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Reduced breast cancer risk with increasing serum folate in a
case—control study of the C677T genotype of the
methylenetetrahydrofolate reductase gene
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Abstract

Breast cancer risk may be associated with folate status or the C677T genotype of the methylenetetrahydrofolate reductase
(MTHFR) gene. We compared serum folate concentrations and C677T genotype in 141 breast cancer patients and 109 age-matched
controls. Serum folate was significantly lower in cases compared to controls (geometric means, 5.7 versus 6.6 pg/l; P=0.005). Breast
cancer risk was not associated with C677T genotype. After adjusting for age of menarche, parity, alcohol intake and total fat intake
we observed reductions in odds ratios for breast cancer risk comparing the highest with the lowest quartiles of serum folate con-
centrations of 0.23 (95% confidence interval (CI) 0.09, 0.54) for the entire group, 0.27 (CI 0.09, 0.80) for the wild-type and 0.08 (CI
0.01, 0.52) for the heterozygous C677T genotype. We conclude that for the whole group, and the wild-type and heterozygous
C677T genotypes, increased serum concentrations of folate were associated with reduced risks of breast cancer.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Folate plays a key role in cell division by participating
in the production of purine and thymidine nucleotides
necessary for the synthesis and repair of DNA and
regenerating S-adenosylmethionine, a universal methyl
donor that also methylates DNA. Folate deficiency
may be involved in carcinogenesis through impaired
synthesis and repair of DNA, or by causing global
hypomethylation of DNA, a possible early event in
carcinogenesis [1].

Folate status shows a strong interactive effect with the
C677T polymorphism of the methylenetetrahydrofolate
reductase (MTHFR) gene. Published data on the rela-
tion between C677T polymorphism and cancer risk
suggest that the T allele protects against cancer in
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folate-replete individuals but increases the risk under
conditions of impaired folate status [2]. The most com-
pelling clinical and epidemiological evidence linking a
lower folate with increased cancer risk, including con-
centrations not necessarily previously classed as defi-
cient, has been obtained for colorectal cancer. Recent
data confirm the MTHFR C677T polymorphism is a
strong genetic modifier of the effect of folate status on
the risk of colorectal cancer; in folate-replete indivi-
duals, the homozygous T genotype afforded 50% risk
reduction compared to an increased risk for the wild-
type genotype [3].

Previous case—control and prospective cohort studies
have assessed dietary folate intake rather than serum
folate concentrations and the risks of breast cancer have
obtained inconsistent results. In two population-based
case—control studies, a study of Chinese women found
that a high dietary intake of folate was associated with
reduced breast cancer risk [4], whereas no such associ-
ation was found in a study of German women [5]. A
large prospective cohort study of 3483 breast cancer
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cases also examined folate intake and found no associ-
ation with the overall risk of breast cancer [6]. An
advantage of the present case—control study is that
folate nutrition was assessed by direct measurement of
the serum folate and we compared serum folate con-
centrations and the C677T genotype of the MTHFR
gene in breast cancer patients and age-matched controls
to determine if either might play a part in breast cancer
risk.

2. Materials and methods
2.1. Study population

Women referred for management of confirmed breast
cancer at either a private clinic or the outpatient clinic
of Sir Charles Gairdner Hospital, Perth, Western Aus-
tralia, were recruited for the study between December
1992 and November 1994. Eligible cases were aged
between 30 and 84 years, and were residents of the Perth
area. Breast cancer cases ineligible for the study were:
pregnant women; women with a history of antibiotic use
within the previous 6 weeks; women with a previous
history of breast cancer; women unable to speak or read
sufficient English; women undergoing surgery within 3
days of diagnosis; and cases where a definite diagnosis
of breast cancer was not established until the time of
surgery. The present data were collected as part of a
larger dietary case—control study of breast cancer in
which 3-day urine specimens were analysed for lignan
and isoflavonoid phyto-oestrogen content [7]. Recent
antibiotic use disqualified women from participation
because urinary phyto-oestrogen metabolism is affected
by gut flora. 341 women were diagnosed with breast
cancer during the study period. A large number of
women were excluded, as they did not meet the study
criteria, which stipulated collection of blood and the
onerous task of collecting 3-day urine samples after
diagnosis of breast cancer but before any surgery or
other treatment. Serum samples were available from 141
cases.

Cases were individually matched according to 5-year
age groups to control for women living in the same
postal code area and selected randomly from the Perth
electoral roll. Matched controls were invited by letter to
participate in a dietary study, with no mention of breast
cancer being made. Women who reported a personal
history of breast cancer were considered ineligible as
controls. All participants were informed of the nature
and requirements of the study and provided written
consent. In most instances, the same researcher inter-
viewed both the case and matched control and applied
a standard questionnaire to obtain demographic,
reproductive and life-style information. Of the 441
women randomly chosen as controls for the study,

249 did not wish to participate and 45 could not
be contacted. Serum samples were available from 109
control participants.

2.2. Serum and DNA analyses

A single blood sample was drawn by venipuncture
and the separated serum stored at —70 °C. Sera from
both cases and controls were stored together in the same
freezer for a median storage time of 7.6 years. Serum
samples were available from 141 cases and 109 controls.
Serum folate was analysed by competitive immunoassay
using folate-binding protein [8] on an AxSym analyser
(Abbott, USA). MTHFR genotype was determined on
genomic DNA by Hinfl digestion of PCR products as
described by Frosst and colleagues [9]. The interpreta-
tion of the patterns of polymerase chain reaction (PCR)
products in electrophoretic gels was checked separately
by two scientists.

2.3. Urine analyses

A sample of urine pooled over a 3-day collection per-
iod was assayed for urea and ammonia so a measure of
total nitrogen excretion could be obtained as an index
of total food intake [10]. Urinary urea was measured
using an enzymatic rate method on an automatic ran-
dom-access biochemistry analyser (Hitachi 747, Tokyo,
Japan). Urinary ammonia used a glutamate dehy-
drogenase enzymatic method and was measured on a
centrifugal analyser (Cobas Bio, Roche, Switzerland).

2.4. Statistical analysis

The following descriptive statistics were obtained:
reproductive variables including age at menarche, age at
first full-term birth, parity, months of lactation, and age
at menopause were categorised according to classifica-
tions in the published literature [11]. An initial analysis
of risk factors in participants showed that age at
menarche, parity, and dietary fat intake are associated
with breast cancer risk and the regression model was
therefore adjusted for these variables. Since some stud-
ies show that alcohol consumption has an association
with breast cancer risk [12], we included alcohol intake
as a confounding variable, so the final regression model
adjusted for age at menarche, parity, total fat intake
and alcohol intake.

The serum folates were skewed, and were logarith-
mically transformed and presented as geometric means
with 95% confidence intervals (CI). Statistical analysis
was by multivariate logistic regression with SPSS statis-
tical software version 11.0, with an odds ratio (OR) and
its 95% CI used to represent the relative risk for breast
cancer. Whether a variable had a significant effect was
judged by the P-values (two-sided) being <0.05.
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Table 1
Serum folate concentrations in cases and controls related to MTHFR
C677T genotype

Folate pg/l, geometric mean
(95% confidence interval)

Cases Controls P
Wild-type (CC) 6.1 (5.6, 6.8) 7.3 (6.4, 8.2) 0.03
Heterozygous (CT) 5.6 (5.0, 6.2) 6.6 (5.9, 7.4) 0.03
Homozygous (TT) 4.8 (3.8, 6.0)* 5.1 (4.3, 6.2)° 0.60

2 P=0.04 for comparison to CC (wild-type genotype) cases.
® P=0.008 for comparison to CC controls.

3. Results

Descriptive characteristics of cases and controls were
as previously published [7]. In brief, statistical analysis
showed no significant differences between the case and
control groups in age, age at menarche or menopause,
parity, age at first full-term birth, duration of lactation,
anthropometric variables or the following nutritional
variables: intake of alcohol, total energy, total fat or the
percentage energy from fat. There was also no sig-
nificant difference between the cases and controls for the
excretion of total nitrogen over a 3-day period.

The three genotypes of the MTHFR C677T poly-
morphism were denoted as follows: wild-type genotype
as CC; heterozygous genotype as CT; and homozygotes
for the polymorphism as TT. The frequencies of the CC,
CT and TT genotypes for the cases were not sig-
nificantly different to the same genotypes in the controls
(P=0.93, 0.18 and 0.61, respectively), indicating that
breast cancer risk was not significantly associated with
the C677T polymorphism. The C677T genotype fre-
quencies in our total group (cases and controls com-
bined) were as follows: CC in 53% (n=133), CT in
33% (n=82) and TT in 14% (n=235). Although these
frequencies indicate our group is not in Hardy—Wein-
berg equilibrium, the group size of 250 is a relatively
small one in which to assess population-equilibrium
statistics.

Table 2

Serum folate concentrations were significantly lower
in breast cancer cases compared to controls (geometric
means, 5.7 versus 6.6 pg/l; P=0.01). When comparing
cases and controls within each genotype, breast cancer
cases with a CC or CT genotype had significantly lower
serum folate concentrations than controls of the
respective genotype (Table 1). When TT genotype cases
were compared to CC genotype cases and TT cases to
TT controls, both TT groups had significantly lower
folates (Table 1). A subgroup statistical analysis was
performed to test for an interaction between serum
folate concentrations, C677T genotypes and breast can-
cer risk and none was detected (P=0.72). A further
analysis tested for interactions between serum folate
concentrations, breast cancer risk and different inheri-
tance modes for the C677T genotypes; the dominant
mode, CC versus CT and TT genotypes, and the reces-
sive mode, TT versus CC and CT genotypes, and none
was found.

For the multivariate logistic regression analysis,
serum folate concentrations in the controls were cate-
gorised into quartiles and Table 2 shows the OR for
breast cancer risk, adjusted for age at menarche, parity,
alcohol intake and total fat intake for the group as a
whole and the three C677T genotypes. Increasing serum
folate concentrations were associated with reductions in
breast cancer risk, with significant trends through the
quartiles for the entire group and the CC and CT geno-
types. The adjusted OR for breast cancer risk compar-
ing serum folate concentrations in the highest with the
lowest quartiles was 0.23 (CI 0.09, 0.54) for the entire
group, 0.27 (CI 0.09, 0.80) for the CC genotype and 0.08
(CI 0.01, 0.52) for the CT genotype. The TT genotype
showed no trend.

4. Discussion

We observed significant reductions of breast cancer
risk with increasing serum folate concentrations, for the
group as a whole and both the CC and CT genotypes.
The reduction in breast cancer risk is similar to those

Adjusted® odds ratios (OR) and 95% confidence intervals (95% CI) for risk of breast cancer associated with serum folate concentrations in the entire

group and within MTHFR C677T genotypes

Entire group

Wild-type (CC) Heterozygous (CT) Homozygous (TT)

Folate quartiles (pg/l) Cases (1) Controls (1) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
<5.0 62 28 1.00 1.00 1.00 1.00

5.1-6.4 28 27 0.51 (0.23, 1.14) 0.66 (0.19, 2.24) 0.45(0.17, 4.16) 0.39 (0.06, 2.72)
6.5-8.9 35 27 0.48 (0.23, 1.03) 0.48 (0.20, 1.64) 0.29 (0.07, 1.63) 1.37 (0.10, 18.75)
>9.0 16 27 0.23 (0.09, 0.54)** 0.27 (0.09, 0.80)* 0.08 (0.01, 0.52)* Nil#

Trend (P) 0.001 0.02 0.007 0.93

#There were no cases with a TT genotype. *P <0.05; **P <0.01.

2 Adjusted for C677T genotype, age of menarche, parity, alcohol intake, total fat intake.
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observed for the urine excretion of the phyto-oestrogens
equol and enterolactone (OR 0.41 and 0.36, respec-
tively) in the original study [7].

Previous case—control studies assessing dietary folate
intake rather than serum folate concentrations and the
risks of breast cancer have obtained inconsistent results.
As mentioned in the Introduction, in two population-
based case—control studies, the highest quartile of diet-
ary folate intake was associated with a reduced risk of
breast cancer (OR 0.71 (95% CI, 0.56, 0.92)) in a study
of Chinese women [4], whereas no association was
found for a study of German women [5]. A well-
designed, large, prospective cohort study with 3483
breast cancer cases also examined total folate intake and
found no association with the overall risk of breast
cancer [6]. An advantage of the present study is that
folate nutrition was assessed by direct measurement of
serum folate rather than by dietary recall or records.

Two large prospective studies have reported sig-
nificantly lower breast cancer risk with higher folate
intakes only among women who regularly consumed at
least one drink of alcohol per day. These were the recent
update of the Nurses Health Study of 712 breast cancer
cases [13] and a Canadian study of 1469 cases [14],
showing that either higher plasma folates or dietary
intakes, respectively, were associated with a significantly
lower risk in women who regularly consumed at least 15
g/day of alcohol. These studies suggest that the inverse
relation between dietary folate intake and breast cancer
is reliably demonstrated in women who regularly con-
sume alcohol. In our total group of 250 participants
(141 cases and 109 controls), the mean alcohol intake
was 9 g/day, 32% were totally abstinent and only 16%
consumed more than 15 g/day. This suggests that the
present study is not suitable for detecting the effect of
alcohol on folate concentrations. Nevertheless we tested
for any effects of alcohol consumption on folate con-
centrations and did not detect any significant changes.
We also adjusted the multivariate statistical analysis
(Table 2) for alcohol consumption.

This observation of the association of significant
reductions of breast cancer risk with increasing serum
folate concentrations does not necessarily imply caus-
ality. We cannot exclude the possibility that the devel-
opment of breast cancer over many years could in itself
be a cause a lower serum folate. A previous prospective,
nested, case—control study also measured serum folate
concentrations obtained before breast cancer diagnosis
in 195 incident cases and 195 controls and found no
association between serum folate and breast cancer [15].
However, studies with colorectal cancer confirm that the
MTHFR C677T polymorphism is a strong genetic
modifier of the effect of folate status on the risk of
colorectal cancer and in folate replete subjects, the TT
genotype afforded 50% risk reduction compared to an
increased risk for the wild-type CC genotype [3].

We confirm the report of strong interactive effects of
the C677T genotype on folate status [2]. Cases with the
TT genotype had significantly lower serum folates than
CC cases, and TT controls also had significantly lower
serum folates than CC controls. Cases who were either
CC or CT had significantly lower serum folates than
controls of the respective genotypes. It has been sug-
gested that TT individuals are at increased risk for
colorectal cancer when serum folate concentrations are
low [2,3], but we were unable to confirm this for breast
cancer as only 35 (14%] of our 250 participants bore the
TT genotype.

Breast cancer risk was not associated with C677T
genotype in our study and findings have been variable in
the three other studies thus far reported. The T allele
conferred significantly increased risk only in pre-
menopausal breast cancer in one study of 105 cases [16]
while another study of 335 cases reported increased risk
for both pre- and postmenopausal cancer, although the
effect was stronger in premenopausal women [17]. The
third study examined the C677T MTHFR genotypes in
only 62 cases and reported reduced breast cancer risk
in the TT genotype, a finding at odds with the other two
studies [18].

Our findings may also have been influenced by the
timing of collection of blood samples immediately fol-
lowing diagnosis of breast cancer at a very stressful
time, which may have caused the women affected to
have generally eaten less. However, their total urine
nitrogen excretion was not significantly different from
that of the controls, suggesting that differences in serum
folate reflect differences in the types of foods consumed,
not just a general stress-related reduction in food intake
following breast cancer diagnosis.

A low participation rate is also a source of potential
bias. Of the women diagnosed with breast cancer during
the study period, a large number were excluded, mainly
on the basis of a personal decision by some of them to
request immediate surgery, which did not allow suffi-
cient time for the study protocol. The other common
reasons for declining participation were that the final
diagnosis would not be confirmed until the time of their
operation or the women could not arrange for collection
of three consecutive 24-h urine specimens required for
the other arm of this study. Both reasons would have
excluded breast cancer patients on a random rather than
systematic basis and we do not believe either affected
ascertainment.

Controls were recruited from the community with a
less than 50% participation rate. For controls, the main
reason for non-participation was the onerous task of
collecting three 24-h urine specimens required for
another arm of this study while maintaining their usual
activities. It is possible that women with an interest in
their health and diet would be more likely to volunteer
as controls. We were not permitted to record demo-
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graphic details of prospective case or control women
who finally elected not to participate in the study, and
are therefore unable to comment on the possible effects
of this self-selection process. However, we acknowledge
that our study may have been biased by recruitment of
control women with a special interest in their diet and
whose serum folate concentrations may therefore have
been higher than the average for the community as a
whole. This bias might have contributed to the sig-
nificantly lower serum folate we observed in cases com-
pared to controls.

With this reservation, we conclude that after adjusting
for age of menarche, parity, alcohol intake and total fat
intake, increased concentrations of serum folate were
associated with reduced risks of breast cancer for the
group as a whole and for both the CC and CT geno-
types. We also find that breast cancer risk was not
associated with C677T genotype.
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