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ORIGINAL ARTICLE

The effect of race and supplementation on maternal and umbilical cord
plasma folates

Devika Maulika, Leon van Haandela, Jenifer Allsworthb, Kris S. Chaisanguanthumc, John D. Yeastd and
J. Steven Leedera

aChildren’s Mercy Hospital/University of Missouri at Kansas City, Kansas City, MO, USA; bDepartment of Biomedical and Health
Informatics, University of Missouri at Kansas City, Kansas City, MO, USA; cDepartment of Physiology, University of California,
San Francisco, San Francisco, CA, USA; dSt. Luke’s Hospital, Kansas City, MO, USA

ABSTRACT
Objective: The purpose of this study is to test the hypothesis that race and supplementation
affect the concentration and correlation of various folate species in maternal and umbilical
cord blood.
Methods: This is a single-center, prospective, cross-sectional cohort of cord blood samples
obtained from 40 uncomplicated term pregnancies as a pilot study, following a protocol
approved by the Institutional Review Board. High performance liquid chromatography mass
spectrometry quantitated the following concentrations in extracted plasma samples: 5-methylte-
trahydrofolate (5MTHF), 5,10-methenyl-tetrahydrofolate (5,10-MeTHF), tetrahydrofolate (THF), and
unmetabolized folic acid.
Results: Folate concentrations in the umbilical cord plasma were consistently higher than mater-
nal samples for 5MTHF (p< .001), 5,10-MeTHF (p< .001), and THF (p< .001); cord blood folic acid
levels, however, were lower than maternal samples (p< .03). While 5MTHF was the most preva-
lent folate, ratios comparing cord blood to maternal blood folates suggests a fourfold preponder-
ance of THF in cord blood folate signature, a trend unchanged by supplementation. Prenatal
supplementation increased the concentrations of 5MTHF, for both maternal (p< .01) and cord
blood samples (p< .005). In comparison to the other two racial groups, African American 5MTHF
concentration demonstrated a lower total folate concentration in both maternal samples and
cord blood samples, in addition to a relatively blunted response to supplementation. A signifi-
cantly positive correlation between maternal and cord blood 5MTHF concentration was noted in
all three racial groups. Supplementation resulted in a positive correlation between maternal and
cord blood 5MTHF concentrations (r¼ 0.85, p< .0001).
Conclusions: 5MTHF is the most prevalent folate in both cord and maternal plasma, and race
and supplementation primarily affect variations in maternal and fetal 5MTHF concentrations and
their correlation with each other. However, the greater concentration of THF in cord blood rela-
tive to maternal blood offers preliminary insight into the importance of how folate metabolism
differs in the specific context of fetal development and physiology, with greater emphasis on
DNA synthesis and stability. Furthermore, supplementation appeared to not have as great an
impact on African American maternal or cord blood folates, suggesting a variable benefit of
current repletion strategies to certain subsets of the population. Future studies that further
elucidate these differences and their impact on birth outcomes may help inform supplementa-
tion protocols that are more personalized, with greater efficacy in promoting positive peri-
natal outcomes.
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Introduction

Folic acid, a synthetic folate, functions as a highly
effective nutritional prophylaxis against congenital
anomalies including cardiac malformations [1], cleft lip
and palate [2], and neural tube defects [3]. The CDC
currently recommends a dose of at least 0.4mg/day
for all women capable of pregnancy, and most

prenatal vitamin formulations contain at least 400lg
of folic acid [4]. Additionally, in 1998, the US Food and
Drug Administration mandated supplementation of
140 mg of folic acid for every 100 g of cereal and
whole grain, and since the initiation of this program,
the CDC observed a 26% reduction of neural tube
defects in pregnancy [5,6].
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Interestingly, the 26% reduction of neural tube
defects in the USA falls below the projected 50%
decline the CDC had anticipated with mandatory fol-
ate fortification in the grain supply [7]. One reason for
this disparity may be nutritional lapses among women
of childbearing potential. In addition to a reported
16% decline in plasma total folate among reproductive
females due to pervasive changes in dietary habits [8],
cultural and racial disparities exist in both dietary
consumption of folate and folic acid and the use of
prenatal vitamins [9–11].

Studies also suggest a differential racial response to
grain fortification and supplements, and current reple-
tion strategies do not account for these intrinsic differ-
ences in maternal folate metabolism. A 2002 CDC
study found that African American women had a lower
folate reserve than both Caucasian and Latina women,
a discrepancy that persisted even after implementation
of grain fortification [8].

Furthermore, if little is known regarding folic acid
metabolism among reproductive women, even less is
known regarding the mechanism of fetal utilization of
maternal folates. Maternal folate stores and folic acid
supplementation probably fulfill an increased demand
for one-carbon metabolism during pregnancy, which is
critical in fetal DNA synthesis and maintenance, epigen-
etic programing via methylation, cell proliferation, and
amino acid synthesis. However, very few studies have
examined the impact that supplementation and mater-
nal habits have on fetal folate stores, and only one
study has analyzed the impact of folic acid consumption
on various folate species in cord blood [12]. Moreover,
while the maternal–cord blood correlations of folic acid
[13] and vitamin B12 (a cofactor in the folate cycle) [14]
have been described, no study, to our knowledge, has
described the maternal-cord blood correlation of mul-
tiple folate species, including the most physiologically
available and plentiful folate, 5-methyltetrahydrofolate
(5MTHF), and none have examined the impact of race
on these correlations and cord blood samples.

Therefore, this study tests the hypothesis that race
and supplementation affect the concentration and cor-
relation of various folate species in maternal and umbil-
ical cord blood samples, utilizing ultraperformance liquid
chromatography (UPLC)–tandem mass spectrometry.

Materials and methods

Patient population

This is a single-center, cross-sectional analysis of
patients with normal, singleton pregnancies. Forty
maternal-cord blood sample pairs were collected at

delivery to look at various aspects of fol-
ate metabolism.

In all cases, the patients, who were between 16 and
40 years of age, were recruited in an outpatient setting
during routine prenatal care visits, using a protocol that
was approved by the affiliated Institutional Review
Board of St. Luke’s Hospital. Informed consent was
obtained, using good clinical and ethical practice; if
women were less than 18 years of age, both the patient
and their designated guardian provided consent.

In the clinic, an interviewer-administered question-
naire was utilized to obtain information regarding
race, medical history, body mass index (BMI), maternal
habits including smoking and prenatal vitamin use.
The type of prenatal vitamin used by this cohort was
a generic form easily obtained over the counter. The
pregnancy was followed via chart review to search for
gestation-related complications such as preterm birth,
preeclampsia, and diabetes. Exclusion criteria included
longstanding history of anemia, seizures, prior
pregnancy affected by neural tube defect, and history
of gastric bypass surgery or current intestinal
malabsorption.

During delivery, the patient had a non-fasting ven-
ous blood sample collected, using EDTA tubes, as well
as a mixed arterial-venous umbilical cord sample, prior
to placental separation.

Preparation of samples

After the blood was collected, it was immediately
shielded from light using foil and placed on ice.
Within 12 h of collection, the samples were then cen-
trifuged at 2000 rpm for 10min in a desktop centri-
fuge at 4 �C. The plasma supernatant was then
recovered in aliquots and stored in amber vials in an
�80 �C freezer for future analysis.

Quantification of plasma folates

Folate analysis in whole blood and plasma was con-
ducted per previously published procedure using
UPLC tandem mass spectrometry [15]. The following
folate species were measured: 5MTHF, 5,10-
methenyl- tetrahydrofolate (5,10-MeTHF), tetrahydrofo-
late (THF), and unmetabolized folic acid.

Folate extraction was performed on 50ml aliquots
of plasma, to which 25ml of internal standard solution
containing 100 nM of the isotope-labeled internal
standards were added and vortexed for 10 s.
Subsequently, 20ml of 10% (w/v) trichloroacetic acid
was added, vortexed, and centrifuged to precipitate
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and discard proteins. Samples were then immediately
neutralized with 200ml of extraction buffer. Aliquots
of the supernatant were transferred to autosampler
vials with a 250ml inserts for analysis of content.

The plasma folate assays were validated using
standards. The recovery of the different folate species
was estimated by spiking (in triplicate) the [13C5]-
labeled standards in the pooled matrix at 10, 50, and
100 nM for plasma and comparing the analyte
response (AUC) of the extracted spiked biological sam-
ple to an aqueous reference control prepared at a
similar concentration. Precision and accuracy were
tested by a standard addition experiment, adding
known concentrations of the analytes to a pooled
matrix 0, 5, 25, and 50 nM for plasma. During this
experiment, the [13C5]-labeled internal standards were
spiked in at 50 nM for plasma. Intrarun precision was
determined by measuring five replicates of each con-
centration in one day. Inter-run precision was assessed
by the measurement of five replicates of each concen-
tration for a three-day period.

The linear range and lower limits of quantification
(LLOQ) and limits of detection (LOD) were assessed by
adding the [13C5]-labeled analytes at concentrations
of 0.1–100 nM to plasma. The LLOQ was defined as
the lowest concentration that yielded peaks with sig-
nal-to-noise (S/N) ratios of 10, and the LOD was
defined as the lowest concentration that yielded peaks
with S/N ratios of 3.

Separation was conducted on an Acquity UPLC BEH
C18 column (2.1 100mm; Waters, Milford, MA, USA)
packed with 1.7-mm particles. The column was pro-
tected by an Acquity UPLC BEH C18 VanGuard precol-
umn (2.1 5mm; Waters, Milford, MA, USA) packed with
1.7mm particles. Mobile phase A consisted of 1%
acetic acid in H2O, and mobile phase B was a blend
of 25% ACN, 74% MeOH, and 1% acetic acid. The
folates were eluted utilizing a gradient elution
program followed by a step gradient to return to ini-
tial conditions.

Mass spectrometry was then performed using a
Xevo TQS “triple” quadrupole mass spectrometer
(Waters, Manchester, UK) equipped with an electro-
spray ionization (ESI) source.

Statistics

This is a pilot study. As no previous data exist quantify-
ing folate in normal pregnancy among different racial
groups, no sample size calculation was performed. The
data analysis was performed using SAS software (SAS
Inc., Cary, NC, USA). For both maternal and cord plasma,

mean concentrations with standard deviation were cal-
culated for each of the different folates. As the data col-
lected followed a normal distribution, differences
between values were determined using Student’s t test,
with a significance defined as a p value< .5. To study
the relationship between maternal and cord plasma
values, bivariate linear regression was performed, with
calculated Pearson’s coefficients, to characterize mater-
nal-cord blood folate correlations.

Results

Subject characteristics

Among the 40 mother-cord blood pairs analyzed in
this study, mean maternal age was 23.5 ± 5 years, with
a BMI of 31 ± 9.3 and 60% with an obese prepreg-
nancy BMI, and 35.7% were multiparous. Eighteen of
the women were African American, while 12 were
Latina and 10 were Caucasian. Three subjects (7.5%)
had a positive history of smoking. The majority of
patients (57.5%) took prenatal vitamins during preg-
nancy at the time of prenatal intake. Among the dif-
ferent races, 45% of African American, 66.7% of Latina,
and 60% of Caucasian women used supplementation.

Gestational age at the time of collection at delivery
was 39±1.8 weeks. Three patients developed gestational
diabetes, and three patients developed preeclampsia.
There were no preterm births. Mean birthweight was
3221±385g. Three women were smokers.

Maternal and fetal folate quantification

Cord blood concentrations were significantly higher
than their corresponding maternal levels in all folate
species, with the exception of folic acid (Table 1); cord
blood plasma folic acid levels were consistently lower
than maternal plasma levels. Furthermore, 5MTHF was,
by far, the most prevalent folate species, in both
maternal (39.12 nmol/L, 89% of total folate) and cord
blood plasma samples (59.5 nmol/L, 94% of total fol-
ate). This trend continued with and without supple-
mentation (Table 2) and within each racial group
(Table 3). That said, when looking at cord blood/
maternal ratios of each plasma folate, THF concentra-
tion in cord blood was four to fivefold higher than
maternal blood, a significant trend not seen with other
folates (Table 2). This trend was not affected by
supplementation.

Supplementation appeared to primarily affect
5MTHF concentrations, with higher levels noted with
prenatal vitamin use in both maternal (45.1 versus
31.1 nmol/L, p< .001) and cord blood samples
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(67.3 nmol/L versus 49.1/L nmol, p< .01), while not
similarly affecting the concentrations of other folate
species (Table 2). Interestingly, folic acid concentra-
tions were noted in both maternal and cord blood
of pregnancies where the mothers reported no pre-
natal vitamin use, which was probably indicative of
folic acid consumption via grain fortification.

African American pregnant mothers had a lower
concentration of 5MTHF (Table 3), in comparison to
Caucasian women (30.1 versus 53.4 nmol/L, p< .002).
African American women also had a lower concentra-
tion of 5MTHF than Latina women, though the differ-
ence was not significant (30.1 versus 40.8 nmol/L,
p< .07). A similar trend was seen with cord blood.
African American cord blood 5MTHF concentration
(46.0 nmol/L) was much lower in comparison with
both Caucasian (71.8 nmol/L, p< .001) and Latina sam-
ples (69.6 nmol/L, p< .01). This racial difference was
not seen with the other folate species, for both mater-
nal and cord blood samples.

Of note, three outliers were noted in the maternal
blood samples, with a much higher concentration of
folic acid; the outliers did not significantly affect the
observed maternal-fetal difference in folic acid concen-
trations. The outliers belonged to one Caucasian
woman (25.9 nmol/L) and one African American
woman (37 nmol/L), who took prenatal vitamins, and
one Latina woman (43.1 nmol/L) who did not take pre-
natal vitamins; despite their high levels of folic acid,
the corresponding cord blood values (0.4 nmol/L, 0.6,
and 0.5 nmol/L, respectively) did not deviate signifi-
cantly from the mean (0.4 nmol/L).

Furthermore, racial differences existed not only in
5MTHF concentrations but also in response to supple-
mentation. Prenatal vitamin use increased the 5MTHF
folate concentrations of Latina and Caucasian cord
plasmas while African American cord plasma levels
changed less (Figure 1), demonstrating a compara-
tively blunted response to supplementation.

Maternal-fetal correlation and supplementation

The data demonstrated a positive correlation between
maternal and cord blood plasma 5MTHF (r¼ 0.75,

p< .001; Figure 2); however, this correlation was far
weaker when only unsupplemented mothers were
included (r¼ 0.46, p¼ .07), and far stronger when only
supplemented mothers were included (r¼ 0.85,
p< .0001). Therefore, the correlation existed far more
predictably with supplementation, with overall
higher concentrations of both cord and maternal
blood samples.

Moreover, the correlation of concentrations
observed in the unsupplemented population appeared
scattered, with some patients demonstrating high
cord blood values despite low corresponding maternal
values. Though the linear regression demonstrated a
weak correlation, it was driven by two outliers, where
the maternal and cord blood concentrations of 5MTHF
are both high (one Latina and one Caucasian patient,
both with normal pregnancies and birth outcomes).

This positive correlation with supplementation,
again, only appeared significant for 5MTHF and not
for the other folate species (Table 4); similarly, in all
three racial groups, a significant positive correlation
was observed only with 5MTHF: African Americans
(r¼ 0.52, p< .02), Caucasians (r¼ 0.66, p< .04), and
Latina women (r¼ 0.88, p< .002).

Discussion

As far as we know, our study may be the first to char-
acterize racial trends in cord blood folate status and
maternal-cord blood correlations. Our study demon-
strates that, regardless of race, the most plentiful
physiologic folate in both cord and maternal blood is
5MTHF, which is consistent with findings from previ-
ous studies [12,16,17]. Furthermore, statistically signifi-
cant positive correlations between maternal and cord
blood 5MTHF were observed in all three racial groups,
suggesting that maternal 5MTHF levels are consist-
ently predictive of fetal folate status. These two find-
ings together imply that 5MTHF plays a critical role in
both maternal and fetal folate-mediated processes
during pregnancy. 5MTHF feeds into the S-adenosyl
methionine cycle that supplies methyl donors for DNA
methylation, thereby affecting genetic expression.

Table 1. Concentrationsa of maternal and cord blood plasma folate isoforms.
Pregnant women (n¼ 40) Cord blood (n¼ 40) p Value

5-MTHF (nmol/L) 39.1 ± 18.8 59.5 ± 21.9 p< .001
FA (nmol/L) 3.3 ± 9.5 0.40 ± 0.40 p¼ .029
THF (nmol/L) 0.5 ± 0.3 2.3 ± 2.0 p< .001
5,10-Methenyl THF (nmol/L) 0.7 ± 0.05 1.0 ± 0.4 p< .001
aValues are expressed as means with standard deviations.
5-MTHF: 5-methyltetrahydrofolate; FA: folic acid; THF: tetrahydrofolate.
A student’s t test compared the mean concentrations between pregnant women and cord blood.
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Cord blood, not surprisingly, had higher levels of
5MTHF, THF, and 5,10-MeTHF than maternal samples,
a finding that corroborates previous studies [18–22].
This is likely due to placental transport and preferen-
tial depletion of maternal stores in favor of the fetus.

While 5MTHF appears generally the most plentiful
folate, cord blood/maternal blood ratios suggest a sig-
nificant preponderance of THF within the fetal circula-
tion, relative to maternal blood. This is not surprising
given the conversion of 5MTHF back to THF drives the
synthesis of methyl groups that drive DNA expression.
Also, THF, after conversion by dihydrofolate reductase
(DHFR) from dihydrofolate, plays a critical role as a
pivotal entryway into the folate cycle, especially with
respect to DNA and protein synthesis and stability.
Diminished THF, in relation to dysfunctional DHFR
enzyme activity, has been shown to increase the risk
of uracil misincorporation into DNA, increasing muta-
tions and apoptosis [23]; therefore, robust fetal stores
may be protective against potential developmental
disruption. The increased THF concentrations in fetal
blood also implies potential preferential transfer from
maternal blood or possible increased DHFR activity;
however, DHFR activity, while implicated in the patho-
genesis of conotruncal heart anomalies and neural
tube defects in animal models [24,25], has not been
well described in human fetal tissues, and it would be
particularly interesting to study how dietary exposure
and race informs genetic expression and enzyme
activity within the folate cycle.

With regard to racial differences, consistent with
the aforementioned 2002 CDC study [8], this study
found African American mothers had a lower folate
status and a less dramatic response to supplementa-
tion, in comparison to the other racial groups, and
this trend similarly affects cord blood concentrations.
5MTHF drives most of these differences seen with sup-
plementation and race.

This finding may support a recent postulation that
5MTHF may be a better repletion strategy than folic
acid among reproductive females [26,27]. Folic acid
must be deglutamated and reduced prior to eventual
conversion to 5MTHF and entry into the folate cycle.
However, by bypassing these additional steps, 5MTHF
may offer a more direct form of supplementation that
more readily rectifies these racial differences in a way
that positively affects the fetus.

Given this trend among African Americans, ques-
tions arise regarding how this disparity influences their
pregnancy outcomes. Despite their lower folate con-
centrations, which is associated typically with anTa

bl
e
2.

Th
e
ef
fe
ct

of
su
pp

le
m
en
ta
tio

n
on

co
nc
en
tr
at
io
ns

a
of

m
at
er
na
la

nd
co
rd

bl
oo
d
fo
la
te

is
of
or
m
s.

Pr
eg
na
nt

w
om

en
Co

rd
bl
oo
d

Ra
tio

Su
pp

le
m
en
ta
tio

n
(n
¼
23
)

N
o
su
pp

le
m
en
ta
tio

n
(n
¼
17
)

p
Va
lu
e

Su
pp

le
m
en
ta
tio

n
(n
¼
23
)

N
o
su
pp

le
m
en
ta
tio

n
(n
¼
17
)

p
Va
lu
e

Su
pp

le
m
en
ta
tio

n
(n
¼
23
)

N
o
su
pp

le
m
en
ta
tio

n
(n
¼
17
)

p
Va
lu
e

5-
M
TH

F
(n
m
ol
/L
)

45
.1
±
18
.8

31
.1
±
15
.9

<
.0
1

67
.3
±
21
.5

49
.1
±
18
.2

<
.0
1

1.
66

±
0.
14

1.
79

±
0.
18

.7
7

FA
(n
m
ol
/L
)

3.
4
±
9.
0

3.
3
±
10
.3

.4
9

0.
4
±
0.
6

0.
3
±
0.
3

.2
5

0.
72

±
0.
25

0.
42

±
0.
08

.8
2

TH
F
(n
m
ol
/L
)

0.
5
±
0.
3

0.
4
±
0.
3

.3
1

2.
6
±
2.
4

1.
9
±
1.
2

.1
2

5.
80

±
1.
02

4.
59

±
1.
19

.4
3

5,
10
-M

et
he
ny
lT

H
F
(n
m
ol
/L
)

0.
7
±
0.
4

0.
7
±
0.
1

.4
4

1.
0
±
0.
3

1.
0
±
0.
5

.4
4

1.
50

±
0.
10

1.
53

±
0.
16

.8
8

5-
M
TH

F:
5-
m
et
hy
lte
tr
ah
yd
ro
fo
la
te
;F
A:

fo
lic

ac
id
:T
H
F:
te
tr
ah
yd
ro
fo
la
te
.

St
ud

en
t’s

t
te
st

co
m
pa
re
d
th
e
m
ea
n
co
nc
en
tr
at
io
ns

be
tw
ee
n
pr
eg
na
nt

w
om

en
an
d
co
rd

bl
oo
d.

Ra
tio

s
(c
or
d
bl
oo
d
ve
rs
us

pr
eg
na
nt

w
om

en
)
ar
e
gi
ve
n
w
ith

st
an
da
rd

er
ro
rs
;p

va
lu
es

fo
r
di
ffe

re
nc
e
ar
e
ca
lc
ul
at
ed

vi
a

z
te
st
.

a V
al
ue
s
ar
e
ex
pr
es
se
d
as

m
ea
ns

w
ith

st
an
da
rd

de
vi
at
io
ns
.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE 5



increased risk of neural tube defects, African
Americans have the lowest incidence of neural tube
defects among the three races studied [23]. This para-
dox suggests the possibility of a genetically mediated

efficiency in folate metabolism in regards to first-tri-
mester organogenesis. However, other studies imply
that this lower folate status in African Americans may
play a role in their increased prevalence of late

Table 3. Racial differences in maternal and cord blood folatesa.
Pregnant women Cord blood

African American (n¼ 18) Caucasian (n¼ 12) Latina (n¼ 10) African American (n¼ 18) Caucasian (n¼ 12) Latina (n¼ 10)

5-MTHF (nmol/L) 30.1 ± 14.0 53.4 ± 18.8 40.8 ± 18.2 46.0 ± 14.5 71.8 ± 17.0 69.6 ± 24.4
FA (nmol/L) 2.7 ± 8.6 3.1 ± 8.0 4.4 ± 12.2 0.4 ± 0.4 0.5 ± 0.8 0.4 ± 0.2
THF (nmol/L) 0.5 ± 0.2 0.5 ± 0.4 0.4 ± 0.3 2.0 ± 2.1 3.0 ± 2.4 2.1 ± 1.4
5,10-Methenyl THF (nmol/L) 0.7 ± 0.04 0.7 ± 0.05 0.7 ± 0.05 0.9 ± 0.1 1.2 ± 0.4 1.2 ± 0.6

5-MTHF: 5-methyltetrahydrofolate; FA: folic acid: THF: tetrahydrofolate.
Student’s t test compared the mean concentrations between pregnant women and cord blood. Significant p values are mentioned in the text.
aValues are expressed as means with standard deviations.
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Figure 1. The effect of supplementation on plasma folates by race. This figure compares the differential response to prenatal vita-
min use between African American samples (supplemented, n¼ 9; unsupplemented, n¼ 9) and combined Caucasian and Latina
samples (supplemented, n¼ 14; unsupplemented, n¼ 8) on plasma 5MTHF concentrations, for both maternal and cord blood.�The difference seen with supplementation was significant for Caucasian and Latina women in both maternal (p< .02) and cord
blood (p< .03), while it was not significant for African American blood samples (maternal, p< .93; cord blood, p< .3).

Figure 2. Correlation between maternal and cord blood plasma 5MTHF. This figure presents graphs that correlate the maternal
plasma 5MTHF (x-axis) concentrations (nmol/L) to umbilical cord plasma 5MTHF concentrations (y-axis); graphs b and c look at
the same correlation without and with maternal prenatal vitamin supplementation, respectively. Bivariate linear regression analysis
with r values representing Pearson’s correlation coefficients. p Values were calculated using Student’s t test.
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pregnancy complications, such as preterm birth
[28–31] and preeclampsia [32,33]. It remains unclear
how lower folate concentrations may improve out-
comes in early pregnancy but contribute to complica-
tions seen later in gestation; perhaps a subtlety in
folate metabolism that has yet to be elucidated may
explain this phenomenon. One possibility may align
with a current theory proposing that darker melanin
prevents UV-mediated folate degradation in the circu-
lation at the dermal layer [34]; given African American
women with darker melanin are less susceptible to fol-
ate oxidation, they may need lower levels of folates to
promote proper embryo development and pregnancy
health compared to lighter-skinned mothers.

In terms of supplementation, prenatal vitamin use
increased the folate 5MTHF concentrations in cord
blood; supplementation also made the maternal con-
centrations of 5MTHF more predictive of folate con-
centrations. However, some maternal and cord blood
concentrations remained low despite supplementation.
Conversely, in the unsupplemented group, as the dis-
tribution was more scattered, some maternal samples
with low folate concentrations interestingly translated
into higher cord blood levels than the correlation with
supplementation would otherwise predict. In both
cases, this study suggests that potential intrinsic
physiologic processes may regulate folate transfer to
the fetus, independent of dietary and supplementation
habits.

The three outliers in maternal folic acid concentra-
tions require further consideration. The persistence of
high levels of unmetabolized folic acid in maternal
blood suggests a surplus and the possibility that a
subset of the population may not efficiently process
this increased supply [35]. However, despite the high
levels observed in maternal plasma, corresponding
cord blood values did not vary from the mean as dra-
matically. This implies that despite aberrant maternal
folic acid metabolism, the transfer of folic acid to the
fetus remains highly regulated.

This study’s main strength is that it prospectively
recruited patients, with a varied representation of
racial groups and supplementation habits. As men-
tioned, it is the only study which seeks to look at
racial differences in cord blood folates, and the only
study to characterize the maternal–cord blood correla-
tions of multiple folate species. The concurrent meas-
urement of multiple different folate species, as
opposed to only analyzing total folate concentrations,
allowed for greater specificity in delineating differen-
ces in folate status.

While plasma folate is indicative of bioavailability,
one of the weaknesses of the study is the use of non-
fasting maternal plasma samples, which are vulnerable
to short term and inconsistent dietary habits. In the
future, the inclusion of erythrocyte folate profiles may
be beneficial in examining long-term status that is less
susceptible to diet. Also, prenatal vitamin use was
determined via self-report, and consistent use was not
verified at multiple points in the pregnancy.
Performing a validated dietary questionnaire, along-
side blood collection, may help explain how eating
habits inform the differences seen in folate
concentrations.

Furthermore, vitamin B12 levels were not measured
alongside the folate concentrations; vitamin B12 defi-
ciency is associated with impairment of methionine
synthase which can result in the accumulation of
5MTHF. It is unlikely to affect supplemented mothers,
as most formulations have 6 lg of vitamin B12; with
unsupplemented mothers, however, it may falsely ele-
vate 5MTHF levels, diminishing differences seen within
the cohort [36]. Nonetheless, vitamin B12 deficiency
clinically manifests as megaloblastic anemia, which
was part of the exclusion criteria for the study, and it
is unlikely any of the mothers in this study
were affected.

Additionally, a high proportion of the cohort was
obese, which may be associated with altered pharma-
cokinetics of folic acid and may have affected the

Table 4. Correlation between maternal and cord blood folatesa.
5 MTHF Folic acid THF 5,10-Methenyl THF

r Value p Value r Value p Value r Value p Value r Value p Value

Race
African American (n¼ 18) 0.52 .02 0.18 .49 �0.07 .79 0.21 .41
Caucasian (n¼ 12) 0.66 .04 �0.02 .95 0.75 .01 0.33 .36
Latina (n¼ 10) 0.88 .002 0.14 .66 �0.17 .60 0.23 .48

Supplementation
Yes (n¼ 23) 0.85 <.0001 0.05 .83 0.37 .08 0.17 .44
No 0.46 .07 0.17 .51 �0.30 .24 0.21 .43
All (n¼ 40) 0.76 <.0001 0.07 .66 0.211 .19 0.19 .24

5-MTHF: 5-methyltetrahydrofolate; FA: folic acid: THF: tetrahydrofolate.
r Values represent Pearson’s correlation coefficients. p Values were calculated using Student’s t test.
aThe table looks at maternal and cord blood correlation for each folate isoform.
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trends seen among the mothers in this cohort [37,38].
However, controversy exists whether changes seen in
folate metabolism among obese women has to do
with total body weight or lean body mass [39] and
whether observed differences warrant additional sup-
plementation with folic acid and/or vitamin B12 [40].
Also, an initial assessment of our data found no correl-
ation between BMI and folate concentrations, with no
significant differences seen between mean 5MTHF
concentrations between obese (BMI � 30) and nonob-
ese mothers (p¼ .23). Nevertheless, a future study may
consider a larger cohort that can better elucidate pre-
viously observed trends with regard to folate signature
among obese mothers and delineate whether similar
racial differences exist within subcategories of obese
and non-obese women.

Finally, this study is limited by sample size. A larger
study population may help better characterize the
racial differences, alongside pregnancies affected by
birth outcomes potentially affected by folate defi-
ciency, such as congenital heart defects, neural tube
defects, preterm birth, and preeclampsia.

Eventually, this study emphasizes the need for fur-
ther investigation in elucidating racial differences,
exploring fetal folate utilization and optimizing peri-
natal outcomes through personalized folate repletion
strategies in the future.
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