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ABSTRACT

Objective: An elevated total plasma homocysteine
level has been suggested as a possible risk factor in women
suffering from recurrent miscarriage. The current study
was undertaken to assess the association between
homocysteine, folate, cobalamin (vitamin B12) and the
risk of recurrent miscarriage.

Setting: Recurrent Miscarriage Clinic, National Re-
search Centre, in collaboration with the Radioisotope
Department, Nuclear Research Centre and the Obstetrics
and Gynecology Department, Kasr Al Aini University
Hospital.

Design: Case-control study.

Materials and Methods: The study included 57 non-
pregnant Egyptian women. They were classified according
to their obstetric history into 2 groups: 32 cases with at
least two consecutive miscarriages (Study group), and 25
cases with normal obstetric history (Control group). All
cases were tested for plasma total homocysteine, serum
folate and cobalamin (vitamin B12).

Results: The fasting total homocysteine was signifi-
cantly higher in the study group as compared to the control
group. While the median concentrations for the vitamins
studied were significantly lower in women of the study
group as compared to the controls. Elevated homocysteine
and reduced vitamin B12 can be considered risk factors
for recurrent miscarriage with odds ratio (OR) and 95%
confidence intervals (95% CI) of 1.839 (1.286, 2.63) and
1.993 (1.346, 2.951) respectively in the group of recurrent
miscarriages. The OR (95% CI) in the study population
for low serum folate concentrations was 1.23 (0.776,
2.256).

Conclusion: Elevated homocysteine and reduced
serum vitamin B12 are risk factors for recurrent miscar-
riage. Low serum folate did not seem to be a risk factor
for recurrent miscarriage. Testing for homocysteine levels
in women suffering from unexplained recurrent miscarriage
and pre-conceptional supplementation with vitamin B12
might be beneficial to improve pregnancy outcome.
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INTRODUCTION

Miscarriage is the most common adverse
pregnancy outcome, affecting between 10 and
15% of clinically recognized pregnancies [1,2].
As many as 5% of all couples attempting to
conceive have two successive pregnancy losses,
and 1% have three or more consecutive losses
[3]. Recurrent miscarriage is usually defined as
the loss of three or more consecutive pregnan-
cies before viability. In many clinical situations,
the definition is altered to two or more consec-
utive spontaneous miscarriages [4].

An increased miscarriage rate has been ob-
served in pregnancies preceding that of fetuses
or newborn infants with neural tube defects
(NTDs). Carmi et al. [5] found a significantly
higher miscarriage rate (48%) in pregnancies
preceding those of fetuses with NTDs, compared
to those with other birth defects (20%).

It has been hypothesized that both forms of
reproductive failure could have one factor in
common: Hyperhomocysteinemia (HHcy),
which interferes with embryonic development,
as well as with vascular function [6]. The hy-
pothesis that homocysteine (Hcy) might induce
vascular disease was originally advanced by
Mc Cully [7], based on the observation that
thromboembolism and atherosclerosis were
features in children with inherited disorders of
Hcy metabolism.

The introduction of the antiphospholipid
syndrome (APLS), in the early 1980s, as an
etiological cause for recurrent pregnancy loss,
has substantiated the "thrombosis theory" of
repeated fetal loss [8]. Hyperhomocysteinemia



belongs among the familial thrombophilias and
is a long known vascular disease risk factor. In
vitro, Hcy has been shown to directly damage
endothelial cells that predispose thrombogenesis
and arteriosclerosis [9]. In addition, Hcy induces
tissue factor (TF) expression in vitro, which is
the initiator of blood coagulation in vivo [10].

Homocysteine is a non-protein forming sul-
fur amino acid, whose metabolism is at the
intersection of two metabolic pathways reme-
thylation and transsulfuration. Remethylation
requires the cofactors, folate and cobalamin
(vitamin B12) [11].

Hyperhomocysteinemia may be caused by
genetic defects of the enzymes involved in its
metabolism, nutritional deficiencies or absorp-
tion deficiencies of the vitamin cofactors of
these enzymes, chronic diseases or administra-
tion of some drugs [12].

The current study was undertaken to evaluate
the prevalence of hyperhomocysteinemia, folate
or cobalamin deficiency in non-pregnant women
with history of two or more consecutive mis-
carriages and no known risk factors for such
events, in comparison to non pregnant women
with normal obstetric outcome and no history
of miscarriage.

MATERIAL AND METHODS

The study was conducted in the Recurrent
Miscarriage Clinic of the Prenatal Diagnosis
and Fetal Medicine Department, National Re-
search Centre, in collaboration with the Radio-
isotope Department, Nuclear Research Centre,
and the Obstetrics and Gynecology Department,
Kasr Al Aini University Hospital.

The study included 57 non-pregnant Egyp-
tian women of the same age range. The cases
were classified according to their obstetric
history into 2 groups. Control group consisted
of 25 currently non-pregnant women, with no
history of miscarriage, stillborn or intrauterine
growth retardation, and having at least one
normal living baby. The study group consisted
of 32 non pregnant women with a history of at
least 2 consecutive miscarriages before the 20th

week of gestation.

The exclusion criteria included: Ectopic
pregnancy, elective termination of pregnancy,
miscarriage associated with anembryonic preg-

nancy or fetal malformation detected by ultra-
sound or pathological examination, immunolog-
ical disorders confirmed by tests for anticardi-
olipin antibodies and lupus anticoagulant. Severe
uterine (anatomical) abnormalities were ruled
out by hysterosalpingography or high resolution
ultrasonography. The patients were tested at
least 10 weeks post-termination.

The patients and the control subjects did not
receive oral contraception, vitamin supplemen-
tation, or any medication known to influence
homocysteine metabolism within at least a pe-
riod of 6 months. None of the subjects of both
groups had a known endocrine dysfunction, or
suffered from gastrointestinal, hepatobiliary,
renal or vascular diseases.

Blood samples were collected in the morning
after an overnight fast. Blood samples for mea-
surement of total Hcy were collected into tubes
containing EDTA. Plasma was then separated
immediately by centrifugation at 3000xg for 20
minutes and aliquots were stored at -70ºC until
analysis. Plasma was separated immediately to
avoid artifactual increase due to the synthesis
by blood cells in vitro. Blood samples, for
measurement of serum folate and vitamin B12,
were collected into empty glass tubes and
aliquots were stored at -70ºC until analysis.

Total Hcy (free plus protein bound) levels
were measured using a commercially available
immunoassay kit Axis (Axis-Shield AS, Nor-
way). It is a solid phase enzyme immunoassay
based on competition between S-adenosyl-L-
Homocysteine (SAH) in the sample and immo-
bilized SAH bound to the wall of the microtitre
plate for binding sites on a monoclonal anti-
SAH antibody. Homocysteine is reduced by the
use of dithiothreitol (DTT) and then enzymati-
cally converted to SAH by the use of SAH
hydrolase in a separate procedure prior to the
immunoassay.

Serum folate and vitamin B12 were mea-
sured simultaneously by radioimmunoassay
technique using commercially available kit
produced by DPC (Diagnostic Product Corpo-
ration). The test is a dual count solid phase, no
boil immunoassay for both folic acid and vita-
min B12, based on the principle of: Alkaline
denaturation of endogenous proteins, competi-
tion for purified binder at pH 9.3, then solid
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phase separation. The procedure was done fol-
lowing the instruction manual. Calibration range
for vitamin B12: 50-2400pg/ml and 0.5-24ng/ml
for folic acid. Analytical sensitivity for vitamin
B12: 34pg/ml and for folic acid 0.3ng/ml.

Statistical analysis: Data were analyzed
using SPSS statistical package version 10. Nu-
merical data were expressed as mean ± SD, or
median and range as appropriate. Comparison
between cases and controls were done with
Mann-Whitney U tests. Probability p-value less
than 0.05 was considered significant and less
than 0.001 highly significant. Odds ratio (OR)
and its 95% confidence interval was the test
used to estimate risk of cases in relation to
controls.

RESULTS

The study group comprised 32 women with
history of recurrent miscarriage (median 5;
range 2-9). The median age was 28.0 years
(range 20-40 years). The control group, consist-
ing of 25 parous women with no history of
miscarriage, had a median parity of 2 (range 1-
3 babies), and the median age was 26.0 years
(range 20-40 years).

Women with recurrent miscarriage had sig-
nificantly lower median serum folate and vita-
min B12 concentrations, and significantly higher
median homocysteine concentrations compared
with control. The results are presented in Table
(1).

Hyperhomocysteinemia (fasting Hcy greater
than 15µmol/L) was detected in 28.1% (9/32)
of cases, compared with 4% (1/25) in the control
group, giving an OR (95% CI) of 1.839 (1.286,
2.63). Although there appears to be a marked
difference in the median folate concentrations
regarding the study group (4.4ng/ml) and the
control group (8.5ng/ml), a serum folate defi-
ciency (<3.0ng/ml) was found in 15.6% (5/32)
of the study group and 8% (2/25) of the control
group, giving an OR (95%CI) of 1.23 (0.776,
2.256) (Table 2).

Low serum vitamin B12 (<200pg/ml) was
diagnosed in 43.8% (14/32) of the study group
compared with 8.0% (2/25) of the controls,
giving an OR (95% CI) of 1.993 (1.346, 2.951)
(Table 2).

DISCUSSION

The etiology of recurrent miscarriage is
considered to be multifactorial [13]. Homocys-
teine has received increasing attention during
the past decade and elevated plasma homocys-
teine levels have been implicated in a variety
of clinical conditions [14]. Normal levels of
fasting plasma homocysteine are considered to
be between 5 and15µmol/L [15]. Hyperho-
mocyteinemia can cause obstetrical diseases
that are connected with vascular disorders of
pregnancy or the uteroplacental unit [16,17]. We
found that the incidence of hyperhomocystene-
mia in the study group was about seven times
higher (28.1%) than the control (4.0%). The
study by Coumans et al. [18] also showed this
discrepancy (17.1% vs. 4.5%). Gris et al. [19]
reported an association between increased levels
of Hcy and a first early pregnancy loss. Del
Bianco et al. [20] found 25% of women with
recurrent pregnancy loss to have hyperhomocys-
teinemia or at least a pathological methionine
loading test. Kumar et al. [21] reported no sig-
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Table (2): Estimated risk of recurrent miscarriage for the
studied biochemical markers.

Homocysteine
>15µmol/L

Serum folate
<3.0ng/ml

Serum vitamin B12
<200pg/ml

OR: Odds Ratio.
RM: Recurrent Miscarriage.

1.839 (1.286,2.63)

1.23 (0.776,2.256)

1.993 (1.346,2.951)

OR (95% CI)

1

2

2

Control
(n)

9

5

14

RM
(n)

CI: Confidence Interval.
n  : number of cases.

Table (1): Median levels of homocysteine, serum folate
and vitamin B12 in the studied groups.

Homocysteine
µmol/L

Serum folate
ng/ml

Serum vitamin
B12 pg/ml

The values are expressed as median (range).

10.0 (3.4-40.0)

4.4 (1.9-17.0)

260 (60-800)

Study Group
(n=32)

6.8 (3.4-19.5)

8.5 (2.1-16.0)

350 (100-700)

Control Group
 (n=25)

0.011

0.001

0.013

p
value



nificant difference in the median fasting total
plasma Hcy concentrations between women
with recurrent miscarriage and the controls.
However, elevated Hcy levels >18µmol/L was
considered by the authors to be a risk factor for
recurrent pregnancy loss [21]. Nelen et al. [22]
studied women with recurrent miscarriage and
found a direct relationship between high levels
of Hcy and defective chorionic vascularization.

Thrombophilias are suggested to play a role
in recurrent miscarriage [23]. Krabbendam et
al. [24] evaluated the literature of the past ten
years regarding the association between throm-
bophilias and recurrent miscarriage. No relation
was found between recurrent miscarriage and
the methylenetetrahydrofolate reductase C 667T
mutation, the levels of antithrombin, protein C
and protein S. They concluded that there is only
justification for testing for homocysteine levels,
antiphospholipid antibodies and factor V Leiden
in women with recurrent miscarriage.

Selhub and coworkers [25] suggested that
most individuals with increased plasma Hcy
concentrations have inadequate concentrations
of one or more of the vitamins required for Hcy
metabolism. In the study we evaluated the folate
and cobalamin serum levels in women with
recurrent miscarriage. The levels showed sig-
nificant differences between the cases and the
controls. This result is in contrast with the study
conducted by Sutterlin et al. [26] where no
significant differences in folate and cobalamin
serum levels were found between the cases and
the controls.

Coumans et al. [18] observed a weak signif-
icant correlation between the number of previous
miscarriages and folate values. In this study,
the number of previous miscarriages did not
have any significant influence on folate values.
This study demonstrated that low serum folate
did not seem a risk factor for recurrent miscar-
riage.

Reznikoff-Etievant et al. [27] was in agree-
ment with our data that vitamin B12 is signifi-
cantly low in women with recurrent miscarriage.
They recommended vitamin B12 assay in wom-
en with recurrent miscarriage whether or not
hematological abnormalities are present. Candito
et al. [28] found that vitamin B12 is one of the
causes of recurrent pregnancy loss associated
with HHcy and that parental B12 therapy led

to normal Hcy level within 2 months and to a
successful pregnancy.

Although folate deficiency is one of the
factors that may lead to alterations in DNA
synthesis and chromosome structure in rapidly
dividing cells and the serum concentration is a
sensitive indicator of the folate available for
replicating cells [29], Abir et al. [30] found the
mean serum concentration of folic acid to be
similar in the so called "high risk sera" from
women with at least two abortions and in the
control sera.

Ronnenberg et al. [31] found that the risk of
spontaneous miscarriage was four fold high
among women with suboptimal plasma concen-
trations of folate, while Hcy and vitamin B12
status were not associated with spontaneous
miscarriage risk. In the current study, we found
that the risk of spontaneous miscarriage was
two fold high among women with suboptimal
plasma concentration of vitamin B12. The ap-
parent inconsistencies can be explained on the
basis of the study population, both with respect
to genetic background and dietary habits. It
should be remembered that certain population,
especially Mediterranean population already
have adequate intake of folate [32].

In conclusion, elevated homocysteine and
reduced serum vitamin B12 are risk factors for
recurrent miscarriage. Low serum folate did not
seem to be a risk factor for recurrent miscarriage.
Testing for homocysteine levels in women suf-
fering from unexplained recurrent miscarriage
and pre-conceptional supplementation with
vitamin B12 might be beneficial to improve
pregnancy outcome.
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