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Abstract

Objective Neural tube defects (NTDs), well-known consequences of folate deficiency, are the second most com-
mon cause of serious birth defects, affecting approximately one in a thousand pregnancies in Europe. Maternal folate
deficiency before conception and during early pregnancy has been suggested as the most important preventable risk
factor for NTDs; thus women should be supplemented before conception with 0.4 mg of folic acid (FA) until the first
trimester of gestation. Findings have described a positive association between elevated Body Mass Index (BMI)

and birth defect risk; data on plasma folate levels in pregnant women with obesity have shown values lower than rec-
ommended because of a state of chronic low-grade inflammation, resulting in increased metabolic demands. Nowa-
days, disparities exist regarding the recommended dose of FA in women at risk, including women of childbearing age
with excessive weight. Therefore, this systematic review aimed to investigate if European childbearing age/pregnant
women with overweight/obesity are supplemented according to the current country-specific FA recommendations
and whether the dosage of 5 mg recommended for pregnant women with obesity is effective in preventing NTDs.

Methods The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were fol-
lowed. An electronic database search of manuscripts was carried out in Web of Sciences, PubMed and Medline. The
quality of the included studies was assessed by using the Quality Assessment for Diverse Studies statement.

Results Out of 1718 records identified, 8 manuscripts met all the inclusion criteria. Overall, the results showed
that pregnant women with obesity adherent to FA recommendations ranged between 4% and 9.5%. Furthermore,
the majority (61%) started the supplementation after conception, highlighting that European pregnant women are
not particularly adherent to recommendations during the period of greatest need.

Conclusions The scarce adherence to the current guidelines shows an urgent need to standardize the recommenda-
tions across European countries. Particularly, women of childbearing age with excess weight should be monitored
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teract the occurrence of NTDs.

Supplementation

Plain English Summary

assessing serum folate, RBC folate, and homocysteine levels developing tailored supplementation protocols, to coun-

Keywords Neural tube defects, Folic acid, Childbearing age, Pregnancy, Women with excessive weight,

Neural tube defects (NTDs) are severe congenital abnormalities connected to maternal folate deficiency. Cur-
rent international guidelines recommend a daily supplementation of 0.4 mg of folic acid (FA) starting before con-
ception and during the first trimester of pregnancy, to prevent NTDs.

Women with excessive weight need higher folic acid doses due to their altered metabolic demands. Women
with obesity encounter a greater risk of NTDs, as they often have lower plasma folate levels. This deficiency may
result from chronic low-grade inflammation and increased nutrient requirements. For these vulnerable women,
a higher dose of 5 mg of FA is recommended by the World Health Organization guidelines.

However, only 4—9.5% of pregnant women with obesity adhere to FA supplementation recommendations, tak-
ing FA supplementation after conception, and missing the critical preconception period necessary for effective
NTDs prevention.

There is an urgent need to standardize FA supplementation recommendations across European countries
and to monitor the folate status of women with excess weight. This will help develop personalized supplementa-

tion strategies aimed at effectively reducing the risk of NTDs.

Introduction

Neural tube defects (NTDs), are the second most com-
mon cause of serious congenital disorders and affect
0.2 —10 per 1000 established pregnancies worldwide,
including about 1 in 1000 pregnancies in Europe [1, 2].
NTDs result from a failure of the neural tube to close
properly within 4 weeks following conception. There
are different types of NTDs, among which spina bifida,
anencephaly, and encephalocele, are the most preva-
lent forms, while iniencephaly and craniorachischisis,
are considered rare. The clinical characteristics and
outcomes differ depending on the type of NTD [3].
In recent decades, maternal folate deficiency before
conception and during early pregnancy has been sug-
gested as the most preventable risk factor for NTDs. As
reported by the World Health Organization (WHO),
Red Blood Cell (RBC) folate concentrations should be
above 400 ng/mL (906 nmol/L) in women of reproduc-
tive age to achieve the greatest reduction in NTDs [4].
Thus, women should i) supplement with 0.4 mg of folic
acid (FA) before conception until the first trimester of
pregnancy, ii) regularly include foods naturally rich in
folate into their diet (e.g. leafy green vegetables such
as spinach, asparagus, beets, broccoli, and artichokes),
iii) consume fortified foods [5-7]. Indeed, mandatory
fortification of staple foods, such as wheat flour, maize
flour, and rice with folic acid, has become an important
public health strategy for the primary prevention of
NTDs. This safe and cost-effective initiative is currently

implemented in nearly 60 countries worldwide and has
successfully prevented a substantial number of NTD
cases [3].

Data reveal that folate deficiency (defined
as<7 nmol/L) [8] is rare (0-5%) in developed coun-
tries; however, insufficient levels of folate (defined
as<25.5 nmol/L) [8] are more common (40-50%), sug-
gesting a higher risk of NTDs even though folate stor-
age may be adequate [9]. To date, despite the WHO’s
recommendation to start FA supplementation during
childbearing age, many women begin later, often during
the first trimester of pregnancy, which reduces its protec-
tive effect [10]. In this regard, existing literature reports a
notable prevalence of unplanned pregnancies, potentially
leading to delays in supplementation [11, 12].

Concurrently, the rising incidence of overweight and
obesity among adolescents, particularly during the child-
bearing years, become one of the most significant chal-
lenges in obstetric care, due to its potential implications
for maternal and fetal health [13]. Notably, in Europe,
the prevalence of pre-pregnancy overweight and obe-
sity ranges between 26.8% and 54.0% [14]. Research has
indicated markedly decreased plasma folate levels in
pregnant women with obesity, showing much lower val-
ues than those recommended, exposing them to higher
risks of developing NTDs [15, 16]. Specifically, the litera-
ture indicates that during the first trimester, women with
excessive weight exhibit lower serum folate levels when
compared to those of normal weight (B=-2.3, p<0.01),
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showing an association with a higher likelihood of folate
deficiency (OR=2.0, p<0.01) [17].

Findings from a recent meta-analysis registered a
positive association between women with excessive pre-
gravid Body Mass Index (BMI) and congenital abnormal-
ities such as spina bifida and other NTDs when compared
to those with normal pre-gravid BMI [18].

Women with obesity may have a lower folate level
caused by a state of chronic low-grade inflammation,
which results in an increased metabolic requirement
[19]. This phenomenon could be explained by what is
commonly defined as the "obesity paradox” [20]. Accord-
ing to this theory, individuals with excessive weight
exhibit higher activity of the enzyme cytochrome P450
(CYP) 2E1, which can use FA as a substrate [21]. Indeed,
women with overweight or obesity have been found to
have higher levels of plasma folate oxidation products
(specifically, 5-methyltetrahydrofolate oxidation product;
MeFox) compared to those without obesity [19]. Overall,
current global guidelines agree that women with a history
of NTDs should take a higher dose of folic acid (5 mg)
[5]. Although the same dosage is also recommended for
women of childbearing age who are planning for preg-
nancy and pregnant women with obesity, the supporting
scientific evidence remains limited [22, 23]. Therefore,
further research and systematic reviews are essential to
enable clinicians to provide an appropriate dosage.

Furthermore, because NTDs and obesity continue
to have a significant health and economic impact at the
European level, it is crucial to identify women at risk, to
develop tailored recommendations and specific guide-
lines for FA supplementation and NTDs prevention.
Considering the substantial evidence highlighting the
benefits of folate fortification, this strategy should be
considered alongside supplementation to achieve equita-
ble primary prevention of NTDs globally.

Based on these considerations, the main research ques-
tion of the present systematic review aimed at investigat-
ing if European childbearing age/pregnant women with
overweight/obesity are supplemented according to the
current country-specific FA recommendations.

Additionally, the authors will examine whether the
dosage of 5 mg recommended for pregnant women with
obesity is effective in preventing NTDs. The potential
role of folate food fortification, when addressed in the
studies included, will also be discussed.

Methods

The present systematic review has been registered in the
PROSPERO International prospective register of system-
atic reviews (www.crd.york.ac.uk/PROSPERO; register
no. CRD42024469780), and has been reported following
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the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [24].

Search strategy

A systematic literature review was initially performed
in October 2023, then repeated in December 2023, and
finally in February 2024. PubMed (http://www.ncbi.
nlm.nih.gov/pubmed), and Web of Science have been
searched, without time range restriction. A literature
search was performed using structured search strings
considering the following combined search terms for
pregnancy and childbearing age, weight status, and FA
supplementation. Therefore, “pregnan*” OR “gestation*”
OR “preconception” OR “peri-conception” OR “prepreg-
nancy” OR “pre-pregnancy” OR “childbearing” combined
to “obes*” OR “overweight” OR “body mass index” OR
“BMLI’, as well as “folic acid” OR “folin*” OR “vitamin B9”
OR “folat*”. A search sample has been added in the Addi-
tional File section (Additional file 1): “Query used for the
search in the different databases”.

Types of studies

Studies referred to humans were considered. Clini-
cal Study, Clinical Trial, Clinical Trial, Phase IV, Clini-
cal Trial Protocol, Clinical Trial, Phase I, Clinical Trial,
Phase II, Clinical Trial, Phase III, Comparative Study,
Controlled Clinical Trial, Multicenter Study, Observa-
tional Study, Randomized Controlled Trial in English lan-
guage investigating both childbearing/pregnant women
with overweight/obesity related to FA supplementation
and completed in European countries were included.
Research articles have considered referring to European
women of childbearing age/European pregnant women
with overweight and obesity as one of the populations at
greater risk of giving birth to newborns with NTDs.

Types of participants

Eligible participants were women of childbearing age or
pregnant (age range > 18 years) with overweight or obe-
sity defined by the WHO (overweight, 25.0-29.9; grade 1
obesity, 30.0-34.9; grade 2 obesity, 35.0-39.9; and grade
3 obesity, >40.0.) [25].

Outcome

The present systematic review aimed to explore if
women of childbearing age/pregnant women with
overweight/obesity across European countries supple-
ment with FA according to the recommendations. Since
childbearing age/pregnant women with obesity require
a higher dosage of FA, the secondary objective of our
systematic review was to determine whether the cur-
rent recommended dosage is adequate to achieve blood
folate levels within the reference range. Finally, the
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authors evaluated whether the higher FA dose (5 mg)
recommended for pregnant women with obesity, is
effective in preventing NTDs in the offspring.

Inclusion and exclusion criteria

The inclusion criteria for exposed women were:
aged >18 vyears; not diagnosed with type 2 Diabetes
Mellitus (T2DM) and diseases related to malabsorption
(e.g. celiac disease; Inflammatory Bowel Disease (IBD);
bariatric surgery); no alcohol abuse; no enzyme defects
related to folate metabolism (MTHFR mutation).

The exclusion criteria were as follows: aged < 18 years;
diagnosed with T2DM and diseases related to malab-
sorption (e.g. celiac disease; IBD; bariatric surgery);
alcohol abuse; defects of enzymes related to folate
metabolism.

Study selection, data collection, and extraction

The flowchart of the study selection process is presented
in Fig. 1, according to the PRISMA guidelines [24]. Three
coauthors (FL, FS, and IB) determined whether the stud-
ies met the criteria previously established by undertaking
the initial duplicates, title screening, and abstract review
independently. In brief, after applying the search filters,
the studies were equally divided among the three coau-
thors for the data extraction. A fourth co-author (DEM)
randomly checked a sample of about 20% of the studies.
Before the inclusion in the manuscript, each full-text
article selected for retrieval has been reviewed indepen-
dently by the three coauthors, checking the eligibility.
Any difference in the selection process has been deter-
mined by discussion. Whenever there is no full consen-
sus, a fourth co-author has been consulted. The three
co-authors independently extracted relevant information
from all the included studies on an Office Excel data-
sheet, as follows: i) authors and publication year; ii) type
of the study; iv) country; v) sample size; vi) characteris-
tics of participants (e.g. age, childbearing age or pregnant,
demographic and socioeconomic characteristics, BMI
expressed as Kg/m?% vii) outcome assessment (FA sup-
plementation evaluation—expressed as Y/N — related
to BML; FA supplementation dosage—expressed as mg/
die—related to BMI; blood folate levels — expressed as
ng/mL — related to BMI); viii) timing of supplementation
(preconceptionally/during the first trimester); ix) pro-
tocol of supplementation (type of supplementation e.g.
exclusively FA, multi-vitamins supplementation, formu-
lation of supplement, frequency of supplementation); x)
summary of findings; xi) European country-specific FA
policy fortification. Whenever there was no consensus, a
fourth co-author was consulted.
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Data synthesis

Data extracted from this systematic research are pre-
sented as a summary of findings and the quality assess-
ment of the eligible studies are shown in Tables 1 and 2.

Moreover, the extracted data are summarized accord-
ing to the following columns: i) authors; ii) type of the
study; iv) country; vi) characteristics of participants
(e.g. age, childbearing age or pregnancy, demographic
and socioeconomic characteristics, BMI expressed as
Kg/m? vii) outcome assessment (FA supplementation
evaluation—expressed as Y/N — related to BMI; FA sup-
plementation dosage—expressed as mg/die—related to
BMI; blood folate levels — expressed as ng/mL — related
to BMI), viii) timing of supplementation (preconception-
ally/during the first trimester); ix) protocol of supple-
mentation (type of supplementation e.g. (exclusively FA,
multi-vitamins supplementation, formulation of supple-
ment, frequency of supplementation); xi) European coun-
try-specific FA policy fortification.

The blood folate levels have been taken into account
about the FA-supplemented dosage, considering differ-
ent classes of BMI (normal weight: 18.5 <BMI < 24.99 kg/
m? overweight: 25.00<BMI<29.99 kg/m% obesity:
BMI > 30.00 kg/m?) and countries.

In general, all continuous variables are reported/con-
verted into means and SDs. Data regarding frequen-
cies will be presented as percentages and the absolute
number.

Study quality assessment

Regarding the quality assessment of the human-included
studies, three co-authors (FL, FS, IB) independently
assessed the quality of each study that met inclusion cri-
teria. Following a discussion, the final score was deter-
mined; any differences were discussed with a fourth
reviewer (DEM).

The authors adopted the criteria for quality appraisal
from the Quality Assessment for Diverse Studies (QuADS)
[26]. QuUADS consists of 16 quality criteria, with 14
applying to qualitative studies, 14 to quantitative studies,
and all 16 to any mixed methods study. Each criterion is
rated on a scale from 0 to 3. The scores have been con-
verted into percentages. No specific score was set as a
cut-off for determining whether a study is of high or low
quality. For instance, the authors then discuss the quality
assessment considering the studies included.

Results

Overview of the studies

Searches from PubMed and Web of Science (WoS)
returned 1718 records: 759 were excluded based on the
applied filters (language, species, study design) (Fig. 1).
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Identification of studies via databases and registers J
) h
Records identified from Pubmed Records removed before screening
§ databases: Duplicate records removed
8 n=703 n=24
= —> Records removed after fiters
€ Records identified from Web of application (Language, Species,
i Science (WoS) databases: Study design)
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——
v
Records screened for Records excluded (n = 824):
title/abstract — | Reason 1: (n =753) not pertinent
n =935 Reason 2: (n = 71) studies conducted
in non-European Countries
Full text artidles excluded (n = 33):
> Reason 1: (n = 4) infertile women
= Reason 2: (n = 17) no folic acid
s v supplementation
5 Full-text articles assessed for Reason 3: (n = 12) normal weight
® eligibility . women
n=111
Reports excluded after contacting
authors for additional data (n = 71):
Reason 1: (n = 7) email not
delivered
Reason 2: (n = 59) no answer
from authors
Reason 3: (n = 5) authors do not
) v
Studies included in the review
n=7
° | Studies included through references
g l of other studies n = 1
2
Studies included in the review
N=8

Fig. 1 Flowchart of the study selection process, based on the PRISMA guidelines



Page 6 of 16

13

Loperfido et al. Reproductive Health (2025) 22

[o€] puejai| ul
9[es uo spealq
|eaWj0YM pue
uMoIq ‘aUYm
150U O 4 ym
UOI1eDY 10}
Klolepuew ayi

[6€]AoueU

-Haud Jo 1152wy
151y ay1 ybnouyy
paNUIIUOD pue
uondasuod alojaq
UXe1 3 p|noys
/4 Jo abesop
Burgayl -
(SALN) s¥294ep
agn1 [einau jo
%Sl 8y} 9dnpal 01

pioe 1|04 Jo bul G Jo jueubaud
asop Jaybiy e 219m A343 N0
POPUSWIWIODDN  PUNO) USYM Y4

21e A11S3G0 YM PIdUSWIWOD
USWOM - (661 =U)%L9 -

uondanuod a10jaq ‘uondsouod 0y

(82=\) %8'cC
W/ 0€ <IWg -
(1LL=v)

%8'EE W

/61 0€>1Ng > ST -
(SeL=u)
%' Lt :TW

SPUSWIUIOD3I SH499M 7 [Jold SH2am 7| <4 snieis /6% 7> NG > S8l
44V4DN UL 15e9] 1B 10§ '$92IN0S PaOUWIUIOD A1S9G0 YHm AYsaq0 J19Y1 UO -
‘[se]anoy Ateoip apisbuoje (001 =U) %5 0€ - Uswiom g/ S0P paseq ‘uswiom F=u) %'l
1e9yMm Jo uon ‘Allep p1de 21104 JO0  ‘uondadUOd 01 2Y1 JO INO (%/9) -ybiy se 1ueubaid buowe:zw/by §g1 > |ING -
-edy1140) K101 61 00t 3e1 pjnoysioud syam 7| >4 Zc=ubwg- pw G- uoneuswsalddns :uoleissb Apnig
-BpUBIA puRjal]| obe buleaq pasusWWod (9%6'59) 9Lz=u 4 Jo pioe 21|04 jo Sfeem gl sie uoyod 8l [67] e 1
UJayuoN BU  -P|IYD JO UBWOM-  (66=U) %C0E - 4 Bw 70 - eu bw 40 - N A 9SN 9Y1 SS9SSe O] UsWoMm Jueubald gze=u  puejps]  -dadsoid [2un
[8E](SALN) s12940p
90N [eNau Jo
S JI9Y) Jamoj 0}
uondaduod Jo
[9€] puejai) ut swih 3y} punoie (%1'81)90L=u
3|es Uo speaiq v4 (Bw G) asop 7W/BY 0€ <ING -
[ESWS|jOym pue -Ubiy el pjnoys (9%£'60)
UMOIQ ‘aUYyM A1USS00 Yum l/L=u:zW
1S0W JO 4 Yim usawom 1eyy 1sab /B3 0€ > IWg> ST -
uonedynioj -bns saulepinb (967 =)
Klolepuew ay} [euoneulau| - puejalj ul ey %08 ‘W
SPUSWILLIODaI ‘[g€]s|owu -idsoy Ayuiaiew /6% Gz > Wg> 68l
44v4DN 9yL 906 40 [9A9] 40d abue| e e B1ed -
‘[G€] noy 19b1e) 341 Yoras 0} UOIAIDUOD 1504 - (GL=u) ENelo] |eIeUDIUR BUIY3S (LL=U)%6'L
1e9YM Jo uon papasu siuon  Ajjeuondsduod (Auseqo yum -ybiy se uswom buowe:zw/By G > |ING -
-eoy1Joy K10} -eyuawalddns (v4) -aud Y@M 7| <- Wyl o 7) bwi G - Bw G- uopeuawald :19159W Apnis
-“EpUB -pUE|al| pioe 2104 bui 00t 40 ‘Ale (6v5=U) ‘440 -dns ppe -U3asiL ayi Ul 1oyod aAn [87] (e ie
UJaYLIoN eu S9aM 7| - -uondadsuodald- v4 bw 0 - eu bw 40 - N A Dl|ojdsAleue o Uswomueubald /8S=u  puepi]  -dadsold  Asmed)
N/A
(a1geyreae INg 03 pajejal |020304d (bw) 8)yeur  N/Auonenjead
o104 J1) |9A97 UolepUBWIWO0d3Y uonejuswsajddns uonejusawajddns uoneyusws|ddns sbesop  ajejoj uonejusawajddns Apmis syuedpdnied azis ubisaq
uopesynioj  poojg siejoq vd 0 bujwn vy V4 V4 v4 fieaig V4 oy jo wy Apmg ajdwes Anuno) Apnmis sioyiny

MB3IARI D11BUIRISAS 91 Ul PaPN|DUI pUB BLIS1LID UOISN|DXS PUR UOISN|DUL 343 01 BUIpIOdDe Pa1daas salpnis ayi Jo uondudsaq L ajqel



Page 7 of 16

13

Loperfido et al. Reproductive Health (2025) 22

(£°9) Tw/Bow

90l :(5z=u) W

/6% 57> INg Yum

USWIOM -

(@7) Tw/Bow

6'€:(ST=u) W

/6% 0 <INg Yum

USWIOAA -

@s)qu

[£€] 920z /Bow) ‘(42Mm 87)
21| Aq noy  Adueubaud 2187
1eaYM [BBW (£77) Tw/Bow
-90ym-Uou Jo Gl (SC=U) ‘TW
uonesy1oy /By 5z > INg Yum

1ybram jew
-Iou Jo asouy) pue

V4 Sa1epuew USWOM - K1IS9C0 21995
(Feoz 19 () Jw/Bow (%) Alan yum
-WAAON 62 :(Gz=U) ‘zW G=Uy4 4o buwl G- USWOM U39M}3Q
DADRYR) /B3 O < IING YHM (uoney (9%96) 6L =U Adueubaid bu
uole|siba) maN USWOM - -59b JO $y9aM 87) v4 Bw 70 - ENelo] -INp s|an9)
93] @s)qu Aoueubaid sy~ igw/By OF <IWg -ybuy se Aunnoe (e €6=u
Inoy 1eaym Jo/Boul) ‘(4aam 91) ‘(uoner z=u'y4Jo bw G- Bw G- -I1sAyd pue zw/By 57> |INg - Apnis jon [L¢]e1e
UOIIeDYIIO)  SIUSWINSEaW -s9b Jo syaaM 9) $8=U ‘4 Bw 0 - v4 Jo suqgey Aleidlp 8yl=U -U02-35ed "N INYS
Kioiepuely  Adueubaid Ajieg eu Aoueubaid Ape3-  zw/By 57 >1Ng eu bw 0 - A A aledwod o] zw/By Or<|ANg- LyZ=U MN 9Anoadsold  -pyow
uoneuswa|ddns Apnis 1oy1d
|0)ISOU| PaAIad3) u ‘leuy [esup
oym uswom Ul /By o€ > INg> ST - pa)|0J1u0d
Adoueubaud Jo Adoueubeud Jo ogaoed
191S3WI PUO  Y99M YipZ pue ‘pulq
VN :(dnoib -29s 9y buunp €1 UdaMmIag -a|gnop
[5¢€] Ad1j0d Aoueubaid Jo  jonuod) pz=u-  Aleg—(N4dw) (pauopUaW Jou si912weled UaWoMm Jueu elssny ‘Paziwo
uoedY1Io) 399M YlZ pue Bpw '0:(dnoib  Juswelddngjo  y4 4o uondaduodaid) |eDIWRYDO0IG -6aud Ayyjeay ‘929219 -pues [og] @19
pooJ [ePLyo ON eu eu € UPIMI9g  paleal)) y7=U- uopnenwiio{ buw 0 - N N 559558 O] snosediun - gy=u ‘Ale1]'2A1122d501d Y ISeA[RA
N/A
(31qe|ieae N9 01 paiejal |0>0304d (Bw) 3)ewur N/Auonenjead
£o1104 J1) |9A97 UolepUBWWO0D3Y uoiejuswsalddns uonejuswajddns uonejusws|ddns sbesop  ajejoj uonejusawsjddns Apms syuednied azis ubisaqg
uonedynio4  poojg 3iejod V4 0 butwn vy V4 V4 v4 Aejaig V4 3y3 jo wiry Apmg ajdwes Anunod Apmis sioyiny

(PanuNUOd) | 3jqey



Page 8 of 16

13

Loperfido et al. Reproductive Health (2025) 22

Kep e 1YBISMISAO YiM
92IM1 4 JO Bl 70 USWOM Ul uoi
:PAAIRDR -NQLIASIP J91eM |eu] sl
KISAI|SP Jo)e dnoib ogade|d - Apoq pue sa1el p3]|0U0D
SHIIM € [un ‘Aep e 221M) WQdD uo uon ogaded
paise| usw Kep e 221M1 4 JO B 70+ (01 -ejuswis|ddns ‘lagen
[5€] Ad110d -1eanayl 4 4o bw 7:0 yum -Isoul-oAw 6 7 (PRUORUAW 10U [0XSOUI-0AW JO -uadQ pue
uonesynioj uoneisab Jo pajuswis|d panledal v4Jo uondasuodaid) S10349 a1 w paziwo [pg] |e1s
poOoJ [eIDYJO ON eu eu oM Yigl-yizl -dnsezz=u  dnoibpaleal) - Bw N N aujwexa o] /by g >IWg>G7- €CC=u Ay -puey 'S 9elUA
Kep e USWIOM 1ybBrom
92IM1 /4 JO bw 70 -19A0 Ul (INOD)
HEINEREY] SN|jaW Sa1aqelp
dnoib ogadeld - |euonelsab Jo
‘Aep e 221m) 91eJ 3y} adnpal
Aep e @dIM1 4 JO Bw 70 +[01 ued uonesw leu|.
[5€] Ad1j0d V4 Jo Bl 70 yum -1Soul-0AW 6 ¢ -9|ddns joysoul p3]|0U0D [e€]
uo1edY.Io) uonelssb Jo pajuawsa|d HOETNERETRVA N Lo} (PaUOIUBWI J0U  -OAU JYIDYM w paZIWO'|e 19 'Y Bl
pooj [ePLyo ON eu eU YoM YIEL-YiZ L -dnsozz=u  dnoibpereall - Bw 0 N uondasuodaid) N ssasse 0] /By 0e>IWNg>ST- 0Cz=u Ajey| -puey -ewelues
(ov]
19159WINY 151y DU JO
pua ay [hun Ajiep
pioe 210§ Jo bui  Jo
950p JaybdIy e ey
[z€] 90T pinoys yueubaid
a1e| Ag Inoy Apeaije aJe 10 Jueu
1e3YM [eaW -baid sw033q 0} (969€) S213511910RIBYD
-39|o0ym-uou Jo Buiuueld aie PZ=U"y4 Bw 0 oiydeiboulsp
UoI1edY 10} oym A1Saqo yum (WdD Yum 7 1/9) 1ueAajaI bulapls
V4 sa1epuew UsSuIOM Jeys Bbw #'0+bw g -uod ‘YN ay1 ul
20z 129 S9SIAPE 'D0ODY 9y - Juawia|ddns A1S990 yum
-W3AON ‘[07] uoneisab jJo UBWOM 7 =U - USWIOM JUBU
EINABETIE)] SY9aM 7| |un (N@D Yyaim -6a1d buowe uopnelssb Jo
uolesIba| maN uondasuod S/0) V440 bw § 950p (91P|0J ' UIWIBLIASYS9M 17| PUB 7| 1@
[s€] -aid woyy Ajlep poe Juswis|ddns -ybiy se ‘QUIPOI) SIUD  ‘zW/BY O > pue
INoy 1eaym Jo 21104 40 Bl 00F Yum USWOM G=U - Bw G- -anuonIW zw/by g 2 NG B Apnis [euon 43|
UOI1edY11I0} 1uswalddns (%97) 4 Jo LE NV TN :A1S9g0 Yum -BAJ9SQO  [R19 7Y
Klo1epuely eU  PINOYS USWO - 19159WIIIS| /| =U "y4 Jo bl sAoueubaid uyupn - B 0 - A A SUIWEX2 0] USWOM Jueubald 99=u MN 9A0adsold  ulaypay
N/A
(319e|ieae 1Ng 01 pajeja4 Jocojoud  (Bw) ayejul  N/A uonenjeas
£o1j0d J1) [9A97 UonepusWWOoday uonejusws|ddns uonejusws|ddns uoneyuswsjddns abesop  a1ejojuoneyuswajddns Apmis syueddinied azis ubisag
uonedynioy  poojg sjejog4 \Z| 0 Butwn v4 v4 v4 v4 fiesLig V4 ay3 jo wry Apms ajdwes Anunop Apms sioyiny

(Panuiuod) L 3|qel



Page 9 of 16

13

Loperfido et al. Reproductive Health (2025) 22

uo[3edY13104 POO4 PIdY 21|04 10} 991HWIWIOD) [eUOIEN 44Y4DN ‘d|qediidde jou :eu xapu ssely Apog :|INg

'535160]029UAD pue sueIdIIRISQ Jo 363]|0D) puejeaz MaN pue ueljesisny [eAoy :DOIZNVY ‘S1s160j0d2eUAD pue sueldLIRISqQ 40 96310 [eAoy :DODY ‘SNY|ISIN S919geI [euOolIRISID JNAD 931e|04 [[9D PRy DY ‘PIdY 2104 4
(91qed1idde j1) (Tw/bow) [9A9] poo|q 18|04 URY) JY10 BIep Sniels Jybiamiapun pue 3ybrom

|ewou ay3 pajiodas os|e sioyiny ‘pide d1joy Jo (bw §) J1aybiy Jo (Bw Q) jewou yum pajyuswa|ddns aie 3eyy 11970 10 1YyBIaMISA0 yim uswom Jueubald jo Jaquinu anjosge pue abejuadiad se pajuasaid aie ejeq

[9€] puejai| ul
]S UO speaiq (81'o=d)
[eaWsjOym pue (£'94v AS)
umoiq ‘s1ym - 1/jowu 8L L
1SOW JO W4 Yum :gw/BY 0€ <INgG - (94=U) %06
UonedYRIo) (S€1¥ as) (Ajonoadsonal) gw/By 0 <INgG - S|PA9l zLg Ul
Alo1epuBW dY11/|0WU 8'6€ | :7W Ajiep bw g jo  Adueubaid-aid - 24 JO Bw 0 -e)IA ewseld pue
spuswiwiodar /By 0’57 >IN - 9S0p e 3siApe (Sfeam L'zl (6L=U) %L, cW 91e|0j Dgy pue
44v4ON 3y L :$31J0631eD  USWIOM 3530 4O} :MSIAISIY ) JUSW /By G > INg > S8l wnJiass pue
‘[ge] oy [N U99M13( SUOIBPUSWIWIODRI -||o1ua e - - asop Aoueubaid /6=U
1e3YM JO UOI} 21e|0) DFY JO SaN [eylaulapin uon (8=U) %56 b1y se Apea ul g Jeu izw/By 0€ <IINg -
-eDY11J0) K10} -[eA UBSW Sy} Ul ysuj pue  -eyuswaiddns vy zw/By 0€ <|NG - Bw g - -191eW U99MIq 697 =U:zW Apnis [euon Vad
-BPUEBJ :pUB|2J| 9DUJYIP [D1Sh [L1#]90DZNVY J19y1 1noge payse (bw g) 4 Jo uonenosse ayl /B Sz >INg > 58l -eAJ9SQO  e19°3
UJDYHION -B1S OU SeM 219y | ‘[6€]1 DODY YL 2J9M USWOAA /4 JO 350p JaybIH eu bw - A A 21ebnsanul o - 96p=U  pue|al| 2Andadsold A3|leN,0
N/A
(31qe|ieae 1N g 01 paiejal |0>0304d (Bw) 3)Yeyur  N/Auonenjead
£o110d 1) [9A97 UonepusWWOod3Y uonejusaws|ddns uonejusws|ddns uoneyuswalddns abesop  ajejojuoneyuswsjddns Apnis syueddiyied ozl ubisag
uonedynioy  poojg slejo4 \Z| 0 Butwn v4 v4 v4 v4 fiesLig V4 ay3 jo wry Apms ajdwes Anunod Apnis sioyiny

(panunuod) | sjqer



Loperfido et al. Reproductive Health (2025) 22:13

Table 2 Quality assessment
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Items

Cawley et al.

[28]

Linell et al.
[29]

Malvasi et al.
[30]

Nor Moh-d-
Shukri et al.
[31]

RedfernK et al.
[32]

Santamaria
etal.[33]

Vitale S et al.
[34]

O’Malley et al.
[27]

1. Theoretical
or conceptual
underpinning
to the research

2. Statement
of research aim/s

3. Clear descrip-
tion of research
setting and target
population

4.The study
design is
appropriate

to address

the stated
research aim/s

5. Appropri-

ate sampling

to address

the research aim/s

6. Rationale
for choice of data
collection tool/s

7.The format
and content

of data collection
tool is appropri-
ate to address
the stated
research aim/s

8. Description
of data collection
procedure

9. Recruitment
data provided

10. Justifica-
tion for analytic
method selected

11.The method
of analysis

was appropri-

ate to answer

the research aim/s

12. Evidence

that the research
stakeholders have
been considered
in research design
or conduct

13. Strengths
and limitations
critically discussed

Total score

(sumand % of 13
items’score)

3

3

34
(80,90%)

31
(73,80%)

32
(76,20%)

2

28
(66,60%)

34
(80,90%)

33
(78,50%)

26
(66,66%)

35
(83,30%)

The study quality for the eligible studies is presented. A value of between 0 and 3 was assigned to each item
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Duplicates (n=24) were removed. Thus, 824 studies
were excluded as their titles/abstracts were not relevant,
and 111 studies were assessed for eligibility and full-text
screening. Of these, 33 studies were excluded since they
did not meet the inclusion criteria, and 71 studies were
excluded after contacting the corresponding authors to
obtain the datasets and extrapolate the required addi-
tional data. Moreover, one other study was selected dur-
ing the full-text screening since it reported outcomes
of relevant interest [27]. In total, 8 studies [27-34] were
included in this systematic review. Overall, the studies
were conducted in Ireland, Italy, the United Kingdom,
Greece, and Russia. Data extracted from this systematic
research, including those related to food fortification pol-
icies [35—37], are summarized in Table 1.

Overview of the study quality

The assessment of the study’s quality for the eligible stud-
ies in this systematic review is presented in Table 2. Out
of the total studies, the majority (n=6) [27-30, 32, 33]
achieved a total score higher than 70%; the others (n=2)
scored slightly lower, with a percentage above 66% [31,
34].

Characteristics of studies included in the systematic review
The 8 included studies in this systematic review [27-34]
are summarized below. All the studies take into account
pregnant women with excessive weight and consider
FA supplementation in the preconception period and/
or during pregnancy. Considering BMI, the studies
focused on women with both overweight and/or obe-
sity based on WHO classification (BMI>25.0 kg/m*
overweight; BMI>30.0 kg/m?% obesity) [43]. As far as
studies included in this review, three of them involved
women who were taking FA supplements preconception-
ally [28, 29], while the rest focused on FA supplementa-
tion starting from the 1st trimester [27, 30—34]. Briefly,
Cawley and colleagues [28] conducted a prospective
cohort study to assess the impact of FA supplementation
in n=587 pregnant women. Questionnaires were used to
gather information on FA supplementation during either
pre- and periconceptional periods, including details on
dosage and specific brand names of the supplements.
The authors stratified the population according to BMI,
reporting 29.3% (n=171) women with overweight and
18.1% (n=106) with obesity. Approximately 75% of the
participants did not meet FA supplementation recom-
mendations, which increased the risk of having low Red
Cell Folate (RCF) levels. Specifically, only 5.7% (n=6)
of women with obesity were taking the recommended
higher dosage of FA (5 mg). Similarly, in their prospec-
tive cohort study, Linell et al. [29], stated that out of
n=78 women with a BMI>30.0 kg/m? only 6.7% were
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supplemented with the recommended higher dosage of
FA (p=<0,001). Furthermore, data revealed that 61%
(n=199) of women started FA supplementation upon
becoming aware of their pregnancy, which increased the
risk of NTDs in the offspring. These findings are consist-
ent with the results of a case—control study conducted by
Mohd-Shukri et al. [31] which examined the role of die-
tary habits and physical activity in a sample of pregnant
women with severe obesity (BMI>40 kg/m?) compared
to the control group. Notably, only 31% of the former
started taking FA supplementations before conception.
The study also encompassed the assessment of serum
folate levels at 16 weeks (early pregnancy) and 28 weeks
(late pregnancy) of gestation in a subset of both groups
(n=25). Results revealed that at the 28th week, women
with severe obesity exhibited an average serum folate
level of 3.9 ng/mL (+2.8 SD), while the control group
registered 10.6 ng/mL (+5.7 SD) (p<0.0001). In this con-
text, the authors highlighted that pregnant woman with
obesity exhibited significantly lower circulating folate
levels compared to the control group, with early preg-
nancy (16 weeks) levels averaging 7.9 ng/mL (+ 4.2 SD) in
women with obesity, versus 15.0 ng/mL (+2.7 SD) in the
control group. Noteworthy, 96% of women with obesity
supplemented with 0.4 mg of FA, and did not adhere to
the recommendations. While 2% (n=5) of them did not
supplement either before or during pregnancy. Focusing
on pregnant women with obesity, Redfern et al.[32], in
a cohort of English women, recorded differences in the
FA dosage. Out of the 66 recruited women, 26% (n=17)
took 5 mg of FA during the first trimester; n=12 of these
added an extra dose of 0.4 mg. The remaining 36% did
not adhere to the recommendations and only supple-
mented with 0.4 mg. Out of 24 women who were not tak-
ing FA by the end of the first trimester, only one achieved
the Recommended Nutritional Intake (RNI) of 300 ug
of folate through diet. Notably, the study did not assess
serum folate levels. In contrast, the prospective-observa-
tional study by O’Malley et al. [27], aimed to analyze the
association between maternal BMI in early pregnancy
and serum folate levels, considering both dietary intake
and FA supplementation protocol. Among the 84 women
with obesity who were aware of the supplemented dos-
age of FA, only 9,5% (n=38) reported taking 5.0 mg, as
recommended. These data were consistent with serum
folate levels being lower in women with BMI > 30 kg/m?
compared to the control group (9.23 ng/mL vs 10.44 ng/
mL, P=0.02). However, no significant difference was
observed in the mean RCF between the two groups.

Two randomized controlled trials (RCT) were included
in this systematic review [30, 33]. Their objective was to
evaluate the effectiveness of a supplement containing
Myo-inositol (4 g/day) and FA (0.4 mg/day) in preventing
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gestational diabetes compared to the placebo group,
which received only 0.4 mg of FA per day. Both stud-
ies involved overweight pregnant women who started
the supplementation protocol at 12—-13 weeks of gesta-
tion. Overall, the studies demonstrated that the group of
women undergoing treatment with Myo-inositol and FA
exhibited improved lipid (cholesterol, p=0.0001; LDL,
p=0.0001; HDL, p=0.047; TG, p=0.0001) and glycemic
profiles (glycemia, p=0.019) compared with the control
group [30]. Furthermore, a reduction in the incidence of
GDM was recognised within the same group (11.6% ver-
sus 27.4%, respectively, p=0.004) [33].

Discussion

Although a decline in the prevalence of NTDs was
observed between 2001 and 2015, the prevailing data
remains alarming, counting two cases per 1000 births,
amounting to an estimated 214.000-322.000 affected
pregnancies worldwide annually [3]. Furthermore, while
historically NTDs were predominant in low-income
countries, nowadays their occurrence increased in high-
middle-income countries, notably in Europe. From 1998
to 2017, an estimated 95.213 NTD-affected pregnancies
were recorded among 104 million births across 28 coun-
tries in the European Union, reflecting a prevalence rate
of 0.92 per 1.000 births [44].

Studies reported an association between maternal high
BMI (>30 kg/m?) and the severity of NTDs, identifying
this population as more vulnerable [45]. Indeed, women
with excessive weight exhibit lower folate levels due to
several factors, such as chronic low-grade inflammation,
poor-quality diet adherence, and non-compliance to sup-
plementation recommendations [46]. Moreover, reduced
intake of FA is often attributed to unplanned pregnancies
and ineffective contraceptive methods [47]. For these rea-
sons, scientific literature related to FA supplementation
in women of childbearing age with excessive weight has
been systematically reviewed. Studies conducted in Euro-
pean countries were evaluated to assess FA supplemen-
tation practices. Although this review primarily focuses
on FA supplementation, the contribution of folate forti-
fication in staple foods as an additional preventive strat-
egy for NTDs is also recognized and discussed, due to its
demonstrated effectiveness in reducing folate deficiency
at the population level.

As shown in Table 2, most of the studies included were
of good quality showing a percentage higher than 66%
according to the QUADs criteria.

Overall, most of the studies analyzed in this review
reported a high number of women non-compliant with
the FA recommendations during the periconceptional
period [27-29, 31, 32, 34]. In particular, the study con-
ducted by Cawley and colleagues exhibits that only 5.7%
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(n=6) of pregnant women with obesity were taking the
recommended higher dosage (5 mg) of FA supplemen-
tation [28]. These data were in line with the results by
Linell et al., showing that only 6.7% of women with obe-
sity were supplemented with the recommended higher
dose, emphasizing the low adherence to FA recommen-
dations in this vulnerable group [29, 48]. Mohd-Shukri
and colleagues [31] also reported lower folate levels in
women with obesity, emphasizing the need for improved
supplementation practices. These results might be due
to inadequate adherence to the FA protocol and chronic
low-grade inflammatory state, typical of obesity [49].
Regarding diet, a poor-quality and unbalanced dietary
pattern can lead to micronutrient deficiencies, includ-
ing vitamin B12 and folate, which are often observed in
individuals with a high BMI [50]. Specifically, folate defi-
ciency can reduce methyl group availability, resulting in
higher homocysteine levels. This condition is known as a
risk factor for different adverse health outcomes, includ-
ing neurological disorders, vascular diseases, and repro-
ductive health [51]. High maternal homocysteine levels
are also associated with pregnancy complications, posing
a threat to the health of the maternal-fetal dyad in the
short and long term [52]. For instance, pregnant women
with obesity have increased risks related to pregnancy,
delivery, and postpartum, such as pregnancy-induced
hypertension and GDM, preeclampsia, and cesarean
section [53]. Still, cardiometabolic and neurodevelop-
ment impairment has been detected in the offspring of
women with obesity, other than higher incidence of large
for gestational age (LGA) babies, perinatal mortality, and
congenital anomalies, including NTDs [54]. The existing
body of literature reveals a paucity of studies delving into
the effect of FA supplementation on NTDs incidence.
Notably, out of the studies included in this systematic
review, only two investigated health outcomes in new-
borns [33, 34]. However, they evaluated anthropometric
measurements at birth, such as weight, height, and head
circumference, as well as the incidence of macrosomia,
without addressing the occurrence of NTDs [33, 34].
Two randomized controlled trials included in the
present review evaluated the efficacy of FA supplemen-
tation combined with Myo-inositol on the incidence
of GDM [33, 34], indicating a positive impact. How-
ever, it was unclear whether the effect was due to one
molecule or both, or their potential synergistic effect.
In the last decades, research has emphasized the role
of inositol in different forms, such as Myo-inositol
and D-chiro-inositol, in improving insulin sensitivity
and related conditions such as diabetes mellitus and
reproductive disorders [55]. One study not included
in this systematic review, revealed that administering
Myo-inositol during the first trimester of pregnancy to
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women with a BMI > 30 kg/m? and pre-gestational dia-
betes, decreased the occurrence of GDM in the treated
group (Myo-inositol 2 g and 200 pg FA twice a day)
compared to the control (200 pg FA twice a day), by
enhancing insulin sensitivity (P =0,001; OR=0,34, 95%
CI: 0,17-0,68) [55]. Conversely, despite being affected
by obesity, women in this study did not adhere to the
recommended higher dosage of 5 mg [56]. Similar to
FA, Myo-inositol has emerged as a contributing factor
in reducing the prevalence of NTDs. Studies in mice
have demonstrated that mothers with significantly
lower blood inositol concentration levels had a 2.6-fold
increased risk of having NTDs affected offspring [57].
Further research is needed to deepen understanding of
the role of inositol in preventing NTDs and its interac-
tion with folate metabolism.

During the study selection process, the authors
recorded that most of the included studies focused on
supplementation practice once pregnancy has already
begun, investigating the pre-gestational FA protocol, ret-
rospectively [27-34]. The authors highlighted the lack
of comprehensive data on women of reproductive age,
despite the well-established importance of raising serum
folate levels before pregnancy. Concerning dietary habits,
Mohd-Shukri et al. [31] reported that pregnant women
with very severe obesity exhibited significantly lower
dietary folate intake; this was also confirmed by Redfern
and colleagues [32]. Notably, these studies referred to dif-
ferent RNI values regarding folate (600 pg/day vs. 300 pg/
day), even though they were both conducted in the UK
[31, 32]. Folate is essential for synthesizing nucleic acids
and amino acids, and it plays a crucial role in cell growth
and differentiation during the periconceptional period
[58]. Daily intakes of 800 pg to 5 mg of folic acid from
supplementations have been linked to an increased risk
of perinatal mortality and cancer development [59].
Therefore, it is crucial to establish precise and consist-
ent guidelines to better provide healthcare professionals
addressing the dietary needs of pregnant women.

This systematic review included studies from European
countries that adhered to a policy of voluntary fortifica-
tion. Mandatory fortification has been implemented in
different non-European countries, such as the USA in
1998, followed by Canada, Israel, Chile, and others. In
Europe, the proposal for mandatory fortification has
been placed forward by the UK and Ireland, which reg-
istered a high incidence of NTDs [60]. Fortification aims
to contrast folate deficiency, particularly in unplanned
pregnancies, without replacing periconceptional supple-
mentation. Notably, fortification in the USA has dem-
onstrated a reduction in NTDs incidence by 25-30%,
approximately 50% of the preventable fraction with folic
acid [61].
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Voluntary fortification is an alternative approach,
where fortified foods are available on the market and
promoted by public and private initiatives. However, this
method requires well-informed citizens and faces chal-
lenges in effectively controlling and monitoring intake
levels over an extended period [62]. Despite the wide-
spread use of dietary supplements, even among non-
fertile women, concerns have been raised about potential
excessive FA intake [63]. However, as noted in the pre-
sent systematic review, European pregnant women are
not particularly adherent to recommendations during the
period of greatest need [27-34]. All the included studies
highlighted the influence of different factors on the poor
adherence of women with obesity to the recommended
higher dose of FA. These include age, level of education,
smoking, alcohol consumption, and pregnancy planning.
Notably, the latter emerges as a pivotal determinant in
compliance with FA supplementation, particularly dur-
ing the preconception period [29]. From the studies
conducted so far, it is not possible to make definitive con-
siderations about the pre-pregnancy period due to insuf-
ficient comprehensive data. There is a need to conduct
longitudinal cohort studies, rather than retrospective
ones, on a larger sample size using validated and targeted
questionnaires, to collect a greater quantity of data that
can be used in clinical practice.

Conclusion

The literature analysis demonstrates that pregnant
women with overweight/obesity frequently do not
adhere to current FA supplementation recommenda-
tions. Furthermore, there is an urgent need to standard-
ize the recommendations across European countries. To
date, the scientific community should: i) conduct higher
quality clinical trials to ascertain if the highest recom-
mended dose (5 mg) is the most suitable and safe for
both women with obesity and their offspring; ii) educate
women of childbearing age, particularly those with exces-
sive weight, on the significance of commencing FA sup-
plementation before pregnancy, as neural tube closure
occurs around the 28th day of gestation; iii) encourage
women of childbearing age with obesity to embrace a
healthy lifestyle and argument the consumption of folate-
rich foods before conception; iv) promote the implemen-
tation of effective food fortification policies with folic
acid through the active engagement of healthcare pro-
viders, to achieve equitable primary prevention of NTDs
across countries.

In conclusion, women of childbearing age with excess
weight should be monitored assessing serum folate, RBC
folate, and homocysteine levels to gain a better under-
standing of one-carbon metabolism and devise tailored
supplementation protocols. These improvements should
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be supported by educational policies involving coopera-
tion among healthcare professionals, medical doctors,
policymakers, and citizens, to enhance awareness among
women of childbearing age about their pivotal role in
supporting health across generations.
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