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The pregnancy-related decrease in fasting plasma homocysteine is
not explained by folic acid supplementation, hemodilution, or a
decrease in albumin in a longitudinal study1–3

Michelle M Murphy, John M Scott, Joseph M McPartlin, and Joan D Fernandez-Ballart

ABSTRACT
Background: Fasting plasma total homocysteine (tHcy) decreases
during pregnancy. Previous reports suggested that this is due to
folic acid supplementation, hemodilution, or a decrease in albu-
min. However, these hypotheses have not been tested in a longi-
tudinal study.
Objective: We investigated the relation between pregnancy-
related physiologic changes and tHcy in a group of healthy women
who were either unsupplemented or supplemented with folic acid.
Design: In a longitudinal study from preconception throughout
pregnancy, we studied 54 unsupplemented women and 39 women
who were supplemented with folic acid during the second or third
trimester of pregnancy. tHcy, hematocrit, and serum albumin
were determined preconceptionally and at 8, 20, and 32 wk of
pregnancy.
Results: For the entire group, geometric mean tHcy concentra-
tions at preconception (8.2 �mol/L) were significantly
greater (P < 0.001) than those at 8 wk of pregnancy (6.4 �mol/
L). When the unsupplemented and supplemented groups were
regarded separately, geometric mean tHcy concentrations at pre-
conception were significantly greater than those at 20 (5.22 and
4.18 �mol/L, respectively) and 32 (5.16 and 4.42 �mol/L,
respectively) wk of pregnancy (P < 0.001 for both). Mean reduc-
tions from preconception concentrations at 8, 20, and 32 wk of
pregnancy were significantly greater (P < 0.001) for tHcy
(�11.5%, �25.5%, and �24.5%, respectively) than for hemat-
ocrit (�1.9%, �4.2%, and �4.3%, respectively) or serum albu-
min (�1.1%, �9.8%, and �13.4%, respectively). There was no
correlation between changes in either hematocrit or serum albu-
min and changes in tHcy.
Conclusions: This study refutes the previous explanations for
the reduction in plasma tHcy known to occur in pregnancy,
namely, folic acid supplementation, hemodilution, and a
decrease in serum albumin. We suggest that the changes may be
endocrine-based. Am J Clin Nutr 2002;76:614–9.
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INTRODUCTION

An elevated concentration of fasting plasma total homocysteine
(tHcy) is a risk factor for many diseases ranging from cardiovascular
diseases (1) to pregnancy-related diseases (2, 3). Pregnancy-associated
hyperhomocysteinemia is associated with adverse effects of preg-

1 From the Unit of Preventive Medicine, Rovira i Virgili University, Reus,
Spain (MMM and JDF-B); the Biochemistry Department, Trinity College,
Dublin (JMS); and the Vitamin Research Unit, Sir Patrick Dunn’s Research
Laboratory, St James’ Hospital, Dublin (JMM).

2 Supported by the Comisión Interministerial de Ciencia y Tecnología
(CICYT:ALI 89-0388), Spain; Fondo de Investigación Sanitaria (FIS:00/0954),
Spain; EU Demonstration Project BMH 4983549; and Abbott GmbH, Weis-
baden-Delkenheim, Germany.

3 No reprints available. Address correspondence to MM Murphy, Unitat
Medicina Preventiva, Facultat de Medicina, Universitat Rovira i Virgili, C/Sant
Llorenç, 21, 43201 Reus, Spain. E-mail: mm@fmcs.urv.es.

Received May 2, 2001.
Accepted for publication November 2, 2001.

nancy such as neural tube defects (4), abruptio placentae (5), and
preeclampsia (6). However, only 3 studies to date have addressed
the subject of changes in maternal tHcy concentrations during nor-
mal pregnancy (7–9). These cross-sectional studies compared the
tHcy concentrations in women at different stages of pregnancy
with those in nonpregnant women. tHcy concentrations were
29–60% lower in pregnant women than in nonpregnant women
and reached their lowest values during the second trimester of
pregnancy (8, 9). Nonfasting tHcy concentrations during precon-
ception and throughout pregnancy were reported in a longitudinal
study (10). However, of the 102 women studied, tHcy concentra-
tion values were provided for only 16 women. The authors
reported a slight reduction in tHcy concentrations during the first
trimester of pregnancy, with tHcy concentrations remaining con-
stant thereafter. Various hypotheses explaining the decrease in
tHcy concentrations during pregnancy have been proposed.
Among these are hormonal influences on homocysteine metabo-
lism (7, 10), maternal dietary protein intake during pregnancy (7),
pregnancy-associated hemodilution (8–10), a decrease in albumin
(9), folic acid supplementation (9), or fetal utilization (8, 10, 11).
However, Andersson et al (8) rejected the possibility that the
reduction in tHcy concentrations during pregnancy may be
endocrine-based.

Ours is the first longitudinal study to provide reference values
for tHcy concentrations in normal singleton pregnancies and to
investigate changes in tHcy, hematocrit, and serum albumin from
preconception through each trimester of pregnancy. Our early time
point of 7.5–8 wk of pregnancy enabled us to determine changes
in tHcy concentration at the earliest time during pregnancy so far
reported. This was before the effect of hemodilution. Another
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important factor in our study is that none of the women took folic
acid supplements either preconceptionally or before the second
trimester of pregnancy. At the time of the study (1992–1996),
folic acid supplementation during preconception and early preg-
nancy was not common practice in Spain. Fortification of cereal-
based products with folic acid has also not been introduced in
Spain. Furthermore, the proportion of the Spanish population
who normally eat commercial breakfast cereals is low compared
with that in other countries (Consumer Research Department,
Kellogg’s Europe, unpublished observation, 2000). This longitu-
dinal study enabled us to determine the physiologic changes in
tHcy concentrations produced by pregnancy alone without the
masking effect of prophylactic folic acid during early pregnancy.
The study also allowed us to compare the effects of folic acid
supplementation or no supplementation during the second or
third trimester of pregnancy.

SUBJECTS AND METHODS

Subjects

Reus is a city of 90 993 inhabitants (12) that is 10-km inland
from the Mediterranean coast of Catalonia in northeastern Spain.
This longitudinal study was performed in the Unit of Preventive
Medicine, Faculty of Medicine, Rovira i Virgili University in
collaboration with the Unit of Obstetrics and Gynecology of the
St Joan Hospital, Reus. The study 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 declaration of Helsinki
(13) was obtained from all participating volunteers. Volunteers
were recruited by advertisement through the local media and
town hall. Healthy, nonpregnant women aged 18–35 y who
were planning to become pregnant were sought to participate in
the study during preconception and throughout pregnancy.
Exclusion criteria were the presence of chronic illnesses that
affect a woman’s nutritional status or that require specific
dietetic or nutritional intervention, the use of medications (such
as folate antagonists) that may affect homocysteine metabolism,
a failure to conceive after 18 menstrual cycles, and sterility. Of
the 139 women who volunteered to participate in the study, 1
became pregnant with twins and was thus excluded. Of the
remaining women, 93 remained in the study until completing
successful pregnancies, 23 dropped out of the study before
becoming pregnant, 6 failed to conceive within the first 18 mo of
trying, 7 abandoned the study during pregnancy, 7 miscarried, 1
moved, and 1 was excluded because her supplementation pat-
tern did not conform to the design of the study.

Study design

Throughout the study, blood samples were collected from the
subjects after they had fasted overnight. If subjects did not
become pregnant within 3 menstrual periods after the first pre-
conception blood sample, another sample was taken. Similarly,
blood samples were taken every 3 menstrual periods until sub-
jects conceived. Data from the last preconception visit, PreC,
which was �2–10 wk before conception, were used. Subjects
were instructed to perform a pregnancy test and to inform the
investigating team immediately after missing their first menstrual
period. Pregnancy was confirmed by ultrasound examination.

Pregnant subjects were called for the first-trimester blood
sample between 53 and 59 d after the first day of their last
menstrual period (ie, at �7.5–8 wk of pregnancy). The sec-
ond-trimester blood sample was taken at 20 wk of pregnancy,
and the third-trimester blood sample was taken at 32 wk of
pregnancy.

Folic acid supplementation

The decision regarding the use of folic acid supplements
remained the joint responsibility of the subject and her obstetri-
cian. None of the women took folic acid supplements during either
the preconception period or the first trimester of pregnancy, and 54
women did not take folic acid supplements throughout the entire
study. Thirty-nine women took folic acid supplements during the
second or third trimester of pregnancy. During the second
trimester, 34 women took 500 �g folic acid/d, 1 took 750 �g folic
acid/d, 1 took 1 mg folic acid/d, and 1 took 15.250 �g folic acid/d.
During the third trimester, 33 women took 500 �g folic acid/d, 1
took 750 mg folic acid/d, 1 took 1 mg folic acid/d, 1 took 2 mg
folic acid/d, 1 took 15 mg folic acid/d, and 1 took 15.500 mg folic
acid/d. The supplemented group was not subdivided according to
folic acid dose because analyses showed that the conclusions were
unchanged by including all supplement users in the same group.

Interview

On the week of each blood sample collection, subjects were
interviewed regarding their current use of medications and vitamin
supplements, and anthropometric and blood pressure measurements
were taken. On the first of these occasions, a detailed medical his-
tory was also recorded. During these interviews, subjects were ques-
tioned about the structured diaries in which they had recorded in
detail their use of medications or vitamin supplements during the
previous 7 d. Subjects who had used medications or supplements
were questioned about the name of the preparation, the dose, and
the length of treatment. Subjects’ answers to these questions were
corroborated against the content of their diaries. Those subjects who
confirmed the use of supplements in both the interview and the diary
were categorized as supplement users. Smokers and nonsmokers
were not separated for analytic purposes because smoking during
pregnancy does not affect maternal tHcy concentrations (14).

Sample collection and analysis

Fasting venous blood samples were drawn from the antecubital
vein into potassium EDTA–treated evacuated tubes for whole blood
and plasma analyses and into untreated evacuated tubes for serum
preparation. Blood samples were refrigerated immediately, and
plasma was separated by centrifugation at 1000 � g for 15 min at
4 �C within 2 h of sample collection. Plasma was stored at �20 �C
before tHcy analysis. tHcy concentrations were determined by using
the IMx homocysteine immunoassay (Abbott Laboratories Diag-
nostics Division, Abbott Park, IL). Hematocrit was determined with
the use of a Coulter STKS hematology analyzer (Beckman Coul-
ter, Miami). Serum albumin concentrations were determined by
using the Boehringer Mannheim Albumin Colorimetric Assay
(Boehringer Mannheim Laboratories, Mannheim, Germany).

Statistical analysis

All statistical analyses were performed by using the SPSS version
10.0 program (SPSS Inc, Chicago). tHcy data were log transformed
to approach normalization. Mean percentage changes between
preconception and pregnancy were also determined for log-
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TABLE 1
Characteristics of the study population preconceptionally and smoking
habits during pregnancy in the folic acid–unsupplemented and
–supplemented groups1

Unsupplemented Supplemented
(n = 54) (n = 39)

Age (y)2 29.7 ± 2.6 29.1 ± 3.0
Primiparous (%) 66.7 50.0
Oral contraceptive use (%) 81.5 71.8
Hemoglobin (g/L)2 133.0 ± 7.5 133.0 ± 8.4
BMI (kg/m2)2 23.4 ± 2.7 22.8 ± 3.2
Smoking during pregnancy
Until week 10

(%) 37.4 20.0
Cigarettes/d2 4.43 ± 7.04 3.76 ± 5.80

Until term
(%) 8.3 12.0
Cigarettes/d2 1.68 ± 3.52 0.74 ± 1.91

1 There were no significant differences between the characteristics of
the unsupplemented and supplemented groups.

2 x– ± SD.

TABLE 2
tHcy concentrations in the folic acid–unsupplemented and –supplemented groups before and during pregnancy1

Pregnancy

Group Preconception 8 wk 20 wk 32 wk P2

µmol/L µmol/L

Unsupplemented 8.17 ± 1.283 [54] 6.48 ± 1.30 [54] 5.22 ± 1.293 [54] 5.16 ± 1.32 [53] <0.001
Supplemented4 8.27 ± 1.353 [39] 6.32 ± 1.34 [35] 4.18 ± 1.323,5 [35] 4.42 ± 1.376 [38] <0.001

1 Geometric x– ± SD; n in brackets.
2 Two-way repeated-measures ANOVA (intrasubject factor: time of pregnancy; intersubject factor: supplement use). Interaction term between time of

pregnancy and supplement use: P < 0.001.
3 Significantly different from 8 wk, P < 0.001 (post hoc analysis by repeated contrast with Bonferroni correction).
4 Supplemented with folic acid during the second or third (or both) trimester of pregnancy.
5,6 Significantly different from unsupplemented: 5 P < 0.0005, 6 P = 0.015.

transformed hematocrit and albumin data. A two-way repeated-
measures analysis of variance was initially used to explore the
effect of supplement use (intersubject factor) on tHcy concentra-
tions throughout pregnancy (intrasubject factor). Because the
interaction term was significant, we analyzed the effect of time
during pregnancy on tHcy concentrations within each group
(nested model). A nonorthogonal repeated contrast was used to
test the significance of differences in tHcy mean concentrations
between consecutive time points during pregnancy.

To investigate whether PreC tHcy concentration was a confounder
in the previously explored relation, we expanded the model by fitting
a three-way repeated-measures analysis of variance with 1 intrasubject
factor (time during pregnancy) and 2 intersubject factors (supplement
use and PreC tHcy concentration tertile). Given the significance of
both two-way interactions (time during pregnancy � supplement use
and time during pregnancy � PreC tHcy concentration tertile), we
tested the effect of time during pregnancy on tHcy concentrations
within each supplement group and PreC tHcy concentration tertile
(nested model). Simple contrast was used to test the significance of
differences in tHcy mean concentrations between each time point
during pregnancy and the PreC period (reference value). Student’s
paired t test was used to compare the mean percentage differences in
tHcy, hematocrit, and serum albumin between preconception and

pregnancy. All P values from post hoc analyses were Bonferroni cor-
rected. Pearson’s linear correlation coefficients were determined to
assess associations between pregnancy-induced changes in hemat-
ocrit, serum albumin, and tHcy. Significance for the two-tailed
hypothesis was established at P = 0.05.

RESULTS

As shown in Table 1, the subjects were divided into 2 groups
on the basis of whether they received folic acid supplementation.
For analytic purposes to differentiate between the physiologic
effects of pregnancy and the pharmacologic effect of folic acid
supplements on tHcy concentrations, the 2 groups were analyzed
separately. The preconception characteristics and smoking habits
during pregnancy of the 2 groups are shown in Table 1. Age, par-
ity, previous oral contraceptive use, hemoglobin concentration,
body mass index, and the percentage of smokers were not signifi-
cantly different between the 2 groups.

The geometric mean tHcy concentrations before and during preg-
nancy for both groups are shown in Table 2. In both groups there was
a significant (P < 0.001) reduction in tHcy concentration during preg-
nancy, which was evident by 8 wk (P < 0.001). There was a further
significant reduction at 20 wk (P < 0.001) in both the unsupplemented
and supplemented groups. Although there was no significant differ-
ence in tHcy concentrations between 32 and 20 wk in either group,
tHcy concentrations at 32 wk were significantly lower than those before
conception (P < 0.001). There was a significantly greater reduction in
tHcy concentration at 20 (P < 0.0005) and 32 (P = 0.015) wk in the
group supplemented with folic acid than in the unsupplemented group.

The trend in tHcy concentration reduction during pregnancy
according to PreC tHcy concentration tertile is shown in
Figure 1. Neither the interaction between time, supplement use,
and PreC tHcy concentration tertile nor the interaction between
supplement use and PreC tHcy concentration tertile were signi-
ficant. A similar decreasing trend in tHcy concentration through-
out pregnancy is evident in each tertile with or without the use
of folic acid supplements. In each tertile, tHcy concentrations
significantly decreased from preconception throughout preg-
nancy (P < 0.05). There were no significant differences between
the unsupplemented and supplemented groups in the magnitude
of the decrease in tHcy concentration from preconception to any
time point during pregnancy. In both the unsupplemented and
supplemented groups, tHcy concentrations reached a trough
between 20 and 32 wk of pregnancy, after which there was no
further reduction.
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FIGURE 1. Geometric mean (± SEM) homocysteine (tHcy) concentra-
tions before conception and during pregnancy according to preconception
(PreC, 2–10 wk before conception) tHcy concentration tertile (�, high; �,
medium; �, low) and use of folic acid supplements. The unsupplemented
group (n = 54) did not take folic acid supplements during the entire study;
the supplemented group (n = 39) took folic acid during the second or third
trimester. None of the women received supplements before week 20 of the
pregnancy. Tertiles were based on geometric mean PreC concentrations of
tHcy. Three-way repeated-measures ANOVA, in which the intrasubject fac-
tor was time during pregnancy (wk) and the intersubject factors were sup-
plement use and PreC tHcy concentration tertile, showed significant effects
of time during pregnancy (P < 0.001), supplement use (P = 0.019), and
PreC tHcy concentration tertile (P < 0.001). Two-way interaction terms
between time during pregnancy and supplement use and between time dur-
ing pregnancy and PreC tHcy concentration tertile were significant
(P < 0.001 and P = 0.024, respectively). The two-way interaction term
between supplement use and PreC tHcy concentration tertile and the three-
way interaction term were not significant (P = 0.816 and 0.786, respec-
tively). Post hoc analysis by simple contrast with Bonferroni correction
showed that tHcy concentrations at any time during pregnancy were signi-
ficantly lower than those before conception (P < 0.05), except when indi-
cated with NS. There were no significant differences between the unsup-
plemented and supplemented groups in the magnitude of the decrease in
tHcy concentration from PreC to any time point during pregnancy.

FIGURE 2. Mean percentage changes in log-transformed tHcy concen-
tration (�), hematocrit (�), and serum albumin concentration (    ) between
the preconception period and pregnancy in the unsupplemented (Un; n = 54
subjects who did not take folic acid supplements during the entire study)
and the supplemented (Sup; n = 39 subjects who took folic acid during the
second or third trimester) groups. None of the women were supplemented
preconceptionally. Two-way repeated-measures ANOVA to test differences
between preconception and pregnancy time points and between the supple-
mented and unsupplemented groups for each of the 3 variables tHcy con-
centration, hematocrit, and albumin concentration showed a significant
effect of time during pregnancy for each of the 3 variables (P < 0.001) and
a significant supplement use effect for tHcy concentration (P < 0.001) and
albumin (P = 0.039). The two-way interaction terms between time during
pregnancy and supplement use were nonsignificant for each of the 3 vari-
ables. A paired t test with Bonferroni correction to test the differences
between the reductions in the 3 variables showed that the reduction in tHcy
concentration was significantly greater than the reductions in hematocrit and
albumin in all cases (P < 0.001).

To examine the progression of hemodilution, of the decrease in
serum albumin concentration, and of the decrease in tHcy con-
centration during pregnancy, we plotted the percentage changes
in tHcy, hematocrit, and albumin throughout pregnancy
(Figure 2). The largest percentage reduction from preconception
was for tHcy concentration. By 8 wk of pregnancy, the mean
decreases in tHcy concentration were 10.8% and 12.5% in the
unsupplemented and supplemented groups, respectively, despite
decreases of only 1.8% and 2.1%, respectively, in hematocrit and
of only 0.1% and 2.5%, respectively, in serum albumin. By 20 wk
of pregnancy, the mean decreases in tHcy concentration from pre-
conception were 20.9% and 32.2% in the unsupplemented and
supplemented groups, respectively, despite decreases of only 3.9%
and 4.5%, respectively, in hematocrit and of only 9.2% and 10.7%,
respectively, in serum albumin. At 32 wk of pregnancy, the mean
decreases in tHcy concentration (21.6% and 28.7% in the unsup-
plemented and supplemented groups, respectively) were also
greater than those in hematocrit (4.6% and 4.0%, respectively) and
serum albumin concentration (11.9% and 14.8%, respectively).
Thus, at each time point during pregnancy, the mean percentage
reduction in tHcy concentration was significantly greater

(P < 0.0005) than the reductions in hematocrit and serum albumin
in both the unsupplemented and supplemented groups.

There was no significant correlation between the change in hema-
tocrit and the change in tHcy concentration at any time point dur-
ing pregnancy (8 wk: r = �0.053, P = 0.653; 20 wk: r = 0.112,
P = 0.339; 32 wk: r = �0.164, P = 0.179). Neither was there any
significant correlation between the change in serum albumin con-
centration and the change in tHcy concentration (8 wk: r = 0.029,
P = 0.797; 20 wk: r = �0.158, P = 0.147; 32 wk: r = 0.042, P = 0.699).

DISCUSSION

To our knowledge, this is the first study to report a significant
reduction in tHcy concentration as early as 7.5–8 wk of preg-
nancy. Because the women in our study did not take folic acid
supplements preconceptionally or during early pregnancy, our
results show that the decrease in tHcy concentration at this time
point is a physiologic effect of pregnancy and is independent of
folic acid supplementation. Although it was evident that tHcy
concentrations were significantly lower in folic acid supplement
users than in their unsupplemented counterparts at 20 and 32 wk
of pregnancy, it was also evident that tHcy concentrations
decreased significantly in the unsupplemented group. Thus, there
is a physiologically induced reduction in tHcy concentration dur-
ing pregnancy. The results from the supplemented group show
that folic acid enhanced the physiologic reduction in tHcy con-
centration due to pregnancy.
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Intervention studies showed that subjects with high baseline
tHcy concentrations have greater reductions in tHcy concentration
after treatment with homocysteine-lowering vitamins than do
those with low baseline tHcy concentrations (15). However, the
tHcy response to pregnancy in this study was not driven by base-
line tHcy concentration.

The results in Table 2 and Figure 1 show that tHcy concen-
trations decreased gradually during early and midpregnancy and
reached a trough in later pregnancy, with no further decreases.
In a longitudinal study, Cikot et al (10) reported only a slight
reduction in tHcy concentration during early pregnancy, with no
further decrease throughout mid-to-late pregnancy. This finding
is clearly at odds with the results in the literature cited previ-
ously and with the observations reported in this article. The
small size of the Dutch sample and the fact that tHcy concen-
trations were determined in nonfasting blood samples are 2 crit-
ical factors in the study design that complicate comparison of
the results. Observations similar to ours of decreased tHcy con-
centrations in pregnancy were reported by other authors in cross-
sectional studies (8, 9).

tHcy concentrations during pregnancy may be endocrine
induced, and hormones may exert a stronger influence than that
of vitamins in reducing tHcy concentration. Thus, a minimum
tHcy concentration below which further reduction cannot occur
despite increasing estrogen concentrations may be reached in
pregnancy, as shown in the trough effect of this and other studies.
Alternatively, other hormonal changes that occur during later
pregnancy may reduce the initial tHcy-reducing effect. It has been
suggested by Steegers-Theunissen et al (16) that alterations in the
methionine requirement might explain the reduction in tHcy con-
centrations in pregnancy. It is difficult, however, to see how
increased utilization of methionine by the fetus at 8 wk of preg-
nancy would decrease maternal tHcy concentrations in early
pregnancy. Homocysteine arising from such fetal methionine
metabolism would, if at all, be reflected in a simultaneous
increase in maternal tHcy concentration. The initial decrease and
subsequent trough in tHcy concentration may, conversely, explain
reduced methionine requirements in pregnancy. Even if fetal
uptake of tHcy occurred in mid-to-late pregnancy, it is an unlikely
explanation for the reduction in maternal tHcy concentration at
8 wk of pregnancy.

tHcy concentrations might be expected to decrease during preg-
nancy due to hemodilution. In normal pregnancy, maternal plasma
volume begins to increase at �10 wk gestation. The mean increase
in plasma volume by 30–34 wk is 50% (17). In this case the reduc-
tion in tHcy concentration that we observed at 8 wk of pregnancy
would have been independent of hemodilution. We used hemat-
ocrit changes, before and during pregnancy, as a marker of the
evolution of hemodilution. This longitudinal study showed that
the pregnancy-induced reduction in tHcy concentration was signi-
ficantly greater in terms of a percentage decrease than that in
hematocrit even in the advanced stages of pregnancy during which
hemodilution would have been well established. This effect was
observed in the unsupplemented group as well as in the group sup-
plemented with folic acid. We found that in both groups, as well
as in the combined study population, the changes in tHcy con-
centration were due to the time during pregnancy and were not
related to a reduction in serum albumin concentration.

Furthermore, there was no significant correlation between the
change in either hematocrit or albumin concentration and the
change in tHcy concentration during pregnancy. If the correlation

had been significant, we would have been able to quantify the con-
tribution of these physiologic variables to the decrease in tHcy
concentration by using multiple regression analysis. Because the
correlations were not significant, we cannot reject the possibility
that the variation in tHcy concentration during pregnancy is inde-
pendent of decreases in hematocrit and albumin concentration, ie,
the 2 factors conjectured to influence the pregnancy-induced
decrease in tHcy concentration. The advantage of this longitudi-
nal study is that we were able to correlate the pregnancy-induced
variations in these variables on an individual basis. This type of
analysis was not possible in the cross-sectional studies, in which
the analysis was based on mean values from groups composed of
different women.

Pregnancy involves many complex hormonal changes, from
increases or decreases in circulating female hormones that are
present in the nonpregnant state to the introduction of pregnancy-
specific hormones. There is increasing evidence that female hor-
mones decrease tHcy concentrations. Wouters et al (18) reported
a significant correlation between postmethionine plasma homo-
cysteine and 17�-estradiol in premenopausal women. Elderly
estrogen users have lower tHcy concentrations than do their eld-
erly postmenopausal counterparts who do not receive estrogen
replacement therapy (19). Kim et al (20) showed a significant
decrease in plasma tHcy concentration in male rats that were
administered estradiol, and Giri et al (21) showed that oral
17�-estradiol reduced tHcy concentrations by 11% in healthy eld-
erly men. Evidence has emerged that the difference between tHcy
concentrations in men and women may be due, at least in part, to
hormonal differences that become evident as early as puberty.
Morris et al (19) reported that at the onset of menarche, tHcy con-
centrations in females become significantly lower than those in
males. Tallova et al (22) reported that in premenopausal women,
mean tHcy concentrations in the follicular phase of the menstrual
cycle were significantly higher (1.9 �mol/L) than those in the
luteal phase. A slight negative correlation was also found between
tHcy and estradiol in both phases of the menstrual cycle.

In conclusion, our data refute previous hypotheses for the preg-
nancy-associated reduction in tHcy concentration. The reduction
in tHcy concentration occurs in the absence of folic acid supple-
mentation and is not correlated with reductions in hematocrit or
serum albumin concentration. Given the evidence in the literature
for the influence of female hormones on tHcy concentration, it is
possible that decreases in tHcy concentration during pregnancy
are mainly endocrine-based.
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