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ORIGINAL ARTICLE

The association of parental methylenetetrahydrofolate reductase
polymorphisms (MTHFR 677C> T and 1298A>C) and fetal loss: a
case–control study in South Australia

Britt J. P. Kosa,b, Shalem Y. Leemaqza, Catherine D. McCormackc , Prabha H. Andraweeraa ,
Denise L. Furnessa , Claire T. Robertsa and Gustaaf A. Dekkera,b

aAdelaide Medical School, Robinson Research Institute, University of Adelaide, Adelaide, Australia; bWomen and Children’s Division,
Lyell McEwin Hospital, Elizabeth Vale, South Australia, Australia; cWomen’s and Children’s Hospital, North Adelaide,
Adelaide, Australia

ABSTRACT
Objective: To determine the association between parental MTHFR 677C> T (RS1801133) and
1298A>C (RS1801131), and fetal loss (FL).
Design: Case–control study.
Setting: Department of Obstetrics and Gynecology, Lyell McEwin Hospital (LMH), and the
Women’s and Children’s Hospital (WCH) in Adelaide, Australia.
Patients: A total of 222 couples with FL and 988 couples with uncomplicated pregnancies.
Measurements: The main outcomes were FL and hyperhomocysteinemia (HHcy). All couples
were tested for MTHFR 677C> T and 1298A>C. Fasting homocysteine was measured in the
women with FL.
Results: The main finding was a significant difference between the FL group and controls in
couples with �4 abnormal alleles compared to <4 [p¼.0232, OR 1.9 (95% CI 1.1–3.3)]. None of
the couples with FL had zero abnormal alleles (both parents 677CC/1298 AA). However, this was
also rare amongst the controls. Maternal carriage of both 677C> T and the 1298A>C polymor-
phisms was similar between the FL group and controls. The prevalence of paternal 677TT/
1298AA and 677CC/1298AC was significantly higher in the FL group compared with controls.
HHcy was significantly more common in the FL group compared with controls.
Conclusion: The presence of parental MTHFR 677C> T and 1298A>C is associated with FL. The
association between maternal MTHFR genotypes with FL is less pronounced than in previously
published articles investigating first trimester miscarriages. Maternal HHcy is a significant risk fac-
tor for FL.
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Introduction

Pregnancy loss (PL) is a common problem and repre-
sents a stressful life event in women [1] and has nega-
tive psychological effects on the parents [2]. The term PL
is very nonspecific since it includes embryonic loss (PL
<10 weeks of gestation) and FL (PL �10 weeks of gesta-
tion), where FL can be further subdivided into late mis-
carriage (LM; 10–20 weeks) and stillbirth (�20 weeks).
However, definitions are extremely variable between
countries, including high-income countries [3].

One in four women who become pregnant experi-
ence a sporadic miscarriage, in which the majority occurs
<12 weeks. Miscarriages >12 weeks occur in 1–2% of
pregnancies [4]. Chromosomal abnormalities cause 50%
of first trimester PL [5]. Causative factors in LM include,

among others, antiphospholipid syndrome, cervical
weakness, infection, placental insufficiency, congenital
uterine anomalies, bacterial vaginosis, and hypothyroid-
ism [6]. The average stillbirth rate in high-income coun-
tries is 3.5 per 1000 total births, 2.7 in Australia.
Important causes of stillbirth consist of placental pathol-
ogies (40%), congenital abnormalities (6–27%), infection
(5–22%), and spontaneous preterm birth or preterm rup-
ture of membranes (1–15%) [7]. Important worldwide
risk factors of stillbirth consist of maternal age
>35 years, adolescent pregnancy, short interpregnancy
interval, infections, obesity, chronic hypertension, dia-
betes, tobacco, (pre-)eclampsia, pregnancy >42 weeks,
medical disorders (e.g. thyroid disorders and liver dis-
ease), and indoor air pollution [3].
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In addition to the above mentioned causes and risk
factors, hyperhomocysteinemia (HHcy) has been asso-
ciated with PL since the early 1990s [8]. Unfortunately
many cases of PL remain unexplained.

Studies have shown that there is an association
between PL and the MTHFR single nucleotide poly-
morphisms (SNPs) 677C> T (RS1801133) [9–12] and
1298A>C (RS1801131) [11,12]. However, the study by
Dilley et al. [13], investigating the relationship
between recurrent PL and MTHFR 677C> T, did not
show any association. MTHFR is an important enzyme
in one-carbon metabolism that plays a part in the
generation of methyl groups for methylation of DNA
and other molecules [14]. Most of the recent research
has focused on the role of these polymorphisms in
first trimester miscarriages. A problem with these stud-
ies is that, as previously mentioned, chromosome
abnormalities will always be the dominant cause in
early PL. The focus of this study was therefore to
evaluate the involvement of these two common SNPs
and HHcy as risk factors for LM and stillbirth.

The majority of previous studies did not include the
paternal contribution; in this study, the main objective
was therefore to evaluate these two SNPs in couples
with FL among a large number of affected couples in
South Australia.

Materials and methods

A case–control study was conducted at the
Department of Obstetrics and Gynecology of the Lyell
McEwin Hospital (LMH) and the Women’s and
Children’s Hospital (WCH) in Adelaide, Australia. This
study formed part of the Prediction of Adverse
Pregnancy Outcomes (PAPO) study (Clinical Trial No.
ACTRN12609000254291). The study was approved by
the Women’s and Children’s Hospital Human Research
Ethics Committee in North Adelaide South Australia,
REC1481/6/09.

Participant selection

From 2007 to 2012, patients attending the Pregnancy
Investigation Unit at the WCH and the Obstetric
Counseling Clinic at the LMH after a PL were invited
to participate in the PAPO study. All couples who par-
ticipated in the PAPO study provided informed con-
sent. Those with a clinically diagnosed FL (PL
�10 weeks of gestation) were selected for the current
study. The index FL is defined as the last FL before
entering the PAPO study.

Exclusion criteria: FL due to aneuploidy and/or con-
genital anomalies; couples where one or both parents
were known to have a chromosomal translocation;
couples where the woman was known to be on high
dose folic acid and/or high dose vitamin B12 at the
time of the index FL.

The Adelaide and Auckland couples in the
Screening for Pregnancy Endpoints (SCOPE) study [15]
with uncomplicated pregnancies and for whom MTHFR
genotypes of both partners were available were used
as the control group (i.e. no preeclampsia, preterm
birth, history of any PL, small for gestational age, or
gestational diabetes mellitus). The women who were
originally recruited to the SCOPE study were low-risk
nulliparous women.

Data collection

All couples were tested for the maternal and paternal
MTHFR polymorphisms 677C> T and 1298A>C.
Maternal age, BMI, ethnicity, and smoking status were
extracted from the medical case notes of the women.
Paternal medical case notes were not available for all
men. FL was divided into LM (gestation of
10–20 weeks) and stillbirths (gestation of �20 weeks).

Fasting homocysteine was measured in the women
who had experienced a fetal loss (FL) outside preg-
nancy and while not taking high dose folic acid and
vitamin B12. HHcy was defined as a fasting homocyst-
eine level >9.5 (mmol/l) [16].

Statistical analysis

To compare the frequencies of the MTHFR alleles for
the FL group and controls, a proportions test was
used. Fisher’s exact test, with Haldane correction in
contingency tables containing 0 cells counts, were
then performed for each category/combinations of
genotypes compared to the normal wild type, and the
corresponding odds ratios and 95% confidence inter-
vals were also obtained. These statistical tests were
performed using R version 3.1.0. Any missing data
were omitted from all analyses. Variables are consid-
ered significant at 5% significance level (p val-
ues <.05).

All of the above mentioned analyses on MTHFR
677C> T and 1298A>C were conducted separately
and together for individual parents. Because of the
published importance [17–19] of the embryonic/fetal
genotype, we also analyzed the total number of
abnormal alleles per couple. However, due to a low
number of couples who had no mutant alleles, the
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risk of FL was compared between �4 (i.e. the embryo
will have at least two abnormal alleles) and <4 mutant
alleles using logistic regression, corrected for maternal
BMI, age, and smoking. A global F test was added for
the logistic regression to indicate the overall significance
of the coefficients. Since the paternal demographics of
these factors were not collected it was not possible to
correct for paternal BMI, age, or smoking.

Results

The current study includes 222 couples with FL. The
genetic analysis for the MTHFR 677C> T and
1298A>C SNPs was completed on 222 women and
158 men. The SCOPE control group consisted of 988
controls (n¼ 352 from Adelaide and n¼ 636 from
Auckland) with complete data on MTHFR genotypes.

Table 1 shows the maternal demographics of the
FL group and controls. In the FL group significantly
more women were �35 years, had a BMI <18.5 and
�25 and were smokers. The majority of both the FL
and control groups were of Caucasian ethnicity reflect-
ing the community in which they reside.

Abnormal allele counts for each couple were
obtained. Couples with both parents having the wild
type for both SNPs (MTHFR 677CC/1298 AA) will have
a zero abnormal allele count. While, for example, a
couple with paternal 677TT/1298AA and maternal
677CT/1298AA would be given a count of three
abnormal alleles. In theory, a couple could have a
maximum of eight abnormal alleles. When analyzing
couples with �4 abnormal alleles to <4 (Table 2), a
significant difference was seen between the FL group
(21.5%) and control group (14.5%) [p¼.023, OR 1.9
(95% CI 1.1–3.3)]. When separating the FL group into
LM and stillbirths a significant difference was only
seen in the LM group [p¼ .041, OR 1.9 (95% CI

1.0–3.7)]. All couples in the FL group had one or more
abnormal alleles, while 23 couples amongst the con-
trols had a zero abnormal allele count (2.3%). Only
one of the couples in the control group and none in
the FL group had five mutant alleles. The control cou-
ple with the five mutant allele count was incorporated
in the �4 mutant allele group.

When separating maternal and paternal MTHFR geno-
types there was no difference in the frequency of the
maternal MTHFR genotypes between the FL group and
controls. The frequency of the paternal 677TT/1298AA
genotype was significantly higher [p¼ .026, OR 2.4 (95%
CI 1.1–5.1)] in the FL group compared with controls,
13.3% versus 9.6%, respectively. When dividing the FL
group into LM and stillbirths, significance for this geno-
type was only seen in the LM group [p¼ .026, OR 2.6
(95% CI 1.1–6.2)]. A significant difference between the FL
group and controls was also found for the paternal
677CC/1298AC genotype, respectively 25.9% versus
21.9% [p¼ .036, OR 2.0 (95% CI 1.1–3.9)], where now
this difference was only seen in the stillbirth group
[p¼ .042, OR 3.3 (95% CI 1.0–10.2)].

Fasting homocysteine was measured in 202 of the
222 women in the FL group. The rate of HHcy was sig-
nificantly higher in the FL group when compared to
the expected frequency (based on the 97.5th centile)
in the control group [p<.0001, OR ¼7.1 (95% CI
4.1–12.3)], respectively 15.3% versus 2.5%. None of the
maternal MTHFR genotypes in the FL group were asso-
ciated with HHcy.

Discussion

The importance of MTHFR in PL is still a matter of sig-
nificant debate. The main finding in this large case–-
control study was a significant difference in the
number of couples with �4 abnormal MTHFR alleles

Table 1. Demographics maternal cases and controls.
Control (n¼ 988) Fetal loss (n¼ 222) Late miscarriage (n¼ 150) Stillbirth (n¼ 72)

Mean ± SEM/n (%) Mean ± SEM/n (%) p Mean± SEM/n (%) p Mean± SEM/n (%) p

Age 27.8 ± 0.2 30.0 ± 0.4 <.001 30.8 ± 0.5 <.001 28.3 ± 0.7 .4935
<35 898 (90.9%) 163 (73.4%) Ref 104 (69.3%) Ref 59 (81.9%) Ref
�35 90 (9.1%) 59 (26.6%) <.001 46 (30.7%) <.001 13 (18.1%) .0214

BMI
<18.5 13 (1.3%) 9 (4.2%) .0015 7 (4.9%) .0036 2 (2.9%) .2856
18.5–24.9 586 (59.3%) 74 (34.7%) Ref 54 (37.8%) Ref 20 (28.6%) Ref

25–29.9 263 (26.6%) 64 (30.0%) .0018 39 (27.3%) .1059 25 (35.7%) .0028
�30 126 (12.8%) 66 (31.0%) <.001 43 (30.1%) <.001 23 (32.9%) <.001

Ethnicity
Caucasian 877 (88.8%) 188 (84.7%) Ref 130 (86.7%) Ref 58 (80.6%) Ref
Asian 68 (6.9%) 18 (8.1%) .9288 11 (7.3%) 1.0000 7 (9.7%) .6440
Other 43 (4.4%) 16 (7.2%) .1621 9 (6.0%) .7932 7 (9.7%) .0811

Smoker
No 906 (91.7%) 171 (80.3%) Ref 112 (78.9%) Ref 59 (83.1%) Ref
Yes 82 (8.3%) 42 (19.7%) <.001 30 (21.1%) <.001 12 (16.9%) .0271

The bold italics values are the variables that are considered significant at 5% significance level (p values < .05).
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compared to <4 between the FL group and controls
(Table 2). The emphasis of the more recent pregnancy
literature on MTHFR has shifted to the potential role
of epigenetic processes and DNA methylation
throughout pregnancy [19,20]. In contrast, most earlier
studies focused on HHcy and adverse pregnancy out-
comes where the mutant MTHFR alleles were consid-
ered to be part of the so-called thrombophilias.

Of course, MTHFR polymorphisms and HHcy, par-
ticularly in individuals with low folate and/or vitamin
B6/B12 status, among other factors potentially affect
DNA methylation and associate with DNA damage
[20–22]. Currently, women with abnormal MTHFR
alleles are often treated with high dose vitamin B12
and folic acid.

The relevance of the findings of this current study
that 21.5% of the FL group had �4 mutant alleles
compared to 14.5% of controls is that in the case of a
couple with four mutant alleles the embryo will inevit-
ably have two abnormal alleles. Reported in the paper
by Zetterberg et al. [18] one or more fetal 677T and
1298C alleles were significantly more prevalent in
spontaneously aborted embryos compared to the wild
type genotype 677CC/1298 AA, which indicates that
MTHFR polymorphisms may have substantial impact
on fetal survival. This effect was not seen in the still-
birth group when dividing the FL group into LM and
stillbirth. Our finding concurs with the study by Silver
et al. [23] that found no association between MTHFR
mutations and stillbirth in mothers and fetuses.
However, their research did not include paternal geno-
types. Both stillbirth and LM were associated with
maternal age, BMI, and smoking in the current study.

Due to the fact that no couples in the FL group
had zero abnormal alleles, a reliable estimate of odds
ratios and confidence intervals could not be obtained
when separating the number of mutant alleles and
comparing them to the wild type. Therefore, we chose
to analyze the number of mutant alleles by grouping
them together as �4 versus <4.

No couples in the FL group in the current study
had more than four mutant alleles. In the study by
Isotalo et al. [17] combined MTHFR 677CT/1298CC and
677TT/1298CC genotypes, containing three and four
mutant alleles, respectively, were not identified in the

neonatal group. This suggests decreased viability
among fetuses with these combined mutations and a
possible selection disadvantage among fetuses with a
high number of mutant MTHFR alleles. In theory, a
couple may have eight mutant alleles. Isotalo et al.
[17] demonstrated that one would typically not expect
more than two abnormal alleles per individual, i.e. not
more than four abnormal alleles per couple.
Surprisingly, we did find one couple with five mutant
alleles in the control group.

Interestingly, not one of the couples in the FL
group had a combined parental genotype with a zero
count for abnormal MTHFR alleles, but it should be
noted that this was also an infrequent finding (2.3%)
amongst the control couples due to the high preva-
lence of these SNPs in the normal population. The
high frequency of these two SNPs has also been
described previously [24], where 677C> T homozygos-
ity amongst Caucasians ranged from 8% to 18% and
1298A>C homozygosity was reported as approxi-
mately 9%. Compound heterozygosity (677CT/1298AC)
ranged from 15% to 20%, which is consistent with the
MTHFR SNP rate in our large control group.

A limitation of our study is the discrepancy in the
number of women (N¼ 222) and men (N¼ 158) tested
for MTHFR, which is due to unknown paternity at the
time of the index PL and a variety of other factors
(male partner absent or not willing to participate, test/
laboratory issues, unknown). Another limitation
regarding paternal participants is that demographics
were not collected.

While the maternal genotypes were not different
between the FL group and controls, we did find a sig-
nificantly higher frequency of the 677TT/1298AA and
677CC/1298AC genotypes amongst the men in the FL
group. The paternal frequency of 677TT/1298AA was
significantly higher in the FL group compared with
controls, 13.3% versus 9.6%, respectively. The paternal
frequency of 677CC/1298AC was 25.9% versus 21.9%,
respectively. The effect of paternal 677TT/1298AA was
not seen in the subgroup stillbirth and for the pater-
nal 677CC/1298AC the effect was not seen in the sub-
group LM. There are several reports of an association
of 677TT with male infertility, particularly in Asian
men. The 1298A>C polymorphism has not been

Table 2. Risks of FL for couples with >4 mutant alleles in MTHFR 677/1298 genotypes combined.
Number of
mutant alleles

Control
n (%)

FL
n (%)

adjOR
(95% CI)a adj pa

Late
miscarriage n (%)

adjOR
(95% CI)a adj pa

Stillbirth
n (%)

adjOR
(95% CI)a adj pa

<4 845 (85.5) 124 (78.5) 1 Ref 82 (77.4) 1 Ref 42 (80.8) 1 Ref
�4 143 (14.5) 34 (21.5) 1.9 (1.1–3.3) .0232 24 (22.6) 1.9 (1.01–3.7) .0408 10 (19.2) 1.6 (0.6–3.7) .2682

FL, fetal loss.
aAdjusted for maternal BMI, age, and smoking.
The bold italics values are the variables that are considered significant at 5% significance level (p values < .05).
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associated with male infertility [25–28]. Due to the fact
that, in the current study, fasting homocysteine levels
were not measured in the men, it is currently uncer-
tain whether the effect of paternal MTHFR polymor-
phisms on FL is due to a possible elevated fasting
homocysteine or another effect of the paternal MTHFR
genotype on sperm quality. Both genotype and HHcy
have been described to affect sperm quality [29].
These interesting findings need to be confirmed in
future studies but appear to suggest that it may be
beneficial to also prescribe folic acid and vitamin B12
for the male partner as part of preconcep-
tion planning.

In the current study, HHcy was seen in 15.3% of
the women in the FL group versus the expected 2.5%
in the control group. As mentioned above, there was
no difference in the frequency of the maternal MTHFR
genotypes between the FL group and controls. This
discrepancy appears to indicate that from a maternal
perspective, HHcy might have a stronger association
with FL than the maternal MTHFR genotype. It is
important to note that these days many pregnant
women consume various “pregnancy vitamin B prepa-
rations” which may “camouflage” the effect of the
MTHFR genotypes [30]. This perhaps is in contrast to
men who typically do not take vitamin B/folic acid
supplements. The current study did not include the
vitamin B/folic acid supplementation status in the
men. Although we did try to exclude women with pre-
scribed high dose folic acid and vitamin B12, we can-
not exclude the possibility that patients were taking
over the counter doses of potent vitamin B/folic acid
preparations without specifically mentioning this to
their care provider.

In conclusion, the presence of parental MTHFR
677C> T and 1298A>C SNPs is associated with FL.
The association between the maternal MTHFR geno-
type with FL is less pronounced than in previously
published articles investigating first trimester miscar-
riages. Maternal HHcy is a significant risk factor for FL.
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