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Abbreviation: Methylenetetrahydrofolate reductase (MTHFR)

A bstracts

To evaluate the interactive effect of m ethylenetetr-
ahydrofolate reductase  (M TH FR ) genotype and  
dietary factors on the developm ent of breast can -
cer, a  hospital based case-control study w as 
conducted in  South K orean study population  
consisting of 189 histo logically confirm ed incident 
breast cancer cases and their 189 age-m atched  
controls w ithout present or previous history of 
cancer. A  PC R -R FLP m ethod w as used for the  
genotyping of M TH FR  (C677T ) and statistical eva -
luations w ere perform ed by unconditional log istic  
regression analysis. Consum ption of som e dietary  
factors, such as green vegetables (O R = 0.3, 95%  
C I: 0 .2-0.6), w hite vegetab les (O R = 0.3, 95%  C I: 

0 .1-0.7) m ushroom s (O R = 0.4, 95%  C I: 0 .3-0.7), 
and m eats (O R = 1.7, 95%  C I: 1.1-2.8) significantly  
decreased or increased the risk o f breast cancer. 
A lthough the breast cancer risk w as 1.7-fold (95%  
C I: 0.8-3.2) increased in  w om en w ith  M TH FR  TT  
genotype, the association was not statistically sig -
nificant. W om en with MTHFR  TT genotype and low  
green vegetable intake increased 5.6-fo ld  (95%  C I: 
1 .2-26.3) risk o f breast cancer com pared to  h igh  
green vegetab le intake group contain ing M TH FR  
CC/CT  genotype. How ever, the interaction was not 
sign ificant (p for interaction = 0.96). O ur findings  
suggest that M TH FR  polym orphism  d id not influ -
ence individual susceptib ility to  breast cancer. 
H ow ever M TH FR  (C 667T ) genotype and green ve-
getable in takes appeared to  have the interactive  
effect in  breast cancer developm ent.

Keywords: MTHFR ; genetic polymorphism; green ve-
getable; breast cancer

In troduction
Methylenetetrahydrofolate reductase (MTHFR) acts at 
a critical metabolic juncture in the regulation of cell-
ular methylation reaction by catalyzing the conversion 
of 5,10-methylenetetrahydrofolate to 5-methyltetrahyd-
rofolate (Frosst P et al., 1995). A C677T base change 
in the MTHFR  gene causes an alanine to valine 
substitution in the MTHFR  protein, which is associ-
ated with reduced enzyme activity; individuals with the 
MTHFR  TT and CT genotypes have only about 30% 
and 65%, respectively, of the in vitro enzyme activity 
seen in those with the CC genotype (Frosst P, et al., 
1995). Recently the MTHFR TT genotype was shown 
to be associated with halved level of DNA methylation 
compared with those with the CC genotype (Song KS 
et al., 2001; Frisco S et al., 2002).
  In a study involving a total of 88,818 women of 
the Nurses' Health Study, low levels of folate appea-
red as a risk factor for breast cancer if associated 
with high alcohol intake (Zhang S et al., 1998). The 
possible protective role of dietary folate in breast 
carcinogenesis was supported by data from a pop-
ulation-based case-control study among 1321 cases 
and 1382 controls in urban Shanghai (Shrubsole MJ 
et al., 2001). 
  The recent evidence suggested that in addition to 
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alcohol intake, the effect of folate in the breast cancer 
risk might be modulated by the MTHFR  gene poly-
morphism (Gershoni-Baruch R et al., 2000). Only one 
previous association study (Campbell IG et al., 2002) 
consisting of 233 breast cancer cases and 335 con-
trols suggests that the low activity MTHFR  C667T 
genotype may increase the risk of early onset breast 
cancer in Caucasian women. We conducted such a 
study in a Korean population, to evaluate the potential 
association between MTHFR  C667T polymorphism 
and breast cancer risk and additionally to evaluate the 
interactive effect of MTHFR  genotype and dietary 
factors on the development of breast cancer. 

M ateria ls and M ethods
Study subjects
All study subjects were recruited from March 1994 to 
July 1998 from three teaching hospitals located in 
Seoul, Korea (Seoul National University Hospital, Bor-
ame Hospital, and Asan Medical Center) under the 
approval of the Institutional Review Board of Seoul 
National University Hospital. The selection of study 
subjects was described elsewhere (Yim DS et al., 
2001). Women with a first diagnosis of histopha-
thologically confirmed, incident breast cancer and 
from whom a blood sample was available were selec-
ted as cases (n = 204), Control subjects (n = 332), 
comprising individuals with no present or previous 
history of breast cancer, were simultaneously recru-
ited in the same hospitals. Women with amenorrhea, 
previous history of hysterectomy, oophorectomy, hor-
mone replacement therapy, and hormone-related dis-
ease such as thyroid problem were excluded from 
both groups. According to the above criteria, 189 
cases and 233 control subjects were eligible for the 
study. Each patient was the frequency matched to 
one control subject according to the following age 
groups: under 29, 30-34, 35-39, 40-54, 55-69, and 
over 70 years. Consequently, the final study popula-
tion consisted of 189 cases and 189 control subjects. 
A hospital based case-control study was conducted 
in South Korean study population consisting of 189 
histologically confirmed incident breast cancer cases 
and their 189 age-matched controls without present 
or previous history of cancer with a sufficient blood 
sample available were recruited in the same depar-
tment in the hospital during the same period.
  Informed consent was obtained from all participants 
at the time of blood withdrawal. Information on de-
mographic characteristics, education, marital status, 
family history of breast cancer, reproductive and 
menstruation, life style habits (including smoking, al-
cohol consumption) was collected using a quest-
ionnaire administered by trained interviewers. Informa-

tion on alcohol consumption was obtained by three 
questions: (1) how frequently do you drink alcohol 
(i.e. per week, month, or year); (2) how long have 
you been drinking; and (3) have you ever quit drink-
ing? Dietary data were collected by interviewer- 
administered questionnaire, using the short food- 
frequency questionnaire method, consistency of five 
food groups and three cooking methods (frying, broil-
ing, and grilling). A five food groups (mushroom, me-
ats, green vegetables, white vegetables, and fruits), 
suspected of being associated with breast cancer, 
were selected from previous published studies and 
asked the frequencies of consumption (every day, 
3-4/month, 3-4/week, almost never). Green vegetables 
included lettuce, green pepper, perilla leaves, carrot, 
and squash. White vegetables included radish, cabb-
age, and soybean sprout. Meats included beef, pork, 
and chicken. Subjects were asked about the average 
frequency of intake for a period of one year prior to 
the interview. The information of cooking methods 
was not used for the analysis because of the many 
missing values. 

G enotyping
MTHFR  genotypes were assayed by enzyme diges-
tion of Hinf I after PCR amplified, which was modified 
by Frosst et al. (1995). Blood was collected in 10 ml 
heparinized tubes and centrifuged at 3,000 rpm for 
10 min at room temperature within 10 h of collection. 
Plasma, buffy coat, and red blood cells were se-
parated and stored at -70oC. The buffy coat (0.5-1 
ml) was kept frozen until DNA extraction by an 
Applied QIAGEN extraction kit using protocols and 
reagents supplied. The extracted DNA was stored in 
-20oC until genotypes were determined. Polymerase 
chain reaction (PCR) was done with a PCR thermal 
cycler (TP2000, Takara Biomedicals, Kyoto, Japan) in 
30 µl reactions, using 200 ng of genomic DNA in 1 
× Expand HF buffer (Boehringer Mannheim, Mann-
heim, Germany) with 1.5 mM MgCl2, 250 µM dNTPs, 
0.5 µM primers and 0.7 U of ExpandTM High Fidelity 
PCR System Enzyme Mix (Boehringer Mannheim, 
Germany). The sequences of the primers were: 5'-T 
GAAGGAGAAGGTGTCTGCGGGA-3'and 5'-AGGAC-
GGTG-CGGTGAGA-GTG-3' (reference). The condit-
ions for PCR included an initial denaturation at 94oC 
for 3 min, followed by 30 cycles of denaturation at 
94oC for 1 min, annealing at 55oC for 2 min, exten-
sion at 72oC for 3 min, and a final extension at 72oC 
for 7 min. The amplified products were digested with 
Hinf I (New England Biolabs Inc.) at 37oC for 4 h. 
The C-to-T transition creates a new Hinf I site. The 
digested products were electrophoresed in a 3% 
agarose gel.
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Statistical analysis
Odds ratios (ORs) and 95% confidence intervals (CIs) 
were calculated by unconditional logistic regression 
model. The ORs were adjusted for age, education, 
BMI, and family history of breast cancer. The com-
bined effect of MTHFR  and diets were assessed by 
adding multiplicative interaction product in the final 
model. To increase the statistical power, the respec-
tive genotypes were divided into two groups in the 
statistical analyses. The product variable between 
genotypes of MTHFR  and diet intake (genotypes of 
MTHFR × intake of diet) was added in the logistic 
m odel when evaluating the interactive effect of 
MTHFR  genotype and diets on breast cancer risk. 
Diets containing higher folate and/or with stronger 
statistical significance were only evaluated for the 
interaction with the MTHFR  genotype. All analyses 
were carried out with the SPSS (version 10.0) statis-
tical software package.

R esu lt
The distribution of known risk factors of breast cancer 
was compared in cases and controls (Table 1). These 
two groups differed statistically in education (P =
0.01), marital status (P = 0.05), family history of 
breast cancer (OR = 3.1, 95% CI: 1.1-8.6), and alco-
hol consumption (OR = 1.6, 95% CI: 1.0-2.8). 
  Among dietary factors, green vegetables (OR = 0.3, 
95%CI: 0.2-0.6), white vegetables (OR = 0.3, 95%CI: 
0.1-0.7), and mushroom (OR = 0.4, 95%CI: 0.3-0.7) 
decreased the risk of breast cancer, but the intake 
of meat increased the risk (OR = 1.7, 95%CI: 1.1-2.8) 
(Table 2). 
  The distribution of MTHFR  genotypes in the study 
population is shown in Table 3. Of all cases, 34% 
had the CC genotype, 54.4% had the CT genotype 
and 11.6% had the TT genotype; the distribution 
among controls was 31.2, 51.6, and 17.2%, respec-
tively. However, no significant deviation was observed 
in the prevalence of MTHFR  TT genotypes in the 
breast cancer cases compared to controls, neither in 
the total study group nor when stratified by meno-
pause status (Table 3). 
  Although the breast cancer risk was 1.7-fold (95% 
CI: 0.8-3.2) increased in women with MTHFR TT 
genotype, the association was not statistical signifi-
cant. Women with MTHFR  TT genotype and low 
green vegetable intake increased 5.6-fold (95%CI: 
1.2-26.3) risk of breast cancer compared to high 
green vegetable intake group containing MTHFR  
CC/CT genotype (Table 4). Women with MTHFR  TT 
genotype and low mushroom intake increased 4.4-fold 
(1.8-11.1) risk of breast cancer compared to women 
with high mushroom intake containing MTHFR  CC/ 

CT genotype (data not shown). However, the interac-
tion was not significant (p for interaction = 0.96, for 
green vegetable; p for interaction = 0.56, for mush-
room).

D iscussion
In this study, there was no difference in breast cancer 
risk associated with MTHFR  genotype. The allele 
frequencies in controls were in Hardy-Weinberg equil-
ibrium and the frequency of the MTHFR  TT homozy-
gotes (11.6%) was similar with that previously obse-
rved in Chinese (17.2%) (Song C, et al., 2001), Japa-
nese (14.8%) (Matsuo K et al., 2001), and Cauc-
asians (15%) (Zhang S et al., 1998). 
  The results of previous association studies of the 
MTHFR  C667T polymorphism and breast cancer are 
inconsistent. Gershoni-Baruch et al. (2000) reported 
that the 677T allele occurred significantly more fre-
quently in the Jewish women diagnosed with bilateral 
breast cancer or combined breast and ovarian cancer. 
Sharp et al. (Sharp L et al., 2002), however, did not 

Tab le 1 . Selected characteristics for matched breast cancer cases and
controls.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ
Characteristics Cases (%) Controls (%) OR (95% CI)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Age
Under 29   1 ( 0.5)   1 ( 0.5)

30-34  18 ( 9.5)  18 ( 9.5)
35-39  28 (14.8)  28 (14.8) 1.00M H

40-54  90 (47.6)  90 (47.6)
55-69  42 (22.2)  42 (22.2)

Over 70  10 ( 5.3)  10 ( 5.3)

Education (year)
＜12 135 (71.4) 145 (86.3)
≥12  54 (28.6)  23 (13.7) 0.01Chisq

Marital status
Single  11 ( 5.8)   3 ( 1.6)
Married 178 (94.2) 184 (98.4) 0.05FET

Family history
No 170 (89.9) 181 (95.8) 1.0
Yes  19 (10.1)   8 ( 4.2) 3.1 (1.1-8.6)

Alcohol drinking
＜1/month 137 (72.5) 157 (83.1) 1.0
≥1/month  52 (27.5)  32 (16.9) 1.6 (1.0-2.8)

Smoking (cig./lifetime)
＜400 179 (94.7) 116 (92.1) 1.0
≥400  10 ( 5.3)  10 ( 7.9) 0.8 (0.32-2.16)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
MH, Mentel-Hanenszel’s chi-square test for trend; Chisq, chi-square
test; FET, Fisher’s exact test.
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observe any significant difference in the genotype 
distributions between 62 cases and 66 controls within 
a case-control study from a Scottish population, whe-

reas Campell et al. (2002), however, suggested a 
positive association between low MTHFR  activity 
genotype and the risk of early onset breast cancer 
in Caucasian women. Inconsistencies from previous 
studies might be due to several factors including sm-
all sample sizes, subject selections, and interethnic 
difference in allele frequencies, and so on.
  Consistent with our findings, majority of previous 
studies on the risk of breast cancer and dietary habits 
suggest a moderate protective effect for a high con-
sumption of vegetables (Gandini S et al., 2000). For 
fruit intake, however, study results were less clear. 
Fruits and vegetables are common sources of many 
candidate protective substances, including caroteno-

T a b le  2 . ORs and 95%  CIs for association between selected types of food and breast cancer risk.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Food group Cases Controls OR* (95% CI) P value
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

Green vegetables
＜1/wk  67 ( 35.8)  32 ( 16.9) 1.0
≥1/wk 120 ( 64.2) 157 ( 83.1) 0.3 (0.2-0.6) P ＜ 0.001

W hite vegetables
＜1/wk  19 ( 10.2)   7 (  3.7) 1.0
≥1/wk 168 ( 89.8) 182 ( 96.3) 0.3 (0.1-0.7) P = 0.015

Fruits
＜1/wk  33 ( 17.6)  31 ( 16.8) 1.0
≥1/wk 154 ( 82.4) 158 ( 83.6) 1.0 (0.6-1.7) P = 0.784

Mushrooms
＜1/wk 129 ( 69.0)  93 ( 49.2) 1.0
≥1/wk  58 ( 31.0)  96 ( 50.8) 0.4 (0.3-0.7) P ＜ 0.001

Meats
＜1/wk 130 ( 69.5) 148 ( 78.3) 1.0
≥1/wk  57 ( 30.5)  41 ( 21.7) 1.7 (1.1-2.8) P = 0.032

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
   Total 187 (100.0) 189 (100.0)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
*adjusted for age, education, BMI, and family history of breast cancer.

T a b le  3 .  O R s a nd  95 %  C Is  fo r asso c ia tio n  b e tw e en  M T H F R
genotypes and breast cancer.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Genotype Cases Controls OR* (95% CI)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

All
CC  58 (31.2)  50 (34.0) 1.0
CT  96 (51.6)  80 (54.4) 1.0 (0.6-1.7)
TT  32 (17.2)  17 (11.6) 1.7 (0.8-3.4)
CC+CT 154 (82.8) 130 (88.4) 1.0
TT  32 (17.2)  17 (11.6) 1.7 (0.8-3.2)

Premenopausal
CC  33 (29.5)  24 (29.6) 1.0
CT  59 (52.7)  46 (56.8) 0.8 (0.4-1.7)
TT  20 (17.9)  11 (13.6) 1.5 (0.7-3.8)
CC+CT  92 (82.2)  70 (86.4) 1.0
TT  20 (17.9)  11 (13.6) 1.7 (0.7-3.9)

Postmenopausal
CC  25 (33.8)  23 (39.0) 1.0 
CT  37 (50.0)  32 (54.2) 1.1 (0.5-2.5)
TT  12 (16.2)   4 ( 6.8) 2.6 (0.7-9.7)
CC+CT  62 (83.8)  55 (93.2) 1.0
TT  12 (16.2)   4 ( 6.8) 2.4 (0.7-8.4)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
*adjusted for age, education, BMI, and family history of breast cancer.

T a b le  4 . The ORs* and 95%  CIs for MTHFR  genotypes in relation
to green vegetables intake in breast cancer development.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Green vegetable intake
 MTHFR   ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
genotypes ≥1/week <1/week

(cases/controls) (cases/controls)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

CC+CT 1 3.8 (2.1-6.9)
(97/109) (57/19)

TT 1.8 (0.9-3.6)  5.6 (1.2-26.3)
(22/17) (10/2)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
*adjusted for age and family history of breast cancer, p for interaction
=0.96.
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ids, with and without vitamin A activity, and ascorbic 
acid. Caroteinoids and vitamin C may protect against 
breast cancer due to their role in antioxidant defense. 
If the consumption pattern of fruits is more homog-
enous than vegetables, or vice versa, in any given 
population, and both groups are equally protective per 
amount consumed, then the food group with the wider 
range of exposure is more likely to yield a larger 
effect (Gandini S et al., 2000). However, the intake 
of meat increases the risk of breast cancer in this 
study. Recently, there has been interest in evaluating 
whether intakes of specific types of fat are associated 
with the risk of breast cancer. A pooled analysis of 
cohort studies (Smith-Warner SA et al., 2001) are 
suggestive of a weak positive association for substitu-
ting saturated fat consumption for carbohydrate cons-
umption; however, substituting monounsaturated fat 
consumption for either saturated or polyunsaturated 
fat intakes was associated with a nonsignificantly 
lower breast cancer risk. In Korea, almost all the 
intake of saturated fatty acid comes from meat, espe-
cially beef, pork, or chicken. 
  Since folate levels were not analyzed in this study, 
we could not directly evaluate the interacting effect 
of folate and MTHFR on breast cancer risk. However, 
given that in a previous study on colon cancer, the 
beneficial effect of MTHFR mutant type on cancer risk 
was not observed among individuals with lower folate 
intake or higher alcohol consumption (Ma J et al., 
1997), the present lack of significant interaction 
between the MTHFR  genotype and folate intake on 
breast cancer risk could possibly be explained by the 
reportedly low average level of folate intake in Korean 
women (Lim HS et al., 2000). 
  In addition to not measuring folate levels in blood 
(plasma or RBC), this study had some other limita-
tions like being a hospital-based study. However, the 
power of this study was 72% (one-side test of signif-
icance, α = 0.05) for detecting a modest OR of 1.7 
for association between MTHFR  TT genotype and 
breast cancer risk. 
  In conclusion, our results suggest that MTHFR  
(C677T) genotype has no significant modifying role in 
susceptibility to breast cancer in Korean population, 
but the MTHFR (C677T) polymorphism and some diet 
intakes appeared to have the association in breast 
cancer development. Further studies involving larger 
number of subjects are needed to confirm these pre-
liminary observations. 
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