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Maternal Homocysteine before Conception and
throughout Pregnancy Predicts Fetal
Homocysteine and Birth Weight

MIcHELLE M. MurpHY,"” JoHN M. Scott,? VICTORIA ARIJA,' ANNE M. MoLLoy,® and
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Background: Increased homocysteine has been associ-
ated with pregnancy complications.

Methods: We investigated prospectively the effect of
maternal homocysteine on normal pregnancy outcome.
The study included 93 women and their offspring; 39 of
the women took folic acid during the second and/or
third trimesters of pregnancy. We measured homocys-
teine at preconception; at weeks 8, 20, and 32 of preg-
nancy; during labor; and in the fetal cord; we also
recorded birth weight.

Results: Geometric mean (SE) maternal total homocys-
teine (tHcy) increased between 32 weeks of pregnancy
and labor [7.98 (1.05) mmol/L in unsupplemented
women and 6.26 (1.07) pmol/L in supplemented women;
P <0.0001 for both]. Fetal tHcy was lower than maternal
tHcy [6.39 (1.06) pmol/L in unsupplemented pregnan-
cies (P <0.0001), and 5.18 (1.06) umol/L in supplemented
pregnancies (P <0.05)]. Maternal tHcy was correlated
from preconception throughout pregnancy (8 weeks, r =
0.708; 20 weeks, r = 0.637; 32 weeks, r = 0.537; labor, r =
0.502; P <0.0001 for all time points) and with fetal tHcy
[preconception, r = 0.255 (P <0.05); 8 weeks, r = 0.321 (P
<0.01); 20 weeks, r = 0.469; 32 weeks, r = 0.550; labor,
r = 0.624 (P <0.0001)]. Mothers in the highest tHcy
tertile at 8 weeks of pregnancy were three times [odds
ratio, 3.26 (95% confidence interval, 1.05-10.13); P <0.05]
and at labor were four times [3.65 (1.15-11.56); P <0.05]
more likely to give birth to a neonate in the lowest birth
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weight tertile. Neonates of mothers in the highest tHcy
tertile at labor weighed, on average, 227.98 g less than
those of mothers in the low and medium tertiles (P =
0.014).

Conclusions: Supplemented mothers had lower tHcy at
labor than unsupplemented mothers, as did their neo-
nates. Maternal and fetal tHcy was significantly corre-
lated throughout the study. Neonates of mothers in the
highest tertile of homocysteine weighed less.

© 2004 American Association for Clinical Chemistry

Several case-control studies have reported an association
between increased maternal plasma total homocysteine
(tHcy)* and pregnancy complications (1-6). Such studies
have been repeatedly quoted as demonstrating an associ-
ation between increased maternal tHcy and pregnancy
complications. However, many of them have concluded
this by relating a tHcy measurement in the nonpregnant
state with a previous pregnancy complication (1, 2, 4). To
the best of our knowledge, no studies have investigated
the effect of tHcy measured longitudinally at preconcep-
tion and during each trimester of pregnancy on outcome.
It is not clear whether increased tHcy is the cause or
consequence of these complications. It is possible that
underlying mechanisms that occur when tHcy is in-
creased preconceptionally are expressed during preg-
nancy. This is difficult to investigate because, typically,
the first blood sample available for analysis is at the end
of the first trimester of pregnancy and because tHcy is not
routinely analyzed. tHcy is significantly decreased as a
physiologic response to pregnancy and is decreased even
further in mothers who use folic acid supplements (7).
The aim of this study was to investigate the effect of
maternal tHcy, preconceptionally and throughout preg-

4 Nonstandard abbreviations: tHcy, total homocysteine; BMI, body mass
index, 95% CI, 95% confidence interval; and OR, odds ratio.
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nancy, on outcome in uncomplicated pregnancies. We
had previously examined variations in tHcy in uncompli-
cated pregnancies in the same group of women from
preconception through weeks 8, 20, and 32 of pregnancy
(7). Here we report how these previously reported tHcy
concentrations relate to maternal concentrations at deliv-
ery and, more importantly, how they relate to the fetal
concentration as determined in the cord blood as well as
to pregnancy outcome.

Materials and Methods

The design and background to this study have been
explained in detail previously (7). Briefly, this was a
longitudinal study performed in the Unit of Preventive
Medicine and Public Health, Faculty of Medicine and
Health Sciences, Rovira i Virgili University in collabora-
tion with the Unit of Obstetrics and Gynecology of the
St. Joan Hospital, Reus. It formed part of a study on the
evolution of women'’s nutritional status preconceptionally
and throughout pregnancy. The study was performed
with the approval of the hospital’s ethics committee, and
signed informed consent in accordance with the Declara-
tion of Helsinki (8) was obtained from all participating
volunteers. Ninety-three healthy women (age range,
18-35 years) who were planning on becoming pregnant
participated in the study from the preconception period
throughout pregnancy.

SAMPLE COLLECTION AND ANALYSIS

Blood samples were drawn from the antecubital vein in
potassium EDTA-containing Vacutainer Tubes at precon-
ception (2-10 weeks before conception, between days 7
and 12 of the menstrual cycle); at 8, 20, and 32 weeks of
pregnancy; on admission to hospital with confirmed labor
(the length of time that passed between this sample and
birth varied in function of length of labor, but sample
collection was always before birth); and from the fetal
cord at birth. All blood samples were fasting with the
exception of those taken at labor and birth. Blood samples
were refrigerated before plasma separation by centrifuga-
tion. Cord blood and maternal bloods were refrigerated
immediately after collection, which stabilized their tHcy
concentrations (9). Plasma was then separated within a
maximum of 12 h and stored at —20°C. tHcy was
determined by the IMx homocysteine immunoassay (Ab-
bott GmbH). Volunteers attended a medical check-up
during which they were questioned on the use of vitamin
supplements and smoking habits on the same week as
blood sample collection. Neonate birth weight was re-
corded.

FOLIC ACID SUPPLEMENTATION

The decision on the use of folic acid supplements re-
mained the joint responsibility of the woman and her
obstetrician and has been described in detail previously
(7). At the time of the study (1992-1996), periconceptional
supplementation with folic acid was not common practice
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in Spain. Briefly, no women took folic acid supplements
during either the preconception period or the first trimes-
ter of pregnancy, and 54 women did not use folic acid
supplements throughout the entire study. Thirty-nine
women took folic acid supplements during the second
and/or third trimesters of pregnancy. The majority of
supplemented women took 0.5 mg of folic acid/day (34
during the second trimester and 33 during the third
trimester). Of the remaining women, three took 0.75-2.0
g/day and two took 15.25-15.5 mg/day. The doses for
these women were higher because they used different
brands of folic acid supplements available over the
counter, which varied considerably in dose. A wide
variety of low-dose folic acid supplements was not avail-
able at the time of the study.

STATISTICAL ANALYSIS

All statistical analyses were performed with SPSS (Ver.
11.5) software (SPSS, Inc.). tHcy data were log-trans-
formed to approach normalization when required for
statistical tests, and back-transformed results are shown.
A two-way repeated-measures ANOVA was initially
used to explore the effect of supplement use (intersubject
factor) on tHcy concentrations across time of pregnancy
(intrasubject factor). Because the interaction term was
significant, we analyzed the effect of time of pregnancy on
tHcy concentrations within each group (nested model). A
nonorthogonal repeated contrast was used to test the
significance of differences in tHcy means between consec-
utive time points of pregnancy.

Pearson linear correlation coefficients were determined
to assess associations between maternal preconception
tHcy with tHcy throughout pregnancy and between ma-
ternal tHcy throughout the study and fetal cord tHcy. The
Student unpaired t-test was used to compare mean birth
weight of neonates born to mothers in the highest tertile
of tHcy with that of those born to mothers in the low and
medium tertiles combined. Logistic regression analysis
was used to calculate the risk of having neonates in the
lowest birth weight tertile of this study for mothers in the
highest tHcy tertiles, adjusting for the following con-
founding factors: gestational age of fetus at birth, sex,
maternal body mass index (BMI), age, and smoking.
Multiple linear regression analysis was used to study the
difference in mean birth weight observed in neonates of
mothers in different tHcy tertiles when adjusted for the
same confounding factors listed previously. All P values
from post hoc analyses were Bonferroni-corrected. Signif-
icance for the two-tailed hypothesis was established at the
level of 0.05.

Results
Geometric mean tHcy concentrations at preconception,
throughout pregnancy, and during labor in mothers and
from fetal cord at birth in the unsupplemented and folic
acid-supplemented groups during the second and/or
third trimesters of pregnancy are shown in Fig. 1. As we
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Fig. 1. Geometric mean (SE; error bars) maternal tHcy at preconception
and during pregnancy, and fetal cord tHcy.

Unsupplemented group (A): preconception and 8 and 20 weeks of pregnancy
(n = 54); 32 weeks of pregnancy (n = 53); labor and fetal cord (n = 47). Group
taking folic acid supplements during the second and/or third trimesters (H):
preconception (n = 39); 8 and 20 weeks of pregnancy (n = 35); 32 weeks of
pregnancy (n = 38); labor (n = 37); fetal cord (n = 36). The data shown at
preconception and at 8, 20 and 32 weeks of pregnancy have been reported
previously (7). Two-way repeated-measures ANOVA (intrasubject factor, time of
pregnancy; intersubject factor, supplement use). Significance of interaction
between time of pregnancy and supplement use: P <0.001. Post hoc analysis by
repeated contrast with Bonferroni correction showed that tHcy was significantly
lower than preconception concentrations at 8, 20, and 32 weeks of pregnancy in
both groups and at labor in supplemented mothers (P <0.001), and was
significantly higher at labor than at 32 weeks in both groups (P <0.0001). tHcy
in the supplemented group was significantly lower than in the unsupplemented
group at 20 and 32 weeks of pregnancy and during labor (P <0.05). Comparing
difference in mean fetal cord and maternal tHey at labor: P <0.0001, unsupple-
mented; P <0.05, supplemented. ANOVA comparing difference in mean fetal
cord tHey between unsupplemented and supplemented groups, P <0.01.

reported previously (7), mean tHcy was significantly
decreased during the first two trimesters of pregnancy in
both groups (unsupplemented and folic acid-supple-
mented), reaching a plateau during the third trimester.
The new observation that we report here is that by labor
onset, tHcy had increased compared with 32 weeks of
gestation in both groups. The tHcy concentration at labor
was similar to the preconception concentration [mean
preconception concentration in all women, 8.53 wmol/L;
95% confidence interval (95% CI), 8.00-9.06 umol/L;
median, 8.21 umol/L; range, 4.30-22.35 umol/L] in the
unsupplemented group (mean concentration during la-
bor, 8.56 umol/L; 95% CI, 7.74-9.41 umol/L; median, 8.43
pmol/L; range, 4.21-18.32 umol/L), but it remained sig-
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nificantly lower than at preconception in the supple-
mented group (mean concentration during labor, 6.58
umol/L; 95% CI, 5.85-7.31 umol/L; median, 6.31 umol/L;
range, 1.42-10.99 umol/L). Fetal cord tHcy was also
significantly lower than maternal in both the unsupple-
mented (mean, 6.75 umol/L; 95% CI, 5.95-7.55 umol/L;
median, 6.18 umol/L; range, 3.28-14.05 umol/L) and
supplemented (mean, 540 pumol/L; 95% CI, 4.72-6.09
pmol/L; median, 5.19 pmol/L; range, 2.19-12.35
umol/L) groups. Compared with the unsupplemented
group, in the supplemented group tHcy was significantly
lower throughout the supplementation period and fetal
cord tHcy was also significantly lower.

The correlations between maternal tHcy before preg-
nancy with tHcy at each time point throughout pregnancy
are shown in Table 1, as are the correlations between
maternal tHcy throughout the study and fetal cord tHcy.
Preconception tHcy was significantly correlated with
pregnancy tHcy at each time point. Maternal tHcy at
preconception and throughout pregnancy was signifi-
cantly correlated with fetal cord tHcy.

Mean maternal and fetal tHcy was significantly lower
in the group supplemented with folic acid from midpreg-
nancy until the end. An important indicator of neonatal
health is birth weight. To investigate whether there was
an association between maternal tHcy and birth weight,
we divided the women into two groups derived from
tertiles of tHcy at each time point of the study: the
low-medium and high tertiles. We investigated whether
birth weight differed between neonates born to mothers
in the low-medium tertiles and those born to mothers in
the highest tertile of tHcy. The results are shown in Fig. 2.
Neonates born to mothers in the highest tHcy tertile
tended to have lower birth weights than those born to
mothers in the low-medium tertiles throughout the study.
The mean birth weight of neonates born to mothers in the
highest tertile of tHcy at preconception, 8 weeks of
pregnancy, and at labor was significantly lower than that
of neonates born to mothers in the low-medium tertiles.
However, these analyses were not adjusted for confound-
ing influences on birth weight, such as gestational age,
fetal sex, and maternal BMI, age, and smoking.

We therefore determined the odds ratios (ORs) of a

Table 1. Correlations® between maternal tHcy before conception and during pregnancy and between maternal tHcy
throughout the study and fetal cord tHcy.

Weeks of pregnancy

Preconception

Maternal preconception tHcy and tHcy
during pregnancy

Maternal tHey during study and fetal
cord tHey

0.255° (n = 80)

@ Pearson linear correlation coefficient.
b p <0.0001.

¢ P <0.05.

9p <0.01.

0.708” (n

0.321%(n

20 32 Labor
= 86) 0.637° (n = 88) 0.537° (n = 89) 0.502° (n = 81)
=79) 0.469° (n = 81) 0.550° (n = 81) 0.624° (n = 79)
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Fig. 2. Mean (SE) birth weight according to tertile of maternal tHcy.

[, low-medium tertiles. Preconception (n = 60); 8 weeks of pregnancy (n = 59);
20 and 32 weeks of pregnancy (n = 61); labor (n = 56). £, high tertile.
Preconception and 8, 20, and 32 weeks of pregnancy (n = 30); labor (n = 28).
By Student unpaired ttest, mean birth weight of neonates born to mothers in the
high tHcy tertile at preconception, 8 weeks of pregnancy, and at labor was
significantly lower than that of neonates born to mothers in the low-medium
tertiles: preconception and 8 weeks of pregnancy, P <0.05; during labor, P
<0.01.

Preconception 3 Labor

neonate being in the lowest body weight tertile (<3120 g)
of our study when maternal tHcy is in the highest tertile
compared with the low-mid tHcy tertiles for each time
point, using logistic regression analysis adjusting for
gestational age, fetal sex, and maternal BMI, age, and
smoking. The variables included in the regression analy-
sis are described in Table 2, and the adjusted ORs are
shown in Table 3. The ORs for lower birth weight were

Table 2. Description of variables included in multiple linear
and logistic regression analysis according to maternal tHcy
tertile at labor.

Low-Medium tertiles High tertile
n 56 28
Birth weight, g
Mean (95% Cl) 3381 (3269-3492) 3055 (2870-3240)
Range 2560-4690 1950-3800

Maternal tHcy, wmol/L
Mean (95% CI)
Range

Fetal cord tHcy, umol/L
Mean (95% Cl)

6.20 (5.80-6.60)
1.42-8.43

10.49 (9.64-11.34)
8.44-18.32

5.17 (4.75-5.60)  8.08 (6.98-9.19)

Range 2.19-12.35 3.09-14.05
Gestational age, days

Mean (95% Cl) 281 (279-283) 277 (272-283)

Range 268-313 236-295
Fetal sex, % male 55 43

Preconception BMI, kg/m?

Mean (95% Cl) 23.4 (22.6-24.2)  22.7 (21.8-23.6)

Range 19.7-34.4 19.0-27.4
Preconception age, years

Mean (95% Cl) 30 (29-30) 30 (29-31)

Range 24-36 24-35
Smokers,? % 9 11

2 All smoked <5 cigarettes/day throughout pregnancy.
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significantly higher for infants born to mothers in the high
tHcy tertile at 8 and 20 weeks of pregnancy and at labor
and for infants in the highest fetal cord tHcy tertile
compared with infants born to mothers in the low-
medium tHcy tertiles and in the lower tertiles for fetal
cord tHcy.

We next investigated the relationship between mater-
nal tHcy and birth weight (dependent variable), using
multiple linear regression analysis adjusting for the
known confounders listed above. The results are shown in
Table 4. Being in the highest tHcy tertile compared with
the low-medium tertiles was negatively associated with
birth weight throughout the study. This effect was signif-
icant in the case of maternal tHcy measured during labor
and in the case of fetal cord tHcy. The model predicts that
neonates born to mothers in the highest tHcy tertile at
labor would weigh, on average, 227.98 g less than infants
born to mothers in the low-medium tertiles.

Discussion

The decrease in tHcy that occurs in early pregnancy may
be attributable to a physiologic phenomenon resembling
an extension of the luteal phase of the menstrual cycle.
tHcy has been reported to be significantly lower in the
luteal phase of the menstrual cycle than in the follicular
phase (10). We showed that the decrease in tHcy is
significantly associated with the increase in estradiol
concentrations that occur during pregnancy (11). In-
creased tHcy in early pregnancy has been associated with
pregnancy complications that typically end in spontane-
ous abortion (1, 2). In vitro, homocysteine enhances spon-
taneous contractions of myometrium derived from preg-
nant women (12). If the same applies in pregnancy, this
may explain why high tHcy in early pregnancy leads to
complications. However, the increase in tHcy late in
uncomplicated pregnancies may suggest a physiologic
role for homocysteine in the preparation for labor. Further
investigation to establish at what point between 32 weeks
of pregnancy and labor the increase in tHcy occurs could
help determine whether homocysteine has such a role.

Although tHcy differed between mothers who took
folic acid supplements during pregnancy and those who
did not, the pattern of pregnancy-associated changes in
tHcy was the same in both groups. That fetal cord tHcy
was significantly lower than maternal tHcy at labor is in
agreement with other studies reporting the same pattern
with maternal tHcy determined just after birth (13, 14).
We were able to confirm this in women who did or did
not take folic acid supplements and observed that supple-
mented mothers and their fetuses had significantly lower
tHcy at labor than unsupplemented mothers and their
fetuses. Apart from its role in the prevention of neural
tube defects, other beneficial effects on pregnancy out-
come of folic acid supplementation before conception or
early in pregnancy have been reported. Folic acid supple-
mentation has been associated with increased birth
weight, longer gestational length, and a lower incidence
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Table 3. ORs of neonate body weight being in the lowest tertile? when mothers and neonates were in the highest
compared with low-medium tHcy tertiles.

Weeks of pregnancy

Preconception 8 20
OR® 1.67 (0.54-5.13) 3.26 (1.05-10.13) 2.82 (0.94-8.47)
n 90 89 91
P 0.372 0.041 0.064

“ Lowest tertile of birth weight observed in our study.

32 Labor Fetal cord
1.20 (0.39-3.72) 3.65 (1.15-11.56) 4.46 (1.32-15.08)
91 84 83
0.751 0.028 0.016

P OR of birth weight being in the lowest tertile adjusted for gestational age, fetal sex, and maternal BMI, age, and smoking (95% Cl in parentheses).

of low-birth-weight infants (15). Scholl et al. (16) reported
that lower serum folate concentrations at week 28 of
pregnancy were associated with increased risk of low
infant birth weight. Although the health benefits of lower
tHcy concentrations, even within the reference interval,
for adults have been reported (17-19), we do not know
whether reducing maternal tHcy, and consequently fetal
tHcy, is of benefit to the neonate. All of the mothers in this
study had normal pregnancy outcomes. If lowering tHcy
during pregnancy is beneficial to the mother or to the
neonate, it would be a reason to continue with folic acid
supplementation throughout pregnancy rather than to
stop at the end of the first trimester once the fetal neural
tube has closed, as is common practice.

Our results show that preconception tHcy is signifi-
cantly correlated with maternal tHcy throughout preg-
nancy and fetal tHcy at birth in a group of healthy women
with uncomplicated pregnancies (Table 1). Maternal tHcy
status before pregnancy thus is generally a good predictor
of pregnancy tHcy status and of fetal tHcy status. Ideally
speaking, women at risk of having a pregnancy/neonate
affected by high tHcy could be identified preconception-
ally so that measures to decrease tHcy (such as taking
folic acid supplements) could be instituted before they
become pregnant. Although it may be argued that folic
acid supplementation throughout pregnancy may be nec-
essary only for mothers with high risk of tHcy-associated
pregnancy complications, we observed a beneficial effect
on birth weight, in uncomplicated pregnancies, of having

Table 4. Effect of maternal tHcy at each time point of the
study on birth weight.

B coefficient? Corrected
Model® n (SE) P

Maternal tHcy

At preconception 90 —116.78 (93.49) 0.215 0.267

At 8 weeks of 89 —118.69 (93.64) 0.209 0.263
pregnancy

At 20 weeks of 91 -109.14 (90.52) 0.231 0.274
pregnancy

At 32 weeks of 91 —26.56 (93.08) 0.776 0.264
pregnancy

At labor 84  —227.98 (91.04) 0.014 0.313

2 Adjusted for gestational age, fetal sex, and maternal BMI, age, and smoking.
b Difference in mean birth weight (in g) between children born to mothers in the
highest tHcy tertile compared with low-medium tHcy tertiles.

low maternal tHcy at 8 weeks of pregnancy and at labor.
This trend was maintained at 20 and 32 weeks of preg-
nancy but was weaker and not significant. This may be for
several reasons. Only singleton uncomplicated pregnan-
cies were included in this study; therefore, none of the
mothers had extremely high tHcy, even in the high tertile.
At weeks 20 and 32 of pregnancy, tHcy was at its lowest
concentrations (~40% lower than at preconception in the
highest tertile), and the concentrations observed even in
the high tertiles at these points were lower than those of
the low-medium tertiles at preconception, which were
shown not to have a negative effect on birth weight.
Alternatively, other confounding physiologic changes
that occur during pregnancy, uncontrolled in our analy-
sis, may have masked the relationship between tHcy and
birth weight at these points when tHcy was at its lowest.

Using multiple linear regression analysis, we con-
firmed that the tendency for a negative effect on birth
weight of being in the highest maternal tHcy tertile
compared with the low-medium tertiles was maintained
throughout the study (Table 4). This was significant at
labor, and the same effect was observed with respect to
fetal cord tHcy and birth weight. This may be expected
because maternal and fetal tHcy were highly correlated.
Babies born to mothers in the high tHcy tertiles at labor
weighed, on average, 227.98 g less than those born to
mothers in the low-medium tertiles. This was indepen-
dent of gestational age, fetal sex, and maternal BMI, age,
and smoking, all of which affect birth weight. Malinow et
al. (14) also reported a significant inverse correlation
between both maternal and fetal cord tHcy and birth
weight.

Various studies have investigated the association be-
tween maternal tHcy and birth weight. However because
of fundamental differences in study designs, timing of
maternal tHcy samples with respect to the pregnancy
outcome in question, and definition of increased tHcy and
low birth weight, the conclusions differ somewhat. Ron-
nenberg et al. (20) reported that preconception tHcy
status was not associated with low birth weight but was
significantly associated with preterm birth. Their study
was a case—control study, and they reported an adjusted
OR of 1.1 (95% CI, 0.3-3.7) for having a low-birth-weight
(<2500 g) neonate when maternal tHcy at preconception
was =12.4 umol/L. Here we report an adjusted OR of 1.70
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(95% CI, 0.56-5.20) for having a neonate in the lowest
body weight tertile (<3120 g) when maternal tHcy at
preconception was in the highest tertile (=9.12 umol/L).
In both studies the analysis was adjusted for the same
confounding factors with the exception of analytic batch
and hemoglobin concentration in our study. The ORs
were not significant in either of the studies, but in ours the
OR was higher. Our cutoff values for both increased tHcy
and low birth weight were less extreme because they were
based on tertiles of both variables measured in a group of
women with uncomplicated pregnancies. In addition, in
contrast to Ronnenberg et al. (20), the timing of our
preconception samples was rigidly controlled, and they
were taken just before ovulation so that variation in tHcy
attributable to menstrual cycle phase was kept to a
minimum.

Vollset et al. (21) reported a strong association between
low birth weight and tHcy measured either before or after
pregnancy in women 40-42 years of age. The adjusted
OR for very low infant birth weight (<1500 g) when
maternal tHcy was in the upper tHcy quartile (=10.7
pmol/L) compared with the lowest was 2.07. However,
the time between tHcy measurement and pregnancy
varied up to years. Cotter et al. (3) reported that infants
born to preeclamptic women in the highest tHcy tertile
(>7.8 umol/L) at 16 weeks of pregnancy weighed signif-
icantly less than those born to the remaining preeclamptic
group. This is consistent with our findings for women
with tHey =7.09 umol/L at 8 weeks of pregnancy.

Infante-Rivard et al. (22) reported that maternal tHcy is
protective against intrauterine growth restriction in a
case—control study. They reported an adjusted OR of 0.37
(95% CI, 0.24-0.58) of intrauterine growth restriction for a
5 wmol/L difference in maternal tHcy measured up to
48 h postpartum. The mean (95% CI) tHcy for mothers of
cases was 5.11 (4.95-5.26) umol/L and of controls was
5.59 (5.41-5.76) umol/L. On the assumption that it is valid
to compare maternal tHcy ranges between the two stud-
ies, given that ours was determined before birth whereas
theirs was after, they are quite similar: the maternal tHcy
in our study was 1.42-18.32 umol/L, whereas the range in
their study (22) was 1.76-15.98 umol/L. In addition, there
is only a slight difference between the tHcy concentrations
in our low-medium tertile group (Table 2) and their
control group, based on means and 95% Cls. However,
the variation in tHcy between cases and controls in their
group was considerably narrower than the range we
observed between the low-medium and high tertile
groups at labor and between our high tertile group and
their case group. A comparison of fetal cord tHcy between
the two studies showed more or less the same as for the
mothers. Our overall range was 2.19-14.05 wmol/L,
whereas theirs was 1.03-17.94 umol/L. There was virtu-
ally no variation between fetal tHcy in cases and controls
in their study. One reason for this may be that we defined
our groups on the basis of maternal tHcy, whereas they
defined theirs on the basis of birth weight. With respect to
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the regression analysis from which the main conclusions
are derived in each study, we investigated the effect of
tHcy concentration, whereas they investigated the effect
of increments in tHcy in absolute values on birth weight.
The reason for the difference in conclusions between the
two studies is unclear, but there are many differences in
design.

The strength of our study is that it provides prospec-
tive tHcy data from 2-10 weeks before conception until
the moment when labor is confirmed at hospital admis-
sion. This enabled prospective investigation of the asso-
ciation between maternal tHcy and birth weight in un-
complicated pregnancies, based on tHcy measurements
from the pregnancy in question at time points that had a
direct effect on birth weight. In addition, the fact that
women in Spain did not take folic acid supplements
before conception at the time of our study enabled us to
investigate how tHcy fluctuates during uncomplicated
pregnancies in the absence of folic acid supplementation.
This is vital as a reference point for future studies of the
role of tHcy in the development of pregnancy complica-
tions because periconceptional folic acid supplementation
of pregnant women will inevitably affect tHcy. A group of
women took folic acid supplements during the second
and/or third trimesters of pregnancy as prescribed by
their obstetricians, usually coinciding with the initiation
of iron supplements. This was not an intervention study
in which timing and dose of folic acid supplementation
was rigidly controlled. Although this is a potential weak-
ness of our study, our aim of gaining understanding of
tHcey fluctuations during uncomplicated pregnancy in the
presence and absence of folic acid supplementation was
not impaired.
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