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BSTETRICS

aternal homocysteine and related B vitamins
s risk factors for low birthweight
arije Hogeveen, MD; Henk J. Blom, PhD; Elisabeth H. van der Heijden, Ben A. Semmekrot, PhD;

an M. Sporken, MD; Per M. Ueland, PhD; Martin den Heijer, PhD
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BJECTIVE: We designed a large prospective study to explore the rela-
ionship between maternal homocysteine concentrations and related B
itamins and birthweight.

TUDY DESIGN: Blood was sampled from pregnant women at 30-34
eeks of gestation and their newborn infants (n � 366).

ESULTS: Concentrations of all analytes were higher in umbilical cord
ompared with maternal samples. Birthweight was related negatively to
aternal homocysteine (r � –0.12) but not related to maternal cobal-

min, methylmalonic acid, and folate (r � 0.02, r � 0.06, and r �
bstet Gynecol 2010;202:572.e1-6.
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5% confidence interval [CI], –479 to –149), gestational age (� �
50; 95% CI, 118–182), female sex (� � –146; 95% CI, –256 to
35), and parity (� � 104; 95% CI, 37–171) as strong determinants of
irthweight. Maternal homocysteine, cobalamin, methylmalonic acid,
nd folate were not determinants of birthweight in multivariate analysis.

ONCLUSION: Maternal homocysteine and B vitamins are not related to
irthweight in a multivariate model that was adjusted for potential
onfounders.

ey words: birthweight, cobalamin, folate, homocysteine,

.04, respectively). Regression analysis revealed smoking (� � –313; methylmalonic acid
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omocysteine and methionine and
related B vitamins like cobalamin

nd folate have been shown to play a crit-
cal role in fetal nutrition, growth, and
evelopment.1-5 Several authors have
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escribed relationships among total ho-
ocysteine (tHcy), B vitamins, and

regnancy complications or adverse
regnancy outcomes. Elevated tHcy and

ow B vitamin concentrations are associ-
ted with increased risk of neural tube de-
ects and pregnancy complications, such as
reeclampsia, recurrent early pregnancy

oss, and abruptio placentae.6-9

Revealing possible and treatable fac-
ors for low birthweight (LBW) is of the
tmost importance because LBW in-
reases the risk of morbidity and death in
nfancy.10 Associations between LBW
nd chronic disease in adulthood, such
s hypertension, coronary heart disease,
troke, or diabetes mellitus, have been
escribed.11-13 Several studies demon-
trated an association between high ma-
ernal tHcy concentrations and risk of
aving LBW offspring8,14-19 and nega-
ive correlations between maternal ho-

ocysteine and birthweight.3,15-17 In
ontrast, others have found either no dif-
erences or even a positive association
etween maternal tHcy and birth-
eight.20-23 However, some of these

tudies are relatively small.15-18 Others
se birthweight �2500 g as a cut-off
oint instead of birthweight related to or
nal age.8,20 Also, i
he different timing of maternal blood
ampling might contribute to inconsis-
ent results.8,14,16,22,23

Several studies determined cobalamin
nd/or folate concentrations together
ith tHcy concentrations in relation to
irthweight.3,14,15,19-21,24 However, none
f these studies determined methylma-

onic acid (MMA) concentration, which is
sensitive marker of intracellular cobal-

min, deficiency.
We collected plasma samples from

regnant women and their offspring and
rospectively explored whether mater-
al tHcy, folate, cobalamin, and MMA
re risk factors for LBW.

UBJECTS AND METHODS
articipants
n the Netherlands, pregnant women
isit either a midwife or a gynecologist,
epending on medical and obstetric his-
ory or complications during pregnancy.
elivery can take place at home or in the
ospital supported by the midwife (un-
omplicated pregnancies and deliveries)
r in the hospital supported by a gyne-
ologist. In the Netherlands, approxi-
ately 70% of pregnant women deliver
n the hospital.
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Patients were included in our study
hen they visited the outpatient clinic of

he department of Obstetrics and Gyne-
ology at the Canisius Wilhelmina Hos-
ital in Nijmegen, the Netherlands, from
002-2004. All women who attended the
linic were potentially eligible. Our aim
as to study the relationship between
aternal homocysteine concentrations

n the general population; therefore, we
ave included pregnant women from
his large regional hospital. Women with
igh-risk pregnancies or serious illnesses
hemselves were referred to a tertiary
ospital, mostly at �30 weeks of gesta-
ion. They were asked to participate
hen the time schedule of the clinician,

he nurses, and/or the administrative
orker allowed this. Approximately
5% of all women who delivered in this
ospital during the study period were in-
luded. To check whether the included
omen were representative for the en-

ire population that visited this hospital,
e randomly selected 500 additional
omen from the same period and found

omparable results for maternal age, ges-
ational age, birthweight, and newborn
nfant sex.

In the Netherlands, women are evalu-
ted routinely for irregular antibodies
etween 30 and 34 weeks of gestation.
fter written informed consent had been
btained, 478 maternal blood samples
ere drawn during routine blood sam-
ling of women between 30 and 34 weeks
f gestation. Only 8 mothers refused par-
icipation after being asked. Of mothers
ith blood samples, 386 women visited

he hospital for the delivery of their child
nd delivered a total of 406 babies from
hom venous umbilical cord blood was
rawn (including 20 twin pairs). We
ecided to exclude twin pregnancies be-
ause of a higher risk of lower birth-
eight in twins, which left 366 mother-
aby pairs.
All mothers were asked to fill out a

uestionnaire. The study protocol was
pproved by the local medical ethics
ommittee.

lood sampling
aternal venous blood was collected in

ubes that contained 3.5 mL ethylenedia-
FIGURE
Curves represent the association of maternal concentrations
of total homocysteine, MMA, cobalamin, and folate
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olid lines represent mean values; thin lines represent 95% CI. Curves were fitted by Gaussian
eneralized additive regression models.
I, confidence interval; MMA, methylmalonic acid.

ogeveen. Maternal homocysteine, related B vitamins, and low birthweight. Am J Obstet Gynecol 2010.
TABLE 1
Population characteristics of 366 maternal and umbilical samples
Characteristic Mother Child

Age at delivery, ya 33.3 (30.7–35.5) —
..............................................................................................................................................................................................................................................

Gestational age, wka — 39.7 (38.4–40.7)
..............................................................................................................................................................................................................................................

Birthweight, ga — 3425 (3075–3855)
..............................................................................................................................................................................................................................................

Total homocysteine, �mol/La 5.5 (4.5–6.7) 5.8 (4.6–7.2)b
..............................................................................................................................................................................................................................................

Methylmalonic acid, �mol/La 0.16 (0.13–0.22) 0.28 (0.24–0.37)b
..............................................................................................................................................................................................................................................

Folate, nmol/La 9.1 (6.1–16.4) 30 (21.7–45.9)b
..............................................................................................................................................................................................................................................

Cobalamin, pmol/La 179 (134–219) 208 (156–307)b
..............................................................................................................................................................................................................................................

Creatinine, �mol/La 45 (40–50) 54 (48–61)b
..............................................................................................................................................................................................................................................

Primiparity, n/N 172/358 (48%)
..............................................................................................................................................................................................................................................

Smoking, n/N 50/350 (14%)
..............................................................................................................................................................................................................................................

Use of folic acid, n/N 198/347 (57%)
..............................................................................................................................................................................................................................................

Male sex, n/N — 159/363 (44%)
..............................................................................................................................................................................................................................................
a Data are presented as median and interquartile range; b Probability value � .01, comparing maternal and umbilical data with

the use of the 2-sample Wilcoxon rank-sum test.

Hogeveen. Maternal homocysteine, related B vitamins, and low birthweight. Am J Obstet Gynecol 2010.
inetetraacetic acid (EDTA). Immedi-

an Journal of Obstetrics & Gynecology 572.e2
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tely after birth, the umbilical cord was
lamped, and venous cord blood was
ollected into a vacuum tube that con-
ained 3.5 mL EDTA. Samples from

others and cords were immediately
laced on ice. After centrifugation
within 2 hours after sampling), plasma
as separated, and EDTA plasma and
lood cells were stored separately at
20°C until analysis.

iochemical analyses
Hcy, folate, cobalamin, and MMA acid
oncentrations were determined in both
aternal and umbilical cord EDTA

lasma. Plasma tHcy was determined by
iquid chromatography-mass spectrom-
try-mass spectrometry. Deuterated ho-
ocysteine was added as an internal

tandard, and samples were treated with
ithioerythritol followed by acid precip-

tation. Supernatants were analyzed by
eversed-phase chromatography. The
etween-day coefficient of variation was
pproximately 5%. The method has been
alidated against existing methods ac-
ording to the protocol described by
exo et al25 and shows excellent correla-

ion with a method based on high perfor-
ance liquid chromatography and fluo-

escence detection.26 Plasma folate

TABLE 2
Different analyses to study determ

Possible determinant

Gestational age, wk
...................................................................................................................

Maternal age at delivery, y
...................................................................................................................

Parity, 0-7
...................................................................................................................

Smoking, no/yes
...................................................................................................................

Use of folic acid, no/yes
...................................................................................................................

Female sex, no/yes
...................................................................................................................

Total homocysteine, 1 SD � 2.3 �mol/Le

...................................................................................................................

Cobalamin, 1 SD � 69 pmol/Le

...................................................................................................................

Methylmalonic acid, 1 SD � 0.09 �mol/Le

...................................................................................................................

Folate, 1 SD � 13 nmol/Le

...................................................................................................................

Creatinine, 1 SD � 7.5 �mol/Le

...................................................................................................................

CI, confidence interval; SD, standard deviation.
a The coefficients give the increase/decrease in birthweight (g

standardized birthweights; d Multivariate analysis of possible
Z scores of these metabolites and now represent the increas

Hogeveen. Maternal homocysteine, related B vitamins, an
oncentrations were determined by a C

72.e3 American Journal of Obstetrics & Gynecolo
actobacillus casei microbiologic assay,27

nd plasma cobalamin concentrations
ere determined by a L rhamnosus mi-

robiologic assay.28 Both the folate and
he cobalamin assays were adapted to a mi-
rotiter plate format and carried out by a
obotic workstation (Microlab AT plus 2;
amilton Bonaduz AG, Bonaduz, Swit-

erland).29 PlasmaMMAvaluesweremea-
ured with a liquid chromatography tan-
em mass spectrometry method.30

tatistical analyses
esults are presented as median values
ith the interquartile range, except when
therwise stated. After logarithmic
ransformation, Z scores for variables
ere calculated before further analysis.
inear regression was used to determine
redictors of birthweight. Because birth-
eight and gestational age were strongly

elated, we calculated birthweights that
ere standardized for gestational age.
gain, linear regression analyses were
erformed with the standardized birth-
eights as dependent variables. To reveal
onlinear relations, association curves
ere constructed to show associations
etween maternal concentrations and
irthweight, with the use of Gaussian
eneralized additive regression models.

nts of birthweight in our population
� coefficient (95% CI)a

Model 1b Model

150 (118–182) —
.........................................................................................................................

–3.5 (–17 to 10) –3.6
.........................................................................................................................

56 (–8 to 121) 60 (
.........................................................................................................................

–286 (–450 to –122) –261 (
.........................................................................................................................

11 (–107 to 129) 13.6
.........................................................................................................................

–150 (–263 to –36) –149 (
.........................................................................................................................

–65 (–122 to –7.4) –56 (
.........................................................................................................................

–33 (–90 to 24) –29 (
.........................................................................................................................

9.5 (–54 to 73) 12 (
.........................................................................................................................

45 (–12 to 102) 55 (
.........................................................................................................................

–55 (–112 to 2.9) –45 (
.........................................................................................................................

several variables; b Univariate analysis of possible determinants
rminants on standardized birthweights; e Coefficients that are pres
decrease in birthweight (g) after a 1 SD increase in maternal ana

birthweight. Am J Obstet Gynecol 2010.
orrelations between variables were cal- w

gy JUNE 2010
ulated by Pearson correlation after log-
rithmic transformation of data. STATA
tatistical software (version 10.0; Stata
orporation, College Station, TX) was
sed for all statistical analyses.

ESULTS
opulation characteristics
opulation characteristics that include
lood indices are presented in Table 1.
abies were born at or near term. All ma-

ernal analytes were lower, compared
ith umbilical analyte concentrations.

aternal tHcy concentrations, related
vitamins, and birthweight

ossible relations between maternal
Hcy, cobalamin, MMA, and folate con-
entrations with birthweight are shown
s regression model curves (Figure).
here were no significant correlations
etween birthweight and maternal
MA (r � 0.02), cobalamin (r � – 0.06),

r folate (r � 0.04; Pearson correlation
oefficients, all probability values � .15).

aternal tHcy showed a slight negative
ssociation with birthweight (r � – 0.12;
� .03).
Table 2 shows the association between

everal possible determinants and birth-

Model 3d

—
..................................................................................................................

16 to 8.7) –8.3 (–22 to 5.2)
..................................................................................................................

119) 104 (37–171)
..................................................................................................................

0 to –112) –313 (–479 to –149)
..................................................................................................................

94 to 121) –64 (–186 to 56)
..................................................................................................................

2 to –46) –146 (–256 to –35)
..................................................................................................................

8 to –4.5) –12 (–82 to 58)
..................................................................................................................

to 23) –37 (–100 to 29)
..................................................................................................................

to 69) 9.2 (–51 to 70)
..................................................................................................................

107) 28 (–78 to 133)
..................................................................................................................

to 7.1) –44 (–104 to 17)
..................................................................................................................

irthweight; c Univariate analysis of possible determinants on
d for maternal concentrations were calculated with calculated
.

ina

2c

......... .........

(–
......... .........

1.9–
......... .........

–41
......... .........

(–
......... .........

–25
......... .........

–10
......... .........

–81
......... .........

–45
......... .........

3.5–
......... .........

–98
......... .........

) for on b
dete ente
e or lytes
eight. Univariate analysis revealed
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moking to be the strongest predictor of
irthweight; babies of smoking mothers
ad birthweights approximately 300 g

ower than those of nonsmoking moth-
rs. Gestational age and newborn infant
ex were weaker determinants of birth-
eight. An increase in maternal tHcy

evel of 1 SD (2.3 �mol/L) resulted in a
ecrease in birthweight of 65 g. With the
se of birthweights that had been stan-
ardized for gestational age, smoking
nd sex remained the strongest determi-
ants in univariate and multiple linear
egression analysis. The relationship be-
ween tHcy and standardized birth-
eight disappeared after the introduc-

ion of smoking into the model. There
as no difference in results between
omen with or without folic acid use,

onsidering the relation between mater-
al homocysteine and birthweight (data
ot shown). Maternal folate, cobalamin,
nd MMA were not associated signifi-
antly with LBW. Analysis of umbilical
ord blood analytes and birthweight did
ot reveal a clear relation in univariate or
ultiple regression analysis (data not

hown).
We also analyzed whether high mater-

TABLE 3
Odds ratios for low birthweight,
according to maternal
plasma indices

Variable
Odds ratio
(95% CI)

Total homocysteine
�6.71 �mol/L

1.17 (0.70–1.95)

...........................................................................................................

Cobalamin �134
pmol/L

0.70 (0.44–1.11)

...........................................................................................................

Methylmalonic acid
�0.22 �mol/L

0.93 (0.48–1.79)

...........................................................................................................

Folate �6.11
nmol/L

1.35 (0.93–1.96)

...........................................................................................................

Creatinine �49.7
�mol/L

1.34 (0.89–2.01)

...........................................................................................................

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.
CI, confidence interval.

Hogeveen. Maternal homocysteine, related B
vitamins, and low birthweight. Am J Obstet Gynecol
2010.
al concentrations of tHcy, MMA, and h
reatinine or low concentrations of co-
alamin or folate were predictors of
BW. However, we did not find signifi-
ant odds ratios (Table 3).

OMMENT
e prospectively studied the potential

elationship between maternal tHcy, re-
ated B vitamins, and risk of LBW in a
arge Dutch study population of preg-
ant women. We focused on maternal
oncentrations because our aim was to
xplore possible treatable risk factors for
BW. Maternal tHcy, folate, cobalamin,
nd MMA concentrations were not asso-
iated significantly with birthweight.
estational age, smoking, and sex were

ll strong determinants of birthweight,
s previously observed by others.31-35

tudy population and design
here are limitations of the present

tudy. First, we collected samples from 1
ospital. Although it is a large regional
ospital in the Netherlands, one cannot
xtrapolate these results directly for all
regnant women. Furthermore, data on

ength and weight of the infant and
lood pressure of the mother or other
ascular complications before or during
regnancy were not known. These traits
ay be related to tHcy and B vitamins

nd hence be potential confounders. De-
pite this, our study population seems to
e comparable with study populations of
thers, with respect to gestational age,
aternal age, and birthweight.24,36 LBW

s often defined as weight �2500 g. Be-
ause birthweight and gestational age are
orrelated strongly, we used birth-
eights that were standardized for gesta-

ional age in our analyses. To study ma-
ernal cobalamin status more accurately,
e also determined MMA concentra-

ions, which reflects intracellular cobal-
min status. We have studied maternal
ariables in blood drawn between 30-34
eeks of gestation, which can be consid-

red a narrow window. Milman et al37

escribe concentrations of tHcy, cobal-
min, MMA, and folate in 434 Danish
omen at 32 weeks of gestation. They
easured concentrations that are com-

arable to our data (Table I; birthweight
as not studied). Several other authors

ave addressed maternal homocysteine t

JUNE 2010 Americ
oncentrations throughout pregnancy
Murphy et al,17,38 Andersson et al,39

alker et al40). They observed that mater-
al concentrations are correlated through-
ut pregnancy, may decrease at first, seem
o plateau between 20 and 32 weeks of ges-
ation, and may increase at labor.17,38-40

his suggests that taking maternal samples
etween 30 and 34 weeks of gestation
hould be a period with stable homocys-
eine concentrations.

eterminants of birthweight
nivariate analysis showed that gesta-

ional age, smoking, and sex were the
trongest determinants of birthweight.
n normal pregnancy, there is a strong
ositive correlation between birthweight
nd gestational age.31 Boys normally
ave a slightly higher birthweight than
irls.31,35 Smoking is a well-known
trong and dose-dependent risk factor
or LBW, as confirmed in our
tudy.33,34,41 Parity, which has been
hown to be related to birthweight,32,35

as also found by us to be a determinant
ext to smoking and sex. The risk of
BW increases again with the fourth and
ubsequent children.35,35,42

Observational studies have demon-
trated a positive correlation between

aternal serum or red blood cell folate
nd infant birthweight or higher birth-
eight in folic acid–supplemented
others.24,43-46 Others, however, have

escribed no differences in birthweight
etween infants born to mothers who re-
eive folic acid supplements, compared
ith nonsupplemented mothers.18,46 In

ine with these results, neither the use of
olic acid in early pregnancy nor mater-
al folate concentrations influenced
irthweight in our study.
Univariate analyses show an inverse

ssociation between maternal tHcy and
irthweight, which disappeared after ad-

ustment for smoking and in multivari-
te analysis. Smoking is associated with
ower birthweight and with higher tHcy
oncentrations and is a possible con-
ounder, which is a good explanation
or the loss of association described
arlier.33,34,41,47,48

In this well-nourished and partly sup-
lemented Dutch population, maternal

Hcy and related B vitamins are not as-

an Journal of Obstetrics & Gynecology 572.e4
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ociated with birthweight. The question
emains whether birthweight is influ-
nced by these analytes in other popula-
ions with no widespread use of folic acid
upplement during pregnancy.

nalyte concentrations
e observed higher concentrations of

Hcy, cobalamin, MMA, and folate in
mbilical cord blood, compared with
aternal blood samples. Some studies

eported lower or similar tHcy concen-
rations in umbilical cord samples than
n maternal samples.3,14,16,23,49 In most
tudies, maternal blood was drawn at or
mmediately after delivery; in our study,

aternal samples were drawn between
0 and 34 weeks of gestation. Murphy et
l17 showed lower maternal tHcy con-
entrations at 32 weeks, compared with
aternal tHcy at delivery and in fetal

ord samples. Differences in study de-
ign and time of sampling may be re-
ponsible for differences in results. The
igher umbilical cord blood concentra-
ions of folate and cobalamin could re-
ult from active placental transport and
he ability to concentrate vitamins in the
etus.50,51 Umbilical MMA concentra-
ions are also higher than maternal con-
entrations, which confirms the results
rom Obeid and Hermann.52

In conclusion, our relatively large
tudy demonstrated that maternal tHcy
nd related B vitamins have a weak or
ven no association with birthweight. f
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