® [STANBUL

UNIVERSITESI
YAYINEVI

RESEARCH / ARASTIRMA
DOI: 10.26650/IUITFD.2019.0102
ist Tip Fak Derg 2020 / J Ist Faculty Med 2020

COMPARISON OF MATERNAL B12 AND FOLATE STATUS IN
PRENATALLY DIAGNOSED NEURAL TUBE DEFECTS:

A CASE-CONTROL STUDY

PRENATAL FETAL NQRAL TUP DEFEKTI TANISI KONULAN ANNELERDE SERUM B12
VE FOLAT DUZEYLERININ KARSILASTIRILMASI: VAKA-KONTROL CALISMASI

Gircan TURKYILMAZ' @, Gokce Naz KUQUKBASZ
Onur KARAASLAN? @, Hanim Guler SAHIN?

, Emircan ERTURK’

, Sebnem TURKYILMAZ' @,

"Van Education and Research Hospital, Department of Obstetrics and Gynecology, Van, Turkey

2Yuziinel Yil University, Department of Obstetrics and Gynecology, Van, Turkey

ORCID IDs of the authors: G.T. 0000-0002-5514-0233; G.N.K. 0000-0002-2755-3700; E.E. 0000-0003-0169-6903;
S.T. 0000-0002-3984-5663; O.K. 0000-0002-4599-1173; H.G.S. 0000-0002-8596-0734

Cite this article as: Turkyilmaz G, Kucukbas GN, Erturk E, Turkyilmaz S, Karaaslan O, Sahin HG. Comparison of maternal B12 and folate
status in prenatally diagnosed neural tube defects: A case-control study. J Ist Faculty Med 2020;83(4):325-9. doi: 10.26650/IUITFD.2019.0102

ABSTRACT

Objective: To evaluate folate and B12 levels in fetuses who had
been diagnosed with neural tube defects (NTDs) and healthy fe-
tuses in Van Yizinci Yil University and Van State Education and
Research hospitals between March-August 2019.

Material and Method: Thirty-eight pregnant women who
had been diagnosed with fetuses with NTDs prenatally, and
40 healthy controls were recruited. The chi-square test and
Mann-Whitney U test were employed to compare variables.

Results: None of the women had taken folic acid preconception-
ally in the NTD group. However, 4 (10%) women had taken folic
acid supplementation in the preconception period in the con-
trol group, and this was significantly different among the groups
(p=0.04). The women who had taken folic acid in the first trimester
of pregnancy were 9 (23.6%) and 32 (80%) in cases and controls, re-
spectively, and it was significantly different (p=0.01). The mean B12
level was 248.7+65.4ng/ml in cases and 239.3+27.5 ng/ml in con-
trols, and there was no significance between the groups (p=0.78).
The mean folate level was 9.6+4.8 ng/ml in cases and 9.8+3.9 ng/
ml in controls, and it was similar between the groups (p=0.62).

Conclusion: We did not show difference in folate and B12 levels.
However, folic acid intake in preconception or in the first trimes-
ter of pregnancy was significantly higher in women who have
healthy babies compared to the NTD group.

Keywords: Folate, neural tube defect, prenatal, supplementa-
tion, vitamin B12

OZET

Amag: Van Yiziinci Yil Universitesi ve Van Egitim ve Arastirma
Hastanesi'nde NTD tanisi koyulan ve sadlikli fetlist olan gebele-
rin B12 ve folat dizeyini karsilastirdik.

Gereg ve Yéntem: NTD tanisi koyulan 38 hasta ve 40 kontrol
grubu calismaya dahil edildi. Istatistiksel analizde ki-kare testi ve
Mann-Whitney U testi kullanildi.

Bulgular: NTD grubunda hicbir hastada prekonsepsiyonel do-
nemde folik asit kullanimi yoktu ancak kontrol grubunda 4 (%10)
hastada prekonsepsiyonel folik asit kullanimi mevcuttu ve bu fark
istatistiksel olarak anlamliydi (p=0,04). NTD grubunda 9 (%23.6),
kontrol grubunda 32 (%80) hastada ilk trimesterde folik asit des-
tedi alinmisti ve bu istatistiksel olarak anlamliydi (p=0,01). Orta-
lama B12 seviyesi NTD grubunda 248.7+65.4ng/ml, kontrol gru-
bunda 239.3+£27.5 saptandi ve bu fark anlamli degildi (p=0,78).
Ortalama folat seviyesi NTD grubunda 9.6+4.8 ng/ml, kontrol
grubunda 9.8+3.9 ng/ml saptandi ve bu fark anlamli degildi
(p=0,62).

Sonug: Her iki grup arasinda B12 ve folat seviyeleri farkli degildi
ancak, sadlikli bebegdi olan grupta prekonsepsiyonel dénemde
ve ilk trimesterde folik asit kullanimi NTD grubuna gére anlamli
olarak daha fazlayd.

Anahtar Kelimeler: Folat, noral tip defekti, prenatal, vitamin
B12
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INTRODUCTION

Neural tube defects (NTDs) are a spectrum of abnormali-
ties that arise as a result of nonclosure of the neural tube
until six weeks of gestation (1). Numerous types of NTDs
are defined, including acrania, anencephaly, inienceph-
aly, craniorachischisis, encephalocele, and meningomye-
locele. They are the most common central nervous sys-
tem anomalies, and the incidence varies from 5/1000 to
0.5/1000 (2). Etiology of NTDs is considered multifactorial
involving genetic predisposition and environmental fac-
tors such as nutritional deficiencies and drug exposure
(3). Most NTDs occur sporadically, and in most affected
pregnancies, there are no recognizable risk factors.

Epidemiologic studies more than 30 years ego showed a
correlation between maternal folate status and NTDs (4).
The administration of folic acid before and during the first
weeks of gestation can reduce the incidence of NTDs by
roughly 70% but can not prevent it completely; other fac-
tors must be involved (5). Furthermore, some studies sug-
gest that nutrients other than folate, such as vitamin B12,
may also be essential to neural tube closure and have a
potential role in risk reduction (6, 7). Vitamin 12 is a funda-
mental cofactor for two enzymes in DNA synthesis, includ-
ing folate-dependent methionine synthesis and folate in-
dependent methyl malonyl-CoA mutase (8). Similar to folic
acid, vitamin B12 deficiency also predisposes to NTDs, and
vitamin B12 intake with folic acid may reduce NTDs risk.

Although numerous studies have established the role
of folic acid and vitamin B12 associated with NTDs risk,
regarding the high prevalence of NTDs and the lack of
reviews about the role of maternal folate and vitamin B12
levels in NTDs in the Eastern region of the country, we
conducted this study to evaluate the association of ma-
ternal folate and vitamin B12 levels with NTDs.

MATERIAL AND METHOD

This prospective case-control study was conducted be-
tween March-August 2019 in Van Education and Research

hospital and Van Yizinct Yil University hospital. Those
two hospitals are referral centers around the eastern re-
gion of Turkey. The NTD group consisted of 38 women
who had been diagnosed with fetuses with NTDs prena-
tally. The control group consisted of 40 pregnant women
who did not have a history of NTDs in previous preg-
nancies and who did not have fetuses with NTDs in the
present pregnancy; also, maternal serum alfa fetoprotein
(msAFP) levels were in the normal range between 16-20
weeks of gestations. Maternal clinic and demographic
features such as gestational weeks at diagnosis, educa-
tion status, folic acid intake in the preconception period,
and folic acid intake in the first trimester were recorded.

Each woman was evaluated with regular ultrasound as-
sessments, which were performed transabdominally using
an abdominal 2-5 Mhz curvilinear transducer (Voluson,
General Electric, Milwaukee, WI, USA). Fetal NTDs were
diagnosed with a detailed ultrasonographic evaluation
with high (msAFP) levels. MsAFP levels were measured af-
ter ultrasonographic examination in our clinics. Postnatal
or postmortem confirmation of NTDs cases were verified.

Serum was separated from blood collected without an-
ticoagulants for vitamin B12 and folate analysis. Radio-
immunoassay using gamma counter (Genesis-USA) was
used for serum folate and vitamin B12 measurements.
Serum folate and vitamin B12 less than five ng/ml and 160
pg/ml were considered as the cut-off values, respectively.

Statistical analyses were performed using SPSS 16.0. The
chi-square test and Mann-Whitney U test were employed
to compare variables. Statistical significance was estab-
lished at p<0.05.

RESULTS

The mean age of pregnant women was 24.4+4.8 and
25.6+4.7 in the NTDs group, and control group, respec-
tively (p=0.86). BMI was 25.5+4.4 kg/m?in cases, and
24.6+3.9 kg/m?in control group and this difference was
not significant. The mean gestational weeks at diagnosis

Table 1: The comparison of demographic and clinical features between NTD mothers and controls.

Cases (n=38) Controls (n=40) p-value
Age 24.4+4.8 25.6+4.7 0.86
Gravity 3.2%£15 251 0.69
BMI 25.5+4 .4 24.6+3.9 0.73
Gestational weeks at diagnosis 18.4+4.2 21.2+£3.3 0.61
Education status [lliterate: 11 (28.9%) [lliterate: 10 (25%)
Primary school: 23 (60.5%) Primary school: 24 (60%)
High school: 3 (7.8%) High school: 3 (7.5%)

University: 1 (2.6%) University: 3 (7.5%)
Folic acid intake in preconceptional period 0 (0%) 4 (10%) 0.04
Folic acid intake in first trimester 9 (23.6%) 32 (80%) 0.01
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were 18.4+4.2 weeks, and the mean gestational weeks
at routine ultrasonographic evaluation in controls was
21.2+3.3 (p=0.61) and there was no significant difference.
Anencephaly in 10 (26.3%), encephalocele in 4 (10%), and
meningomyelocele in 24 (63.1%) cases composed the
NTDs group. 78.9% of cases and 75% of controls were il-
literate or primary school graduated. None of the women
had taken folic acid preconceptionally in cases. However,
4 (10%) women had taken folic acid supplementation in
the preconception period in the control group, and this
was significantly different among groups (p=0.04). Wom-
en who took folic acid in the first trimester of pregnancy
were 9 (23.6%) and 32 (80%) in cases and controls, respec-
tively, and it was significantly different (p=0.01). The mean
B12 level was 248.7+65.4ng/ml in cases and 239.3+£27.5
ng/ml in controls, and there was no significance between
groups (p=0.78). The mean folate level was 9.6+4.8 ng/ml
in cases and 9.8+3.9 ng/ml in controls, and it was similar
between cases and controls (p=0.62). The comparison of
demographic and clinical features between NTD moth-
ers and controls is demonstrated in Table 1. The values of
folate and vitamin B12 levels and p-values between NTDs
mothers and controls are shown in Table 2.

Table 2: The comparison of demographic and clinical
features between NTD mothers and controls.

Case Control [¢)
Folate (ng/ml) 9.6+4.8 9.8+£3.9 0.62
B12 (pg/ml) 2487654 239.3+£27.5 0.78
DISCUSSION

NTDs are multifactorial disorders with many genetic and
environmental factors defined in the etiology. The devel-
opment of the neural tube is a multi-step process which
is controlled by numerous genes and modulated by en-
vironmental factors.

Folate cycles between molecules in specific biologic re-
actions carry one-carbon groups from other molecules to
homocysteine to form methionine. This folate cycle is a
vital biochemical reaction required for proper DNA syn-
thesis, repair, and methylation. Thus, low folate levels can
directly limit its availability to cells or indirectly disrupt me-
thionine metabolism, thereby increasing homocysteine.

Correlation of serum folate concentrations and NTDs risk
has been investigated widely in the literature, and results
are controversial. Cech et al. showed that serum folate
levels were significantly lower in the NTDs group than
controls in their study, which involved 107 pregnant wom-
en with NTDs and 275 controls (9). Zhang et al. who com-
pared 82 pregnancies with fetal NTDs and 110 controls,
identified lower serum levels of folate and vitamin B12 in
the NTDs group (10).

On the contrary, several other researchers showed no re-
lationship. Mobasheri et al. reported that levels of folate
and vitamin B12 did not significantly affect NTDs risk in
their study (11). Aydin et al. evaluated serum folate and
vitamin B12 levels in 35 pregnant women with NTDs fe-
tuses and 38 controls. They revealed no relation between
either vitamin B12 and folate levels and NTDs. (12). In our
study, we did not show lower serum folate levels among
the NTDs group.

The starting of folic acid intake before conception is
fundamental to reduction of NTDs risk and folate given
before and during the first four weeks of gestation can
prevent more than half of NTDs. (13). Unfortunately, many
pregnancies are unplanned, and women often do not
know that they are pregnant until the crucial first 4 to 8
weeks of pregnancy. This is the time during which neural
tube development occurs, hence the importance of en-
suring adequate folic acid intake before pregnancy. Thus,
in many countries such as the USA, food fortification pro-
grams have been launched to prevent neural NTDs with-
out vitamin supplementation (14). In our county, there
is no food fortification program, and folic acid supple-
mentation in the appropriate period is crucial to reduce
NTDs risk. In our study, folic acid intake was significantly
higher in controls either in the preconception period or
in the first trimester of pregnancy. This data shows that
folic acid intake in the proper period of pregnancy may
reduce NTDs risk; even serum folate levels were not sig-
nificantly different among groups.

Since the etiology of NTDs is multifactorial, folic acid sup-
plementation alone is not sufficient to entirely prevent
NTDs. Vitamin B12 is a fundamental cofactor for two en-
zymes in DNA synthesis and may influence NTDs risk in
pregnancy. Ray et al. showed significantly low maternal
serum B12 levels in pregnancies with NTDs in their pop-
ulation-based study (2). Kirke et al. evaluated 81 pregnant
women with NTDs and 247 controls and showed signifi-
cantly lower vitamin B12 levels among NTDs cases com-
pared with the controls (15). Molloy et al. compared vitamin
B12 status in women who had NTDs in current pregnancy
and who had NTDs affected child in a previous pregnancy
with healthy controls. They found that inadequate vitamin
B12 levels were associated with a significantly increased
risk for NTDs. Furthermore, they suggested women keep
optimum vitamin B12 levels above 300 ng/L (16).

Contrastingly, Ceyhan et al. assessed serum folate and
vitamin B12 levels in 31 pregnant women with NTDs fe-
tuses and 32 controls. They revealed no relation between
either vitamin B12 and folate levels and NTDs (17). We
did not show a significant difference in vitamin B12 levels
between the two groups in our study.

Methionine synthase is a vitamin B12 dependent enzyme,
and in the absence of vitamin B12 or folate, homocyste-
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ine accumulates in the serum. Thus, increased serum ho-
mocysteine levels may be an indicator of folate or vitamin
B12 deficiency. Mills et al. showed that pregnant wom-
en who had fetuses with NTDs have significantly higher
homocysteine levels than controls in their case-control
study (18). Yang et al. showed that mothers with NTDs
offspring demonstrated dramatically higher mean plas-
ma homocysteine levels than mothers with healthy off-
spring in their meta-analysis (19). Unfortunately, we did
not measure serum homocysteine levels in our study due
to technical paucity.

Recently, among folate-metabolism related genes,
MTHRF has been the principal focus of attention. Previ-
ous studies have shown that the c.677C>T and ¢.1298A>C
variations are associated with an increased risk of NTDs
(20, 21). Also, Liu et al. revealed that MTHFR c.677C>T
variation was significantly higher in the tissue or blood
samples of NTDs fetuses compared to controls (22).

CONCLUSION

Our data indicate that either maternal folate and vitamin
B12 levels are not significantly different among women
who have NTDs fetuses compared to controls. Converse-
ly, women who had taken folic acid in the preconception
period or first trimester of pregnancy have a significantly
lower risk of NTDs offspring. A dietary supplement of fo-
late in the preconception and first weeks of gestation is
crucial to prevent NTDs.
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