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Abstract

Introduction: Folate is required for fetal, placental and maternal tissue
growth during pregnancy. A decline in maternal circulating folate concen-
trations and an increase in total homocysteine (a non-specific indicator of
folate deficiency) have been observed with the progression of pregnancy.
However, the role of folate in the third trimester of pregnancy is not clear
and folate status in late pregnancy has not so far been widely analyzed. The
main aim of this retrospective cross-sectional study was to determine the
folate concentrations in amniotic fluid and in maternal and umbilical cord
blood serum derived during delivery.

Material and methods: This study was conducted on 175 pregnant Polish
women (white/Caucasian) aged between 17 and 42 years. Only pregnancies
without birth defects were included in this study. Amniotic fluid, maternal
serum, and umbilical cord blood samples were collected during vaginal de-
livery or cesarean section. Folate concentration was determined using a mi-
crobiological assay.

Results: Strong correlations were observed between the concentrations of
folate in amniotic fluid and maternal serum (rho = 0.67, p < 0.001) and
amniotic fluid and cord blood serum (rho = 0.49, p < 0.001) and between
maternal serum and cord blood serum (rho = 0.67, p < 0.001). Folate con-
centrations in amniotic fluid were significantly associated with maternal
age (rho = 0.19, p < 0.05). Pre-pregnancy body mass index and maternal
weight/neonatal birth weight ratio were independent predictors of folate
concentrations in maternal serum (B = 0.33, p < 0.05; B = -0.19, p < 0.05)
and amniotic fluid (B = 0.28, p < 0.05; B =-0.19, p < 0.05) in late pregnancy.
Conclusions: Folate concentrations in amniotic fluid are associated with
maternal and neonatal folate status peripartum in healthy women.
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delivery.
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Introduction

Folate plays a crucial role in cell division and
the synthesis, repair and methylation of DNA [1].
Therefore, folate requirements increase in stages
of rapid growth, including during pregnancy [2].
Moreover, folate is important for normal neurode-
velopment as well as mentaland emotional health
in a developing child [2]. The clinical symptom of
folate deficiency is megaloblastic anemia. Folate
deficiency has been associated with an increased
risk of cancer and neural tube defects [1, 2].
Periconceptional folic acid supplementation has
been shown to reduce the incidence of neural
tube defects [2] and has been associated with
a reduced risk of preeclampsia, congenital heart
diseases and preterm birth [3-6]. Supplementa-
tion with folic acid is recommended before con-
ception and during early pregnancy; however, the
role of folate status in late pregnancy is not clear.
Folic acid supplementation throughout pregnan-
cy increases maternal serum and cord blood fo-
late concentration and prevents an increase in
plasma total homocysteine concentration in late
pregnancy [7].

In many studies, maternal folate status has
been determined by assessment of folate con-
centration in a mother’s serum or red cells and
in some cases in cord blood serum [8, 9]. There
are only a few studies in which folate level in am-
niotic fluid has been determined. These authors
determined B-vitamins and their metabolites in
amniotic fluid and other biospecimens and found
that amniotic fluid may be a good matrix to iden-
tify folate status during pregnancy [10, 11]. Pre-
vious studies have been conducted in different
stages of pregnancy and usually to identify if
there is a relationship between folate deficiency
and abnormal fetal development or birth defects
[12-14].

The composition of amniotic fluid is important
for fetal development and reflects both maternal
and fetal compartments [15]. The concentrations
of folate in amniotic fluid result from placen-
tal transfer, fetal renal excretion and diffusion
through the non-keratinized fetal skin [10, 15]. An
analysis of the content of amniotic fluid can pro-
vide important information on the health status
of the mother and her fetus at different stages of
gestation [10, 15]. To date, there are no reference
values for folate concentrations in amniotic fluid
of healthy pregnant women or in cord blood of
normal pregnancies.

The most convenient time to collect amniotic
fluid and maternal and cord blood samples si-
multaneously is during delivery. Knowledge about
folate status in mother and fetus and about po-
tential interactions between these two organisms
as expressed by amniotic fluid content is currently

lacking. Therefore, the primary objective of this
study was to determine the concentration of folate
in amniotic fluid, maternal serum, and cord blood
at birth. The secondary objectives were to test for
correlations between folate concentrations in the
three compartments and to determine the associ-
ation between folate concentrations and maternal
and newborn characteristics.

Material and methods
Study design and participants

This was a retrospective cross-sectional study
to assess folate concentrations of amniotic fluid,
maternal serum, and serum obtained from the
umbilical cord of term neonates born between
38 and 42 weeks of gestation. The amniotic flu-
id, maternal blood and umbilical cord blood were
collected at the same time at birth during routine
diagnostic and treatment procedures in pregnant
women hospitalized in the Polish Mother’'s Me-
morial Hospital Research Institute. The collected
samples were stored at —80°C.

The study was conducted in pregnant Polish
women (white/Caucasian) who were under rou-
tine obstetric care. Women voluntarily participat-
ed in the study after signing an informed consent
form. The participants consented to secondary
use of their samples. The study was conducted on
patients qualified on the basis of inclusion and ex-
clusion criteria.

The inclusion criteria were normal intrauterine
pregnancy without apparent congenital anoma-
lies evaluated by ultrasound or prenatal tests, and
a lack of signs and symptoms of maternal or fetal
infection or anemia. The exclusion criteria were
vaginal bleeding, pelvic pain, chorionic hemato-
ma, premature rupture of membranes (PROM),
placental insufficiency, multiple pregnancy, mater-
nal diabetes, hypertension in pregnancy, obstetric
history of miscarriages and fetal growth disorders
(growth restriction, macrosomia), birth defects or
genetic conditions in the current pregnancy or
present in the women, current use of medicines
or supplements that affect the folate balance in
the organism and maternal exposure to alcohol,
drugs, or tobacco smoke.

The study was approved by the Bioethics Com-
mission of the Research Ethical Committee of Pol-
ish Mother’'s Memorial Hospital Research Institute
in Poland (approval no. 50/2016) and the Univer-
sity of British Columbia Clinical Research Ethics
Board (UBC CREB, H16-00419) and was, therefore,
performed in accordance with the ethical stan-
dards laid down in the 1964 Declaration of Helsin-
ki and its later amendments.

After participants were enrolled in the study,
a routine medical interview was conducted to
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collect data on maternity, pregnancy, family his-
tory of illnesses and operations, drugs and med-
ications used, and the occurrence of allergies.
Maternal weight was measured before delivery
to the nearest 0.1 kg using a calibrated digital
weight scale while women were wearing light-
weight clothing. Maternal height was measured
in cm and pre-pregnancy weight was self-report-
ed. The pre-pregnancy body mass index (BMI)
was calculated. Birth weight of the newborns was
assessed using a digital weight scale in the third
stage of delivery. Week of gestation was deter-
mined by first trimester obstetric ultrasonogra-
phy. Newborn health was assessed by the Apgar
score.

Biospecimen collection
and folate measurement

Blood samples were collected from a vein of the
pregnant women at the time of delivery and from
the umbilical cord postpartum. Monovette test
tubes (Neutral or Serum Z/7.5 ml; Sarstedt, Sarst-
edt AG & Co, Niimbrecht, Germany) were used
without any anticoagulants to obtain blood serum
and these were spun for 30 min (3,000 rpm/min
at 4°C) and frozen. All serum samples were stored
at —-80°C.

Amniotic fluid samples were obtained (5 ml) by
transabdominal puncture in the surgery wound
during cesarean sections or transvaginal puncture
using a speculum when cervical dilatation was
above 4 cm during vaginal births, in both situa-
tions with intact membranes, using sterile nee-
dles and syringes just before delivery. The sam-
ples were centrifuged (3,000 rpm/min for 10 min
at 4°C), frozen, and stored at —80°C.

Biospecimens were shipped on dry ice to the
University of British Columbia (UBC), UBC Nutri-
tional Biomarker Laboratory, for folate analyses.
Ampniotic fluid and maternal and cord blood serum
folate concentrations were determined using the
microbiological folate assay with chlorampheni-
col-resistant Lactobacillus casei as the test micro-
organism, as described by Molloy and Scott [16]
and O’Broin and Kelleher [17]. The study samples
were analyzed over 11 consecutive days. The in-
ter-assay variations for whole blood and serum
folate concentrations were 10% and 5.9%, re-
spectively. Whole blood hemolysate (NIBSC code:
95/528) served as an external quality control; the
measured mean folate concentration was 12.8
ng/ml (target value 13 ng/ml) with an inter-assay
variation of 7.8%.

Statistical analysis

All statistical analyses were performed with
Statistica 10 for Windows. Data were tested for

normal distribution using the Shapiro-Wilk test.
The Mann-Whitney test and ANOVA Kruskal-Wal-
lis and Duncan’s tests were used to compare dif-
ferences between groups for all the studied pa-
rameters. The associations between parameters
were calculated using Spearman’s rank correla-
tion coefficient. Regression analyses were used
to assess the relationships between variables. The
level of statistical significance was set to p < 0.05.

Results

The characteristics of the participants are pre-
sented in Table I. The study population consisted
of a total of 175 examined deliveries by healthy

Table I. Maternal and newborn characteristics

Variable All participants
Number of women 175
Age of mother [years] 29.5 +4.6
30
17-42
Maternal weight pregnancy [kg] 76.8 +11.8
75
53-124
Pre-pregnancy BMI [kg/m?] 22.3 £3.7
21.5
16.3-37.8
Gestational age at birth 39.1+1.2
39
38-42
Number of past, live childbirths:

0 51%

1 28%

2 12%

3 4%

>4 5%
Number of miscarriages in previous
pregnancies:

0 80%

1 15%

2 5%
Vaginal delivery 73%
Caesarean section 27%
Neonatal sex (male/female) 103/72
Birth weight [g] 3367 +405.9

3350
2350-5000
Apgar score 9.5 +0.6
10
7-10

Data are presented as mean + SD, median, and minimum-maximum.
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Table Il. Folate concentration in amniotic fluid and maternal and umbilical cord serum in all participants and cat-

egorized by maternal and neonatal characteristics

Characteristic Sample Parameter Amniotic fluid Maternal serum Umbilical cord
size [nmol] [nmol] serum [nmol]
All participants n=175 Mean + SD 11.9 +6.8* 53.5 +27.78 83.5 +30.1¢
Median 10.3 52.3 77.4
Min.—max. 2.5-33.1 5.0-131.4 23.5-175.1
5t—95t percentile 3.4-22.9 13.8-101.6 38.1-136.1
Maternal age <30 Mean + SD 10.4 +6.4* 51.5+29.8 79.7 £30.9
n =288 Median 9.2 50.3 79.5
Min.—max. 2.5-32.8 5-109.3 23.5-171.5
> 30 Mean + SD 13.3 +6.9° 55.4 +25.7 84.6 £+29.5
n =87 Median 11.3 51.5 82.4
Min.—max. 2.7-33.1 11.8-131.4 27.3-175.1
Neonatal sex Male Mean + SD 12.0 £7.1 55.1 +27.3 83.9 +32.8
n=103 Median 10.4 55.0 82.0
Min.—max. 2.5-33.1 11.6-109.3 23.5-175.1
Female Mean + SD 12.0 +6.4 51.1 £28.1 79.9 £25.7
n=72 Median 10.0 46.6 78.0
Min.—max. 2.5-32.8 5-131.4 27.3-164.6
Maternal weight <22 Mean + SD 13.2+7.6 57.4 £27.2 86.6 +29.6
at birth/birth n=68 Median 11.6 55.7 86.7
weight (kg) Min.—max. 2.5-33.1 7.4-131.4 35.3-175.1
> 22 Mean + SD 11.1 6.2 51.2 £28.1 79.3 £30.4
n=107 Median 10.4 51.8 77
Min.—max. 2.5-30.3 5-127.7 23.5-147.8
Type of delivery ~ Caesarean Mean + SD 12.0 £6.6 54.8 +28.9 81.6 +29.7
section Median 11.3 53.3 79.8
n=47 Min.—max. 3.1-33.1 7.4-131.4 35.3-175.1
Vaginal Mean + SD 11.8 7.5 54.2 +24.8 84.0 £32.4
delivery Median 10.6 52.6 82.0
n=128 Min.—-max. 2.5-32.8 5-128.8 23.5-164.6

SD - standard deviation, “Different letters indicate statistically significant difference between biospecimens; ANOVA Kruskal-Wallis and
Duncan’s test p < 0.05. **Different letters indicate statistically significant difference in folate concentration of the same biospecimen

between subgroups; Mann-Whitney test p < 0.01.

women with singleton pregnancies in cephalic
fetal presentation without birth defects. Seven-
ty-three percent had a normal vaginal birth and
27% delivered by cesarean section. In terms of
neonatal sex, 103 (59%) newborns were male and
72 (41%) were female. The median = SD maternal
age was 29.5 4.6 years (minimum-maximum:
17-42 years). Over 80% of the women had sec-
ondary and higher education and they declared
their socioeconomic status as good or very good.

Concentrations of folate in amniotic fluid and
maternal serum and umbilical cord serum are
shown in Table Il. Folate concentrations signifi-
cantly differed in the three assessed compart-
ments at delivery. The highest folate concentra-
tion was found in umbilical cord blood (83.5 +30.1
nmol/l) and the lowest in amniotic fluid (11.9 +6.8
nmol/l). Folate concentrations in all three com-
partments did not differ between categories of
maternal weight at delivery/neonatal birth weight
ratio, type of delivery, or neonatal sex.

Folate concentrations were significantly correlat-
ed between amniotic fluid, maternal serum and
umbilical cord serum (Figure 1 A-C). The strongest

correlation was between amniotic fluid and mater-
nal serum folate concentrations (rho = 0.67). A pos-
itive but weak correlation was observed between
amniotic fluid folate concentration and maternal
age (rho = 0.19). The highest folate concentration in
amniotic fluid was observed in women aged 31-35
years (Figure 2). The results of the regression anal-
ysis showed that pre-pregnancy BMI and maternal
weight at delivery/neonatal birth weight ratios were
independent predictors (along with age of mother
and maternal body mass) of folate concentrations
in amniotic fluid and maternal serum (Table IlI).

Discussion

In this study, we determined the range of fo-
late concentrations collected during delivery in
different biological compartments: amniotic fluid,
maternal serum and umbilical cord blood. Strong
correlations were found between folate concentra-
tions in all types of samples. We also found that
the concentration of folate in amniotic fluid was
associated with maternal age, and that pre-preg-
nancy BMI and maternal weight at delivery/neo-
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natal birth weight ratios were independent predic-
tors of folate concentration in amniotic fluid and
maternal serum. To the best of our knowledge,
this is the first study on healthy pregnant women
to demonstrate these relationships at delivery.
The strong correlation between folate concen-
tration in amniotic fluid and maternal and cord
blood serum shows a functional connection and
dependence between maternal and fetal organ-
isms provided by the placenta. In other European
populations, there have been lower mean con-
centrations of folate in maternal serum and cord
blood compared to our results; however, interest-
ingly and similar to this study, the concentration
of folate in cord blood serum was also nearly
60% higher than in maternal serum [18]. A low-
er level of folate in amniotic fluid compared to
maternal serum has previously been reported in
animal studies [12-14, 17]. Ahn [19] found that
folate levels in umbilical cord blood were twice
those of maternal serum and the folate level in
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Figure 1. A — Significant correlation between to-
tal folate concentration in amniotic fluid and in
maternal serum (rho = 0.67, p < 0.001). B — Sig-
nificant correlation between total folate concentra-
tion in amniotic fluid and in umbilical cord serum
(rho =0.49, p < 0.001). C - Significant correlation be-
tween total folate concentration in maternal serum
and in umbilical cord serum (rho = 0.67, p < 0.001)

placenta was even higher (on average 998 ng/g).
Maternal folate concentration has a positive cor-
relation with cord blood and placenta tissue. Fo-
late concentrations in cord blood change on the
basis of the gestational age and maternal nutri-
tional status. In women with a low folate status
the folate level in the fetus is still greater than in
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Figure 2. Folate concentration in amniotic fluid ac-
cording to maternal age

@bSignificant differences between groups p < 0.05; ANOVA
Kruskal-Wallis and Duncan’s test.

Table Il1. Predictors of folate concentration in amniotic fluid and maternal serum (B-coefficient)

Parameter Amniotic fluid Maternal serum
Maternal age 0.05 -0.13
Maternal body weight at delivery -0.16 0.18
Maternal body weight/newborn birth weight -0.19* -0.19*
Pre-pregnancy BMI 0.33* 0.28*
Amniotic fluid folate concentration - 0.49**
Maternal serum folate concentration 0.61** -

Cord blood serum folate concentration 0.07 0.38**

*p = 0.05, **p = 0.01. BMI — body mass index.
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the mother’s blood. This indicates that folate may
be accumulated in the placenta or umbilical cord
from the maternal organism and then transported
to the fetus [19]. This mechanism may be respon-
sible for maintaining the fetal level above that
of the maternal supply. Moreover, folate transfer
from maternal blood to the fetus depends on the
activity of transporters (FOLR1, RFC1, HCP1/PCFT)
in the placenta. The amount of these transporters
decreases along with duration of pregnancy [20].

Comparing the results, we found higher fo-
late concentrations in amniotic fluid and ma-
ternal serum than those observed in pregnant
European women at mid-pregnancy [11, 21]. In
some studies, folate content in amniotic fluid
at earlier weeks of pregnancy was slightly lower
than in women at late pregnancy [22]. However,
in the second trimester a decreasing folate level
has also been observed in maternal and fetal tis-
sues connected with advancing gestational age
of pregnancy [10, 11, 21]. The decreasing content
of folate in maternal samples connected with the
duration of the pregnancy may be related to the
fact that pregnant women usually take a folic acid
supplement in the first months of pregnancy and
then discontinue supplementation in later preg-
nancy. Such behavior is consistent with interna-
tional guidelines and clinical practice in Poland,
with the recommendation to start periconcep-
tional folic acid supplementation at least 1 month
prior to pregnancy and to continue this until the
end of the first trimester to prevent neural tube
defects [23-25]. Furthermore, fetal growth and
development in later pregnancy may increase the
demand for folate, and decreases in the level of
this vitamin in maternal tissue may be a conse-
qguence of this. In some studies, higher maternal
folate concentrations during pregnancy are asso-
ciated with higher gestational age at birth, lower
preterm birth risk and lower weight outcome, but
other studies do not confirm these associations
[26-28]. In this study, we found that pre-pregnan-
cy BMI and mother/newborn weight ratios at birth
are strong predictors of folate concentrations in
maternal serum and amniotic fluid. Our results
showed that high BMI before pregnancy and an
increase in maternal body weight in relation to
neonatal birth weight may lead to a decrease in
folate status. Previous studies have shown an in-
verse correlation between pre-pregnancy BMI and
folate serum in pregnant women [9, 29]. These
findings may be explained by results obtained by
Stern et al. [30], who found that obesity may mod-
ify folate pharmacokinetics. Folate status in wom-
en who are overweight/obese may be a possible
contributor to increases in the risk of congenital
birth defects [31-33].

Human and experimental studies have shown
that supplementation with folic acid reduced the

risk of preterm delivery and low birth weight [13].
A recent study found that continued supplementa-
tion with folic acid in the second and third trimes-
ters can prevent a decline in maternal folate sta-
tus resulting from increased folate requirements
during pregnancy [23, 34].

According to the literature, folate status in
women is related to their age. Low dietary fo-
late intake and low biochemical folate status
have been found in younger women compared to
women over 30 years of age [35-37]. The results
of our study confirm that age is associated with
folate status. The concentration of folate in amni-
otic fluid was significantly higher in women older
than 30 years compared to those aged < 30 years.
Results of other studies have shown that low fo-
late status in pregnant women is determined by
younger maternal age, lower educational level
and lower annual income [38]. In our study, socio-
economic status did not affect folate concentra-
tion in women, because we had a rather homo-
geneous group (nearly 70% had higher education
and over 80% declared their socioeconomic sta-
tus as good or very good). Moreover, older ma-
ternal age was reported to predict more frequent
use of supplements during pregnancy [38, 39].

There are some limitations to the current
study that should be mentioned. First of all, we
analyzed folate concentrations in serum, which
is a short-term indicator of folate; red blood cell
folate level provides a better estimation of folate
status but was not measured in this study. Age
cut-off (30 years) and age range and mother/
neonate weight ratio cut-off (value 22) in sub-
groups were established mainly by considering
the size of the groups. Another limitation is the
lack of dietary data and knowledge about the
women’s supplement use. In addition, the results
apply only to healthy women without any com-
plications during pregnancy. Future studies may
consider maternal diseases, pregnancy compli-
cations and birth defects to investigate possible
correlations these factors might have with ma-
ternal and newborn folate status.

In conclusion, the determination of folate
concentration in amniotic fluid simultaneously
with maternal and umbilical cord serum at birth
showed a strong correlation between these three
analyzed compartments, with the highest levels
of folate in cord blood and the lowest in amniotic
fluid.
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