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Maternal homocysteine and related B vitamins
as risk factors for low birthweight

Marije Hogeveen, MD; Henk J. Blom, PhD; Elisabeth H. van der Heijden, Ben A. Semmekrot, PhD;
Jan M. Sporken, MD; Per M. Ueland, PhD; Martin den Heijer, PhD

OBJECTIVE: We designed a large prospective study to explore the rela-
tionship between maternal homocysteine concentrations and related B
vitamins and birthweight.

STUDY DESIGN: Blood was sampled from pregnant women at 30-34
weeks of gestation and their newborn infants (n = 366).

RESULTS: Concentrations of all analytes were higher in umbilical cord
compared with maternal samples. Birthweight was related negatively to
maternal homocysteine (r = —0.12) but not related to maternal cobal-
amin, methylmalonic acid, and folate (r = 0.02, r = 0.06, and r =
0.04, respectively). Regression analysis revealed smoking (8 = —313;

95% confidence interval [CI], —479 to —149), gestational age (8 =
150; 95% Cl, 118-182), female sex (B = —146; 95% Cl, —256 to
—35), and parity (8 = 104; 95% Cl, 37—171) as strong determinants of
birthweight. Maternal homocysteine, cobalamin, methylmalonic acid,
and folate were not determinants of birthweight in multivariate analysis.

CONCLUSION: Maternal homocysteine and B vitamins are not related to
birthweight in a multivariate model that was adjusted for potential
confounders.
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H omocysteine and methionine and
related B vitamins like cobalamin
and folate have been shown to play a crit-
ical role in fetal nutrition, growth, and
development.'™ Several authors have
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described relationships among total ho-
mocysteine (tHcy), B vitamins, and
pregnancy complications or adverse
pregnancy outcomes. Elevated tHcy and
low B vitamin concentrations are associ-
ated with increased risk of neural tube de-
fects and pregnancy complications, such as
preeclampsia, recurrent early pregnancy
loss, and abruptio placentae.®”

Revealing possible and treatable fac-
tors for low birthweight (LBW) is of the
utmost importance because LBW in-
creases the risk of morbidity and death in
infancy.'” Associations between LBW
and chronic disease in adulthood, such
as hypertension, coronary heart disease,
stroke, or diabetes mellitus, have been
described.''""? Several studies demon-
strated an association between high ma-
ternal tHcy concentrations and risk of
having LBW offspring®'*'® and nega-
tive correlations between maternal ho-
mocysteine and birthweight.>'>'7 In
contrast, others have found either no dif-
ferences or even a positive association
between maternal tHcy and birth-
weight.zo'23 However, some of these
studies are relatively small.">"'® Others
use birthweight <2500 g as a cut-off
point instead of birthweight related to or
corrected for gestational age.**° Also,
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the different timing of maternal blood
sampling might contribute to inconsis-
tent results.>'*'>?>23

Several studies determined cobalamin
and/or folate concentrations together
with tHcy concentrations in relation to
birthweight.>'*'>!92** However, none
of these studies determined methylma-
lonic acid (MMA) concentration, which is
a sensitive marker of intracellular cobal-
amin, deficiency.

We collected plasma samples from
pregnant women and their offspring and
prospectively explored whether mater-
nal tHcy, folate, cobalamin, and MMA
are risk factors for LBW.

SUBJECTS AND METHODS
Participants

In the Netherlands, pregnant women
visit either a midwife or a gynecologist,
depending on medical and obstetric his-
tory or complications during pregnancy.
Delivery can take place at home or in the
hospital supported by the midwife (un-
complicated pregnancies and deliveries)
or in the hospital supported by a gyne-
cologist. In the Netherlands, approxi-
mately 70% of pregnant women deliver
in the hospital.
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( TABLE 1 ) Patients were included in our study
. - - when they visited the outpatient clinic of
Population characteristics of 366 maternal and umbilical samples the department of Obstetrics and Gyne-
Characteristic Mother Child cology at the Canisius Wilhelmina Hos-
Age at delivery, y? 33.3(30.7-35.5) — pital in Nijmegen, the Netherlands, from
Gestational age, wk o 39.7 (38.4-40.7) 2(?0.2-2004. All women wbq attended t.he
B e AT e clinic were potentially eligible. Our aim
alebbbdiab: . (3075-3855) was to study the relationship between
Total homocysteine, wmol/L* 5.5 (4.5-6.7) 5.8 (4.6-7.2) maternal homocysteine concentrations
Methylmalonic acid, wmol/L? 0.16 (0.13-0.22) 0.28 (0.24-0.37)° in the general population; therefore, we
Folate, nmol/L® 9.1 (6.1-16.4) 30 (21.7-45.9P have included pregnant women from
; ; this large regional hospital. Women with
Cobalamin, pmol/L? 179 (134-219) 208 (156-307) hi . . . .
igh-risk pregnancies or serious illnesses
Creatinine, umol/L* 45 (40-50) 54 (48-61)° themselves were referred to a tertiary
Primiparity, n/N 172/358 (48%) hospital, mostly at <30 weeks of gesta-
Smoking, /N 50/350 (14%) tion. They. were asked to parj[ic.ipate
TS —— Ppynya— when the time schedule of the clinician,
56 01 Iolic acig, n (57%) the nurses, and/or the administrative
Male sex, n/N - 159/363 (44%) worker allowed this. Approximately

2 Data are presented as median and interquartile range; ® Probability value < .01, comparing maternal and umbilical data with
the use of the 2-sample Wilcoxon rank-sum test.
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FIGURE
Curves represent the association of maternal concentrations
of total homocysteine, MMA, cobalamin, and folate
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25% of all women who delivered in this
hospital during the study period were in-
cluded. To check whether the included
women were representative for the en-
tire population that visited this hospital,
we randomly selected 500 additional
women from the same period and found
comparable results for maternal age, ges-
tational age, birthweight, and newborn
infant sex.

In the Netherlands, women are evalu-
ated routinely for irregular antibodies
between 30 and 34 weeks of gestation.
After written informed consent had been
obtained, 478 maternal blood samples
were drawn during routine blood sam-
pling of women between 30 and 34 weeks
of gestation. Only 8 mothers refused par-
ticipation after being asked. Of mothers
with blood samples, 386 women visited
the hospital for the delivery of their child
and delivered a total of 406 babies from
whom venous umbilical cord blood was
drawn (including 20 twin pairs). We
decided to exclude twin pregnancies be-
cause of a higher risk of lower birth-
weight in twins, which left 366 mother-
baby pairs.

All mothers were asked to fill out a
questionnaire. The study protocol was
approved by the local medical ethics
commiittee.

Blood sampling

Maternal venous blood was collected in
tubes that contained 3.5 mL ethylenedia-
minetetraacetic acid (EDTA). Immedi-
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TABLE 2
Different analyses to study determinants of birthweight in our population
B coefficient (95% CI)?
Possible determinant Model 1° Model 2° Model 3¢

Gestational age, wk

150 (118-182)

Maternal age at delivery, y

-35(-1710 10)

-3.6 (-16 10 8.7)

-8.3(-22105.2)

Parity, 0-7

56 (-8 to 121)

60 (1.9-119)

104 (37-171)

Smoking, no/yes —286 (—450 to -122) —-261 (-410t0 -112) —-313 (—479 to —149)
Use of folic acid, no/yes 11 (=107 to 129) 13.6 (94 t0 121) —64 (—186 to 56)
Female sex, no/yes —-150 (263 to —36) —149 (252 to —46) —146 (256 to —35)
Total homocysteine, 1 SD = 2.3 wmol/L® —65 (-122t0-7.4) —56 (-108 to —4.5) —12 (-82 to 58)

Cobalamin, 1 SD = 69 pmol/L®

-33 (<90 to 24)

-37 (<100 to 29)

Methylmalonic acid, 1 SD = 0.09 wmol/L®

9.5 (-54 10 73)

~29 (-81 10 23)
(45 to 69)

9.2 (-51 to 70)

Folate, 1 SD = 13 nmol/L®

45 (<12 10 102)

12
55 (3.5-107)

28 (~78 t0 133)

Creatinine, 1 SD = 7.5 pumol/L®

-55(-11210 2.9)

-45 (98 t0 7.1)

—44 (<104 10 17)

Cl, confidence interval; SD, standard deviation.

2 The coefficients give the increase/decrease in birthweight () for several variables; ® Univariate analysis of possible determinants on birthweight; © Univariate analysis of possible determinants on
standardized birthweights; ¢ Multivariate analysis of possible determinants on standardized birthweights; ¢ Coefficients that are presented for maternal concentrations were calculated with calculated
Z scores of these metabolites and now represent the increase or decrease in birthweight (g) after a 1 SD increase in maternal analytes.
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ately after birth, the umbilical cord was
clamped, and venous cord blood was
collected into a vacuum tube that con-
tained 3.5 mL EDTA. Samples from
mothers and cords were immediately
placed on ice. After centrifugation
(within 2 hours after sampling), plasma
was separated, and EDTA plasma and
blood cells were stored separately at
—20°C until analysis.

Biochemical analyses

tHcy, folate, cobalamin, and MMA acid
concentrations were determined in both
maternal and umbilical cord EDTA
plasma. Plasma tHcy was determined by
liquid chromatography-mass spectrom-
etry-mass spectrometry. Deuterated ho-
mocysteine was added as an internal
standard, and samples were treated with
dithioerythritol followed by acid precip-
itation. Supernatants were analyzed by
reversed-phase chromatography. The
between-day coefficient of variation was
approximately 5%. The method has been
validated against existing methods ac-
cording to the protocol described by
Nexo et al*® and shows excellent correla-
tion with a method based on high perfor-
mance liquid chromatography and fluo-
rescence detection.”® Plasma folate
concentrations were determined by a

Lactobacillus casei microbiologic assay,>’
and plasma cobalamin concentrations
were determined by a L rhamnosus mi-
crobiologic assay.”® Both the folate and
the cobalamin assays were adapted to a mi-
crotiter plate format and carried out by a
robotic workstation (Microlab AT plus 2;
Hamilton Bonaduz AG, Bonaduz, Swit-
zerland).? Plasma MMA values were mea-
sured with a liquid chromatography tan-
dem mass spectrometry method.>

Statistical analyses

Results are presented as median values
with the interquartile range, except when
otherwise stated. After logarithmic
transformation, Z scores for variables
were calculated before further analysis.
Linear regression was used to determine
predictors of birthweight. Because birth-
weight and gestational age were strongly
related, we calculated birthweights that
were standardized for gestational age.
Again, linear regression analyses were
performed with the standardized birth-
weights as dependent variables. To reveal
nonlinear relations, association curves
were constructed to show associations
between maternal concentrations and
birthweight, with the use of Gaussian
generalized additive regression models.
Correlations between variables were cal-
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culated by Pearson correlation after log-
arithmic transformation of data. STATA
statistical software (version 10.0; Stata
Corporation, College Station, TX) was
used for all statistical analyses.

RESULTS

Population characteristics

Population characteristics that include
blood indices are presented in Table 1.
Babies were born at or near term. All ma-
ternal analytes were lower, compared
with umbilical analyte concentrations.

Maternal tHcy concentrations, related
B vitamins, and birthweight
Possible relations between maternal
tHcy, cobalamin, MMA, and folate con-
centrations with birthweight are shown
as regression model curves (Figure).
There were no significant correlations
between birthweight and maternal
MMA (r = 0.02), cobalamin (r = —0.06),
or folate (r = 0.04; Pearson correlation
coefficients, all probability values > .15).
Maternal tHcy showed a slight negative
association with birthweight (r = -0.12;
P =.03).

Table 2 shows the association between
several possible determinants and birth-
weight. Univariate analysis revealed



Odds ratios for low birthweight,
according to maternal
plasma indices

Odds ratio
Variable (95% CI)
Total homocysteine 1.17 (0.70-1.95)
>6.71 wmol/L
Cobalamin <134 0.70 (0.44-1.11)
pmol/L
Methylmalonic acid 0.93 (0.48-1.79)
>0.22 wmol/L
Folate <6.11 1.35 (0.93-1.96)
nmol/L
Creatinine >49.7 1.34 (0.89-2.01)
umol/L

The risk of birthweight being in the lowest quartile that
was determined in our study (<3075 g) was deter-
mined for maternal concentrations of total homocys-
teine, methylmalonic acid, and creatinine in the highest
quartile and folate and cobalamin in the lowest quartile,
compared with the other 3 quartiles together.

Cl, confidence interval.

Hogeveen. Maternal homocysteine, related B
vitamins, and low birthweight. Am ] Obstet Gynecol
2010.

smoking to be the strongest predictor of
birthweight; babies of smoking mothers
had birthweights approximately 300 g
lower than those of nonsmoking moth-
ers. Gestational age and newborn infant
sex were weaker determinants of birth-
weight. An increase in maternal tHcy
level of 1 SD (2.3 wmol/L) resulted in a
decrease in birthweight of 65 g. With the
use of birthweights that had been stan-
dardized for gestational age, smoking
and sex remained the strongest determi-
nants in univariate and multiple linear
regression analysis. The relationship be-
tween tHcy and standardized birth-
weight disappeared after the introduc-
tion of smoking into the model. There
was no difference in results between
women with or without folic acid use,
considering the relation between mater-
nal homocysteine and birthweight (data
not shown). Maternal folate, cobalamin,
and MMA were not associated signifi-
cantly with LBW. Analysis of umbilical
cord blood analytes and birthweight did
not reveal a clear relation in univariate or
multiple regression analysis (data not
shown).

We also analyzed whether high mater-
nal concentrations of tHcy, MMA, and

creatinine or low concentrations of co-
balamin or folate were predictors of
LBW. However, we did not find signifi-
cant odds ratios (Table 3).

COMMENT

We prospectively studied the potential
relationship between maternal tHcy, re-
lated B vitamins, and risk of LBW in a
large Dutch study population of preg-
nant women. We focused on maternal
concentrations because our aim was to
explore possible treatable risk factors for
LBW. Maternal tHcy, folate, cobalamin,
and MMA concentrations were not asso-
ciated significantly with Dbirthweight.
Gestational age, smoking, and sex were
all strong determinants of birthweight,
as previously observed by others.”>'°

Study population and design

There are limitations of the present
study. First, we collected samples from 1
hospital. Although it is a large regional
hospital in the Netherlands, one cannot
extrapolate these results directly for all
pregnant women. Furthermore, data on
length and weight of the infant and
blood pressure of the mother or other
vascular complications before or during
pregnancy were not known. These traits
may be related to tHcy and B vitamins
and hence be potential confounders. De-
spite this, our study population seems to
be comparable with study populations of
others, with respect to gestational age,
maternal age, and birthweight.***® LBW
is often defined as weight <2500 g. Be-
cause birthweight and gestational age are
correlated strongly, we used birth-
weights that were standardized for gesta-
tional age in our analyses. To study ma-
ternal cobalamin status more accurately,
we also determined MMA concentra-
tions, which reflects intracellular cobal-
amin status. We have studied maternal
variables in blood drawn between 30-34
weeks of gestation, which can be consid-
ered a narrow window. Milman et al’’
describe concentrations of tHcy, cobal-
amin, MMA, and folate in 434 Danish
women at 32 weeks of gestation. They
measured concentrations that are com-
parable to our data (Table I; birthweight
was not studied). Several other authors
have addressed maternal homocysteine

Obstetrics

concentrations throughout pregnancy
(Murphy et al,'”*® Andersson et al,*
Walker et al*°). They observed that mater-
nal concentrations are correlated through-
out pregnancy, may decrease at first, seem
to plateau between 20 and 32 weeks of ges-
tation, and may increase at labor.'”***°
This suggests that taking maternal samples
between 30 and 34 weeks of gestation
should be a period with stable homocys-
teine concentrations.

Determinants of birthweight

Univariate analysis showed that gesta-
tional age, smoking, and sex were the
strongest determinants of birthweight.
In normal pregnancy, there is a strong
positive correlation between birthweight
and gestational age.”’ Boys normally
have a slightly higher birthweight than
girls.”*> Smoking is a well-known
strong and dose-dependent risk factor

for LBW, as confirmed in our
study.’>***! Parity, which has been
32,35

shown to be related to birthweight,
was also found by us to be a determinant
next to smoking and sex. The risk of
LBW increases again with the fourth and
subsequent children.*>>**

Observational studies have demon-
strated a positive correlation between
maternal serum or red blood cell folate
and infant birthweight or higher birth-
weight in folic acid—supplemented
mothers.”****® Others, however, have
described no differences in birthweight
between infants born to mothers who re-
ceive folic acid supplements, compared
with nonsupplemented mothers.'®*® In
line with these results, neither the use of
folic acid in early pregnancy nor mater-
nal folate concentrations influenced
birthweight in our study.

Univariate analyses show an inverse
association between maternal tHcy and
birthweight, which disappeared after ad-
justment for smoking and in multivari-
ate analysis. Smoking is associated with
lower birthweight and with higher tHcy
concentrations and is a possible con-
founder, which is a good explanation
for the loss of association described
earlier 3334414748

In this well-nourished and partly sup-
plemented Dutch population, maternal
tHcy and related B vitamins are not as-
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sociated with birthweight. The question
remains whether birthweight is influ-
enced by these analytes in other popula-
tions with no widespread use of folicacid
supplement during pregnancy.

Analyte concentrations

We observed higher concentrations of
tHcy, cobalamin, MMA, and folate in
umbilical cord blood, compared with
maternal blood samples. Some studies
reported lower or similar tHcy concen-
trations in umbilical cord samples than
in maternal samples.>'*'®***° In most
studies, maternal blood was drawn at or
immediately after delivery; in our study,
maternal samples were drawn between
30 and 34 weeks of gestation. Murphy et
al'” showed lower maternal tHcy con-
centrations at 32 weeks, compared with
maternal tHcy at delivery and in fetal
cord samples. Differences in study de-
sign and time of sampling may be re-
sponsible for differences in results. The
higher umbilical cord blood concentra-
tions of folate and cobalamin could re-
sult from active placental transport and
the ability to concentrate vitamins in the
fetus.®>' Umbilical MMA concentra-
tions are also higher than maternal con-
centrations, which confirms the results
from Obeid and Hermann.”?

In conclusion, our relatively large
study demonstrated that maternal tHcy
and related B vitamins have a weak or
even no association with birthweight. M
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