception to February
2010. Text terms with appropriate truncation and index-
ing terms were used to identify articles eligible for re-
view. The general search strategy was in the following
form: [randomized controlled trials] AND [human stud-
ies] AND [intake or status] AND [folate or folic acid or
vitamin Bg]. The search strategy was adapted to each of
the individual databases. The electronic searches were
supplemented with hand searches of journals, and the
reference lists from relevant articles located were used
to identify additional sources. We did not apply any lan-
guage restriction.

Inclusion criteria

To be included, a study needed to meet the following
criteria: 1. supplementation study in healthy pregnant
women, 2. RCT with control group which received pla-
cebo or no treatment (in the case of combined interven-
tion with other micronutrients the only difference
between intervention and control group is folate supple-
mentation), 3. minimum duration of supplementation of
12 weeks, 4. report folate intake from supplements, forti-
fied foods or natural food sources, and 5. report one or
more of the following health outcomes: birth weight,
placental weight and length of gestation. Only papers
meeting all inclusion criteria were included in the
review.
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Data collection and extraction

Titles and abstracts were screened for inclusion by two
independent reviewers, with duplicate assessment of a
random sample of 10% in order to harmonize the
process. The full text of the potentially relevant titles
and abstracts was screened for inclusion by using an in-
clusion/exclusion form. Included papers were extracted
into a Microsoft Access 2003 database file (Microsoft
Corp, Redmond, WA) by two independent reviewers.
The database included bibliographic and methodological
details, population characteristics, intervention details as
well as outcome data. In doubtful cases, studies were
discussed within the review team before beginning full
data extraction.

Assessment of internal validity of included studies

In order to assess the risk of bias in the studies, the fol-
lowing indicators of internal validity specific to the RCT
methodology were collected: 1. method of sequence
generation and allocation, 2. blinding of participants,
3. number of participants at start, dropouts and dropout
reasons, 4. funders, 5. compliance check, 6. dose check,
7. dietary intake data reported, 8. outcome comparability
and reproducibility and 9. similarity of most and least
exposed groups at baseline. The criteria for evaluating
these indicators were adapted from the Cochrane Hand-
book [29]. Based on these indicators, two reviewers
decided on the overall risk of bias.

Data synthesis

When necessary, units of measurement were converted
to a standard form to facilitate comparison across stud-
ies. If data were not presented in mean + standard devi-
ation, they were converted into this format using
methods described in the Cochrane Handbook [29]. Tak-
ing into account that synthetic folic acid is more bio-
available than natural food folates, the amount of folic
acid from supplements was transformed into amount of
folate (multiplied by 1.7 to express it in Dietary Folate
Equivalents) [30]. When dietary intake was not provided,
the mean dietary folate intake (247 pg/day) from other
comparable studies investigating the relationship be-
tween folate intake and status [31] was included in the
calculation.

We calculated an intake-health regression coefficient
(/;’) and its standard error (SE) for each individual study
[32]. The intake-health relationship was assumed to be
linear on the log.-log. scale (natural logarithm of intake
versus natural logarithm of the single health outcome).
This assumption is based upon our hypothesis that the
true intake-health curve for folate would follow a natural
logarithmic function, slowly growing to positive infinity
as x (intake) increases and rapidly going to negative
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infinity as x (intake) approaches 0. However, the true
shape of the relationships that we investigated is mostly
unknown. This shape of the curve (monotonic concave)
is a likely shape in biology. Therefore, we used this as-
sumption as a practical approximation. The basics of the
statistical model underlying the meta-analysis are
described in detail elsewhere [32].

Meta-analysis was carried out with Cochrane software,
Review Manager Version 5 (Cochrane Collaboration;
www.cochrane.org); we calculated the overall B using
random-effects model. A statistically significant result
indicated that the health outcome was indeed respond-
ing to supplementation. Levels of the heterogeneity were
noted (heterogeneity was considered significant where
P <0.1 on the chi-square test, or > 50%).

Results

Study inclusion

The flow diagram of the literature search for this sys-
tematic review is shown on Figure 1. Altogether 4067
hits were identified through the general electronic and
bibliographic searches. A total of 3784 titles appeared to
be inappropriate, only 283 described the population of
pregnant women and appeared to be potentially relevant
for the aim of this review. After abstract screening, 136
were collected as full-text papers and finally 8 publica-
tions fulfilled our inclusion criteria. One article con-
tained two different ethnic groups [25] and one article
contained two different interventions [24]. These data
were analyzed each as two separate studies, giving a total
of 10 substudies from 8 publications. The most common
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reasons for exclusion were inappropriate study design,
combined intervention, i.e. multivitamin supplementa-
tion vs. placebo and not relevant study outcome.

The characteristics of the studies included in the
analysis are presented in Table 1. The age of pregnant
women was reported only in three studies [19,23,24];
one of them included pregnant adolescents [23]. Three
studies were carried out in Europe [24,28,33], two in
South America [19,23], two in Asia [26,27] and one
in Africa [25]. The supplement was synthetic folic
acid in most cases, subjects were treated with 5-
methyltetrahydrofolate (5-MTHF) in one study [24].
In those studies in which folic acid was used the inter-
vention group received folic acid together with an iron
supplement, while the control group received an iron
supplement alone. 5-MTHF versus placebo and 5-
MTHEF together with fish oil versus fish oil were used
in the study by Klingler et al. [24].

Each included study represented high risk of bias (data
not shown). There was complete absence of data regard-
ing the method of randomization; the blinding was ad-
equate only in one study [23], and the reasons for
dropping out were reported in three studies only
[19,24,33].

Birth weight

Birth weight was the most frequently reported health
outcome, it was measured in 9 studies from 7 publica-
tions including 707 participants. Studies used a wide
range of supplementation doses from 0.25 mg to 5 mg
folic acid per day. The duration of supplementation var-
ied among studies from 12 to 22 weeks (Table 1).

Titles and abstracts retrieved
from electronic, bibliographic
and expert searches: 283

| Titles and abstracts very unlikely to be
"| relevant: 147

A 4

Titles and abstracts appeared
potentially relevant and were
collected as full texts: 136

A 4

Full papers included: 8

® Birth weight: 7

Papers excluded:

® Not RCT, not adequate control group : 64
® Combined intervention: 16

® Non healthy subjects: 6

¢ Other outcomes: 35

v ® No population of interest: 2

® Review: 4

® Imprecise data: 1

® Placental weight: 4
® Length of gestation: 5

Figure 1 Flow diagram of the systematic literature search.
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Table 1 Basic characteristics of included studies

Study Participant characteristics Short description Tota*l folate Mean duratiorl*of Health
Country Age No. in intervention of intervention intake (ug/day) intervention outcomes
and control groups

Baumslag  South N/A 65; 63% and 200 mg iron+5 mg 8620% 8747° 16 wk® and birth weight

1970 [25]  Africa 62; 52° FA/day 12 wkP
200 mg iron/day 120°; 247°

lyengar India N/A 23; 26 60 mg iron + 300 ug 757 18 wk birth weight

1971 [26] FA/day
60 mg iron/day 247

lyengar India N/A 98; 91 60 mg iron + 500 pg 1097 16 wk birth weight;

1975 [27] FA/day placental weight
60 mg iron/day 247

Klingler Spain 18-40y 16; 12 400 pg 5-MTHF/day 647 20 wk birth weight;

2006 [24] 11: 16 placebo/day 547 placental vve\gh“[;

length of gestation
fish oil +400 pg 5- 647
MTHF/day
fish oil/day 247

Lira Chile 268+43y 75,78 105 mg iron + 350 pg 842 24 wk length of gestation

1989 [19] 266+53y FA/day
105 mg iron/day 247

Nogueira  Brasil 13-18y 15,13 120 mg iron sulphate+ 545 22 wk birth weight;

2002 [23] 250 pg FA/day length of gestation
120 mg iron 120
sulphate/day

Rolschau  Denmark N/A 20; 16 250 mg ferrofumarate + 8747 17 wk birth weight;

1979 [33] 5 mg FA/day placental weight;
250 mg 247 length of gestation
ferrofumarate/day

Tchernia  France N/A 54; 54 iron + 350 ug FA/day 842 12 wk birth weight;

1982 [28] - placental weight;
iron/day 247

length of gestation

Abbreviations: g, data of Bantu women; b, data of White women; FA, folic acid; 5-MTHF, 5-methyltetrahydrofolate; N/A, data not available; *, expressed as Dietary

Folate Equivalents; **, supplements were administered from the second trimester to delivery in each study.

Folate supplementation resulted in significantly increased
birth weight in the intervention group compared to the
placebo group (P=0.001); the pooled effect estimate of the
relationship between total folate intake (dietary folate plus
folic acid/folate supplement) and birth weight was 0.03

(95% confidence interval (CI): 0.01, 0.05) (Figure 2). This
means that two-fold increase in folate intake corresponds
to a 1.02-fold (2P=20%%) higher birth weight, which is 2%
increase. The test for heterogeneity showed moderate
heterogeneity (I>=54%) among studies. There were insufficient

B B
Study or Subgroup B SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Baumslag 1970 [24] ¢ 0.03805 0.01048 18.7% 0.04 [0.02, 0.06] -
Baumslag 1970 [24] d 0.00394 0.00979 19.3% 0.00 [-0.02, 0.02] "
lyengar 1971 [25] 0.10156 0.04481 3.4% 0.10[0.01, 0.19]
lyengar 1975 [26] 0.04994 0.01358 15.9% 0.05[0.02, 0.08] =
Klingler 2006 [23] a -0.03093 0.03764  4.6% -0.03 [-0.10, 0.04] - 1
Klingler 2006 [23] b -0.04853 0.05164  2.6% -0.05[-0.15, 0.05] _
Nogueira 2002 [22] 0.03302 0.03331 5.5% 0.03 [-0.03, 0.10] I
Rolschau 1979 [31] 0.03471 0.01127 18.0% 0.03[0.01, 0.06] -
Tchernia 1982 [27] 0.03684 0.01861 12.0% 0.04 [0.00, 0.07] e
Total (95% ClI) 100.0% 0.03 [0.01, 0.05] L 2

Heterogeneity: Tau? = 0.00; Chi? = 17.51, df = 8 (P = 0.03); 12 = 54% y

Test for overall effect: Z = 3.27 (P = 0.001)

0 0.1 0.2

Figure 2 Response of birth weight to supplementation with folic acid or 5-methyltetrahydrofolate. Abbreviations: a,
5-methyltetrahydrofolate versus placebo; b, 5-methyltetrahydrofolate and with fish oil versus fish oil; ¢, Bantu women; d White women.
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Test for overall effect: Z = 1.75 (P = 0.08)

B B
Study or Subgroup B SE_Weight IV, Random, 95% CI 1V, Random, 95% CI
lyengar 1975 [26] 0.08833 0.02022 29.7% 0.09 [0.05, 0.13] .
Klingler 2006 [23] a -0.10767 0.07174 8.4% -0.11[-0.25,0.03) — |
Klingler 2006 [23] b -0.01569 0.0797 71% -0.02 [-0.17, 0.14]
Rolschau 1979 [31] 0.02981 0.01745 31.5% 0.03 [-0.00, 0.06] Bl
Tchernia 1982 [27] 0.06906 0.03062 23.2% 0.07 [0.01, 0.13] —
Total (95% CI) 100.0% 0.04 [-0.00, 0.09] @

Heterogeneity: Tau? = 0.00; Chi? = 10.82, df = 4 (P = 0.03); I = 63% - y T T

Figure 3 Response of placental weight to supplementation with folic acid or 5-methyltetrahydrofolate. Abbreviations: a,
5-methyltetrahydrofolate versus placebo; b, 5-methyltetrahydrofolate and with fish oil versus fish oil.

studies to perform further analysis of different subgroups
according to supplement form, gestational age, dose or
duration.

Placental weight
Altogether 5 studies from 4 publications addressed the
association between folate intake and placental weight;
199 participants in the intervention group and 189 parti-
cipants in the control group were included. The duration
of supplementation ranged from 12 to 20 weeks. The
lowest supplementation dose was 0.35 mg, while the
highest supplementation dose was 5 mg folic acid per
day (Table 1).

As it can be seen on Figure 3, the meta-analysis
revealed no significant effect of total folate intake on pla-

cental weight (P=0.08), the pooled /3’ was 0.04 (95% CIL:
0.00, 0.09) with significant heterogeneity (I°=63%). The
low number of studies available did not allow further
analysis of different subgroups according to supplement
form, gestational age, dose or duration.

Length of gestation

Six studies from 5 publications involving 380 partici-
pants contained eligible data for the meta-analysis. Daily
dose of folic acid supplementation varied from 0.25 mg
to 5 mg, the duration was from 12 to 24 weeks
(Table 1).

The meta-analysis of the 6 RCTs available failed to
show any significant effect of increased folate intake on

length of gestation (P=0.77), the pooled Zi was 0.00 (95%
CIL: -0.01, 0.01) (Figure 4). There was low heterogeneity
between studies (1°=40%). Like in the case of the previ-
ous health outcomes, we were not able to perform sub-
group analysis.

Discussion
Birth weight is one of the most important pregnancy
outcome parameters; it is strongly associated with infant
mortality during the first year of life and influences later
developmental processes as well [34]. Folate required for
growth reaches the maximal level in the last trimester
[35], because of rapid growth of the fetus and the utero-
placental system and fetal accumulation of folate stores.
Without sufficient folate intake, maternal plasma and
red blood cell (RBC) folate decreases from the fifth
month of pregnancy until several weeks after delivery
[36]. A recent prospective study has also shown that low
folate intake (< 187 pg/day) and low RBC folate status in
the late pregnancy increase the risk of small for gesta-
tional age (SGA) birth in an adolescent population [37].
Other studies reported positive association between
birth weight and maternal RBC folate status [13,38].

The present systematic review was aimed to
summarize available data on the role of folate status in
basic aspects of pregnancy outcome. Moreover, we

B
IV, Random, 95% CI

Test for overall effect: Z=0.29 (P = 0.77)

Study or Subgroup B SE_Weight 95% CI

Klingler 2006 [23]a  -0.02196 0.03133  1.3%  -0.02[-0.08, 0.04] —

Klingler 2006 [23]b  -0.01515 0.01139  8.5%  -0.02[-0.04, 0.01] -

Lira 1989 [18] -0.00193 0.00435 28.0%  -0.00[-0.01,0.01] L

Nogueira 2002 [22] 0.00102 0.00783 14.8% 0.00 [-0.01, 0.02] T

Rolschau 1979 [31]  0.00013 0.00415  29.0% 0.00 [-0.01, 0.01] "

Tchernia 1982 [27] 0.01622 0.00662 18.4% 0.02[0.00, 0.03] o

Total (95% Cl) 100.0% 0.0 [-0.01, 0.01]

Heterogeneity: Tau? = 0.00; Chi2 = 8.33, df = 5 (P = 0.14); 12 = 40% + + + +

-02 -01 0 0.1 0.2

Figure 4 Response of length of gestation to supplementation with folic acid or 5-methyltetrahydrofolate. Abbreviations: 3,
5-methyltetrahydrofolate versus placebo; b, 5-methyltetrahydrofolate and with fish oil versus fish oil.
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included 10 studies (from 8 published papers) into a
meta-analysis in order to assess whether there is any
dose-response relationship between folate intake and
birth weight, placental weight and length of gestation.

We applied base-e logarithmic transformation on fol-
ate intake and on the aforementioned pregnancy out-
come parameters. These transformations make it
possible to pool f values and report them as dose—
response relationship between intake and health. The
overall B represents the difference in the log.-trans-
formed predicted value of the given health outcome for
each one-unit difference in the log.-transformed value in
folate intake. The intervention was started from the sec-
ond trimester in all the included studies; therefore our
results allow inferences about supplementation during
pregnancy which differ substantially from periconcep-
tional folate supplementation.

Our results support the hypothesis that increased folate
intake after the first trimester is associated with higher
birth weight. The overall § was found to be 0.03 indicating
that a two-fold increase in folate intake corresponds to a
2% higher birth weight, which is a slight but significant in-
crease. Or to put it in another way, a neonate whose
mother has a folate intake of 500 pg per day is predicted
to have a birth weight that is 2% higher than a neonate
whose mother has a folate intake of 250 pg per day.

Placental weight is an important determinant of fetal
weight. It has been also demonstrated that placental
weight was significantly lower in SGA neonates com-
pared to appropriate for gestational age neonates of the
same birth weight [39]. Placental uptake of folate from
the maternal circulation is critical for adequate folate
supply to the developing fetus. Maternal folate is trans-
ferred against a concentration gradient to the fetus, the
net effect is a two-fold higher plasma folate level of the
neonates compared to the maternal plasma level at de-
livery [40]. Inadequate folate status during pregnancy
may be a risk factor of several adverse health outcomes,
such as fetal malformations and various placenta-related
diseases [41]. Moreover, low folate status results in ele-
vated plasma homocysteine level, which may increase
the risk of placental damage and dysfunction, disturbing
thereby oxygen and nutrient transport to the fetus [42].

In the present study we failed to detect any dose re-
sponse relationship between folate intake and placental
weight; our data did not show significantly elevated pla-
cental weight in treatment groups compared to placebo
groups (P=0.08). In contrast to the growth of the fetus,
the placenta grows rapidly in the first trimester and
reaches its full size during the second trimester [43],
therefore folate supplementation may have no further ef-
fect on placental weight in the later period of pregnancy.

A prospective study conducted on more than 2000
pregnant women demonstrated that low serum folate is
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associated with nearly a double risk of preterm delivery
[44]. Scholl and colleagues have found similar degree of
risk for preterm delivery in women with low folate in-
take (< 240 pg per day) [45]. Still, like in the case of pla-
cental weight, we did not find significant effect of folate
supplementation on the length of gestation in the inter-
vention groups compared to placebo groups (P=0.77).

The strength of our meta-analysis is the inclusion of
RCTs. Ideally, RCTs should provide reliable data about
the effect of an intervention. Randomization allows us
to assume that changes in birth weight, placental
weight or length of gestation are definitely due to fol-
ate intervention. Other factors that might affect these
pregnancy outcomes would be expected to be distribu-
ted randomly between the intervention and control
groups.

The findings of this meta-analysis must be interpreted
in the light of certain limitations. First of all, the major-
ity of studies were conducted at least 30 years ago and,
according to our current standards, all of them had high
risk of bias. These uncertainties originate mainly from
the lack of methodological information in studies pub-
lished several decades ago: e.g. the laboratory parameters
of the included pregnant women and other potential
confounders, like smoking, alcohol consumption, mater-
nal BMI or sex of the infant were usually poorly
described. The substantial risk of bias increases the un-
certainty of our results and may lead to overestimation
or underestimation of the true treatment effect. Differ-
ences in supplement form, gestational age, dose or dur-
ation may explain the observed heterogeneity of
intervention effect; however, the low number of studies
included did not allow us to divide them into groups
and perform further subgroup analysis. Furthermore, it
must be taken into account that the potential reason of
the non-significant results of placental weight and length
of gestation analysis may be explained by the effect of
inadequate sample size. In addition, the studies included
in this meta-analysis evaluated approximately 700 birth
weights and 400 durations of pregnancy, which would
correspond to about 70 SGA birth weights and 40 pre-
term births in both interventional groups together. Thus
this study may be underpowered to make inferences
about those most important outcomes.

Conclusion

Our meta-analysis demonstrated significant dose—
response relationship between folate intake and birth
weight. However, the results indicated no evidence of
any effect of folate supplementation on placental weight
and length of gestation. The relative paucity of data that
we were able to collect into this systematic review indi-
cates that there is an urgent need to develop further
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high quality studies focusing on health outcomes of fol-
ate supplementation after the first trimester.

Abbreviations

B: Regression coefficient; Cl: Confidence interval; 5-MTHF: 5-
methyltetrahydrofolate; NTD: Neural tube defect; RCT: Randomize controlled
trial; SE: Standard error; SGA: Small for gestational age.

Competing interest
The authors declare that they have no competing interests.

Authors’ contributions

(B, KF and MT assessed studies for inclusion; CB and MT extracted data, and
assessed validity; CD and OWS developed the statistical model; CB and KF
conducted meta-analyses. All authors were involved in critical discussion and
editing the manuscript for publication, and all authors agreed the final text.

Source of funding

This research was undertaken as an activity of the European Micronutrient
Recommendations Aligned (EURRECA) Network of Excellence (www.eurreca.
org) funded by the European Commission (Contract Number FP6 036196-2
(FOOD)).

Acknowledgements

The original conception of the systematic review was undertaken by the
EURRECA Network and coordinated by partners based at Wageningen
University (WU), the Netherlands and the University of East Anglia (UEA),
United Kingdom. Susan Fairweather-Tait (UEA), Lisette de Groot (WU), Pieter
van't Veer (WU), Kate Ashton (UEA), Amélie Casgrain (UEA), Adriénne
Cavelaars (WU), Rachel Collings (UEA), Rosalie Dhonukshe-Rutten (WU),
Esmée Doets (WU), Linda Harvey (UEA) and Lee Hooper (UEA) designed and
developed the review protocol and search strategy.

Author details

'Department of Biochemistry and Medical Chemistry, University of P&cs,
Szigeti Gt 12, H-7624 Pécs, Hungary. “Unit of Obstetrics and Gynecology and
Center for Fetal Research Giorgio Pardi, University of Milan, Milan, Italy.
*Department of Paediatrics, University of Pécs, Pécs, Hungary. “Division of
Human Nutrition, Wageningen University and Research Centre, Wageningen,
The Netherlands.

Received: 6 April 2012 Accepted: 27 August 2012
Published: 19 September 2012

References

1. Djukic A: Folate-responsive neurologic diseases. Pediatr Neurol 2007,
37:387-397.

2. Rondo PH, Tomkins AM: Folate and intrauterine growth retardation. Ann
Trop Paediatr 2000, 20:253-258.

3. Antony AC: In utero physiology: role of folic acid in nutrient delivery and
fetal development. Am J Clin Nutr 2007, 85:5985-603S.

4. MRC Vitamin Study Research Group: Prevention of neural tube defects:
results of the medical research council vitamin study. Lancet 1991,
338:131-137.

5. Czeizel AE, Dudés I: Prevention of the first occurrence of neural-tube
defects by periconceptional vitamin supplementation. N Engl J Med 1992,
327:1832-1835.

6. Shaw GM, O'Malley CD, Wasserman CR, Tolarova MM, Lammer EJ: Maternal
periconceptional use of multivitamins and reduced risk for conotruncal
heart defects and limb deficiencies among offspring. Am J Med Genet
1995, 59:536-545.

7. Shaw GM, Lammer EJ, Wasserman CR, O'Malley CD, Tolarova MM: Risks of
orofacial clefts in children born to women using multivitamins
containing folic acid periconceptionally. Lancet 1995, 346:393-396.

8. Myers MF, Li S, Correa-Villasefor A, Li Z, Moore CA, Hong SX, Berry RJ,
China-US Collaborative Project for Neural Tube Defect Prevention: Folic acid
supplementation and risk for imperforate anus in China. Am J Epidemiol
2001, 154:1051-1056.

9. Botto LD, Mulinare J, Erickson JD: Occurrence of omphalocele in relation
to maternal multivitamin use: a population-based study. Pediatrics 2002,
109:904-908.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

Page 7 of 8

van Rooij 1A, Swinkels DW, Blom HJ, Merkus HM, Steegers-Theunissen RP:
Vitamin and homocysteine status of mothers and infants and the risk of
nonsyndromic orofacial clefts. Am J Obstet Gynecol 2003, 189:1155-1160.
Pitkin RM: Folate and neural tube defects. Am J Clin Nutr 2007,
85:2855-288S.

Fekete K, Berti C, Cetin |, Hermoso M, Koletzko BV, Decsi T: Perinatal folate
supply: relevance in health outcome parameters. Matern Child Nutr 2010,
6:23-38.

Ek J: Plasma and red cell folate in mothers and infants in normal
pregnancies. Relation to birth weight. Acta Obstet Gynecol Scand 1982,
61:17-20.

Goldenberg RL, Tamura T, Cliver SP, Cutter GR, Hoffman HJ, Copper RL:
Serum folate and fetal growth retardation: a matter of compliance?
Obstet Gynecol 1992, 79:719-722.

Tamura T, Goldenberg RL, Freeberg LE, Cliver SP, Cutter GR, Hoffman HJ:
Maternal serum folate and zinc concentrations and their relationships to
pregnancy outcome. Am J Clin Nutr 1992, 56:365-370.

Frelut ML, de Courcy GP, Christidés JP, Blot P, Navarro J: Relationship
between maternal folate status and foetal hypotrophy in a population
with a good socio-economical level. Int J Vitam Nutr Res 1995,
65:267-271.

Neggers YH, Goldenberg RL, Tamura T, Cliver SP, Hoffman HJ: The
relationship between maternal dietary intake and infant birthweight.
Acta Obstet Gynecol Scand 1997, 165:71-75.

Relton CL, Pearce MS, Parker L: The influence of erythrocyte folate and
serum vitamin B12 status on birth weight. Br J Nutr 2005, 93:593-599.
Lira P, Barrena N, Foradori A, Gormaz G, Grebe G: Deficiency of folates in
pregnancy: effect of supplementary folic acid. Sangre (Barc) 1989,
34:24-27.

Fletcher J, Gurr A, Fellingham FR, Prankerd TA, Brant HA, Menzies DN: The
value of folic acid supplements in pregnancy. J Obstet Gynaecol Br
Commonw 1971, 78:781-785.

Giles PF, Harcourt AG, Whiteside MG: The effect of prescribing folic acid
during pregnancy on birth-weight and duration of pregnancy. A
double-blind trial. Med J Aust 1971, 2:17-21.

Fleming AF, Martin JD, Hahnel R, Westlake AJ: Effects of iron and folic acid
antenatal supplements on maternal haematology and fetal wellbeing.
Med J Aust 1974, 2:429-436.

Nogueira NN, Macedo AS, Parente JV, Cozzolino SM: Nutritional profile of
newborns of adolescent mothers supplemented with iron, in different
concentrations, zinc and pholic acid. Rev Nutr 2002, 15:193-200.

Klingler M, Blaschitz A, Campoy C, Cafio A, Molloy AM, Scott JM, Dohr G,
Demmelmair H, Koletzko B, Desoye G: The effect of docosahexaenoic acid
and folic acid supplementation on placental apoptosis and proliferation.
Br J Nutr 2006, 96:182-190.

Baumslag N, Edelstein T, Metz J: Reduction of incidence of prematurity by
folic acid supplementation in pregnancy. Br Med J 1970, 1:16-17.

lyengar L: Folic acid requirements of Indian pregnant women. Am J
Obstet Gynecol 1971, 111:13-16.

lyengar L, Rajalakshmi K: Effect of folic acid supplement on birth weights
of infants. Am J Obstet Gynecol 1975, 122:332-336.

Tchernia G, Blot |, Rey A, Kaltwasser JP, Zittoun J, Papiernik E: Maternal
folate status, birthweight and gestational age. Dev Pharmacol Ther 1982,
4:58-65.

Higgins JPT, Green S: Cochrane handbook for systematic reviews for
interventions, version 5.0.2 (updated September 2009). Cochrane
Collection 2009.

Suitor CW, Bailey LB: Dietary folate equivalents: interpretation and
application. J Am Diet Assoc 2000, 100:88-94.

Berti C, Fekete K, Dullemeijer C, Trovato M, Souverein OW, Cavelaars A,
Dhonukshe-Rutten R, Massari M, Decsi T, van't Veer P, Cetin |: Folate intake
and markers of folate status in women of reproductive age, pregnant
and lactating women: a meta-analysis. J Nutr Metab. In press.

Souverein OW, Dullemeijer C, van't Veer P, van der Voet H: Transformations
of summary statistics as input in meta-analysis for linear dose-response
models on a logarithmic scale: a methodology developed within
EURRECA. BMC Med Res Methodol 2012, 2:57.

Rolschau J, Date J, Kristoffersen K: Folic acid supplement and intrauterine
growth. Acta Obstet Gynecol Scand 1979, 58:343-346.

Wilcox AJ: On the importance—and the unimportance—of birthweight. Int
J Epidemiol 2001, 30:1233-1241.



Fekete et al. Nutrition Journal 2012, 11:75
http://www.nutritionj.com/content/11/1/75

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Higgins JR, Quinlivan EP, McPartlin J, Scott JM, Weir DG, Darling MR: The
relationship between increased folate catabolism and the increased
requirement for folate in pregnancy. BJOG 2000, 107:1149-1154.

Smits LJ, Essed GG: Short interpregnancy intervals and unfavourable
pregnancy outcome: role of folate depletion. Lancet 2001,
358:2074-2077.

Baker PN, Wheeler SJ, Sanders TA, Thomas JE, Hutchinson CJ, Clarke K, Berry
JL, Jones RL, Seed PT, Poston L: A prospective study of micronutrient
status in adolescent pregnancy. Am J Clin Nutr 2009, 89:1114-1124.

Rao S, Yajnik CS, Kanade A, Fall CH, Margetts BM, Jackson AA, Shier R, Joshi
S, Rege S, Lubree H, Desai B: Intake of micronutrient-rich foods in rural
Indian mothers is associated with the size of their babies at birth: pune
maternal nutrition study. J Nutr 2001, 131:1217-1224.

Heinonen S, Taipale P, Saarikoski S: Weights of placentae from small-for-
gestational age infants revisited. Placenta 2001, 22:399-404.

Molloy AM, Kirke PN, Brody LC, Scott JM, Mills JL: Effects of folate and
vitamin B12 deficiencies during pregnancy on fetal, infant, and child
development. Food Nutr Bull 2008, 29:5101-S111.

Tamura T, Picciano MF: Folate and human reproduction. Am J Clin Nutr
2006, 83:993-1016.

Le Clair C, Abbi T, Sandhu H, Tappia PS: Impact of maternal undernutrition
on diabetes and cardiovascular disease risk in adult offspring. Can J
Physiol Pharmacol 2009, 87:161-179.

Lestou VS, Kalousek DK: Confined placental mosaicism and intrauterine
fetal growth. Arch Dis Child Fetal Neonatal Ed 1998, 79:F223-F226.
Siega-Riz AM, Savitz DA, Zeisel SH, Thorp JM, Herring A: Second trimester
folate status and preterm birth. Am J Obstet Gynecol 2004, 191:1851-1857.
Scholl TO, Hediger ML, Schall JI, Khoo CS, Fischer RL: Dietary and serum
folate: their influence on the outcome of pregnancy. Am J Clin Nutr 1996,
63:520-525.

doi:10.1186/1475-2891-11-75

Cite this article as: Fekete et al.: Effect of folate intake on health
outcomes in pregnancy: a systematic review and meta-analysis on birth
weight, placental weight and length of gestation. Nutrition Journal 2012
11:75.

Page 8 of 8

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

e Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Data collection and extraction
	Assessment of internal validity of included studies
	Data synthesis

	Results
	Study inclusion
	Birth weight
	Placental weight
	Length of gestation

	Discussion
	Conclusion
	Competing interest
	Authors´ contributions
	Source of funding
	Acknowledgements
	Author details
	References

