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Abstract

Background DNA methylation is an important epigenetic

process for transcriptional control of human genome

including those genes involved in cancer initiation and

progression. Clinical studies have suggested that biological

explanation to the protective effect of some nutrients could

be linked with the DNA methylation. Folate is a primary

methyl donor nutrient; it has been shown to play a key role

in DNA methylation, repair and synthesis, by acting as

co-factors and/or substrates in this metabolic pathway.

Likewise, activity of a key enzyme, the methylenetetra-

hydrofolate reductase (MTHFR) has also been shown to

influence DNA methylation. Overall, these findings support

the notion that dietary intake as well as genetic factors play

a role in one-carbon metabolism.

Aim of the study This study is to evaluate the dietary

intake of nutrients involved in one-carbon metabolism and

the genotype of MTHFR 677 C [ T with respect to GC

risk.

Methods We carried out in January 2004 a population-

based case–control study in the metropolitan area of

Mexico City. A total of 248 histological confirmed GC

patients were recruited from nine tertiary hospitals, along

with 478 age and sex-matched controls. Nutrient intake

was estimated from food frequency questionnaire; the

MTHFR 677C [ T genotype was determined by PCR-

RFLP analysis.

Results A significant reduction in diffuse GC risk was

observed for MTHFR 677 TT genotype among individuals

with high consumption of folate (OR = 0.23; 95% CI

0.06–0.84), choline (OR = 0.55; 95% CI 0.33–0.9) and

Vitamin B6 (OR = 0.59; 95% CI 0.36–0.96) compared to

MTHFR 677 CC ? CT carriers. Among subjects with low

consumption of methionine, a reduced risk of diffuse GC

was also detected (OR = 0.40; 95% CI 0.16–0.97). In

contrast, carriers of the MTHFR 677 TT genotype with a

low consumption of folate had a significant increased risk

of intestinal GC (OR = 1.88 95% CI 1.02–3.47). A folate–

MTHFR 677 C [ T interaction in the borderline of sig-

nificance (P = 0.055) was detected.

Conclusions It is probable that GC prevention requires

dietary recommendations according to the individual

genotype; nevertheless, the available information to this

respect is still very limited.
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L. F. Oñate-Ocaña

Department of Gastroenterology,

Gastric Neoplasia Clinic,

National Institute of Cancer, San Fernando 22,

Col. Sec XVI, Deleg Tlalpan,

14080 Mexico City, Mexico

J. Chen

Department of Community and Preventive Medicine,

Mount Sinai School of Medicine, 1 Gustave Levy Place,

New York, NY 10029, USA

R. Herrera-Goepfert

Department of Pathology, National Institute of Cancer,

San Fernando 22, Col. Sec XVI, Deleg Tlalpan,

14080 Mexico City, Mexico

123

Eur J Nutr (2009) 48:269–276

DOI 10.1007/s00394-009-0010-5



Introduction

The incidence and mortality of gastric cancer (GC) have

decreased for the past 70 years; the reduction was mainly

restricted to intestinal GC [8]. GC is now the fourth most

frequent and the second most deadly cancer at a global

level [8]. In 2000, about 75% of diagnosed subjects die due

to this neoplasia [8]. In Mexico, incidence and mortality of

GC have not decreased; it is the second cause of death by

malignant neoplasias [23, 29] and, as opposed to other

countries, diffused GC is more prevalent than the intestinal

type [28].

Gastric cancer is a multifactorial disease; its marked

geographical variation and the migratory relation in its

incidence suggest that environmental factors and lifestyle

are major contributors to its aetiology [8]. Infection by

Helicobacter pylori (H. pylori) is considered a necessary

cause [10, 27]; however, the infection by itself is not the

only determinant, since only 3% of H. pylori seropositive

individuals eventually develop the tumour [32]. Con-

sumption of salty foods and low consumption of certain

types of vegetables (non-starchy vegetables and alliums)

and fruits increase GC risk [38].

Folate, mainly from vegetables, some fruits and fortified

cereals [13], together with other nutrients, such as methi-

onine, choline and vitamins B6 and B12 are key

components in one-carbon metabolism by acting as methyl

donors or cofactors [6, 17]. Deficiency of these nutrients

reduces the concentration of S-adenosylmethionine (SAM)

and increases levels of S-adenosylhomocysteine (SAH);

that in turn decreases the degree of methylation [9] and

impairs DNA repair [24]. The protective association of

dietary folate consumption has been shown in diverse types

of cancer [19, 20, 31]; however, inconsistent evidence is

available in relation to GC. A recent cohort study show no

association between blood folate levels and GC risk among

Europeans [36], while others reported inverse associations

of dietary folate and GC risk [19, 38]. Also, there is lim-

ited, inconsistent evidence, about the association between

dietary methionine intake and risk of GC [37]. No infor-

mation is available regarding choline and GC. Sparse and

contrasting results relate Vitamin B12 with GC risk, and

suggestive negative associations are reported regarding

Vitamin B6 and GC risk [37].

DNA methylation has been shown to be correlated with

the activity of a key one-carbon metabolizing enzyme,

Methylenetetrahydrofolate reductase (MTHFR) [9]; the

carriers of the variant genotype (MTHFR 677TT) had

twofold increase in GC risk compared to those with the

MTHFR 677CC genotype [2, 25, 41].

Herein, we conducted a population-based case–control

study that evaluates the dietary intake of nutrients involved

in one-carbon metabolism (folate, choline, methionine and

vitamins B6 and B12) and the genotype of MTHFR 677

C [ T with respect to GC risk in a Mexican population.

Materials and methods

We carried out a population-based case–control study in

the metropolitan area of Mexico City in January 2004. The

cases were later followed to evaluate factors associated

with survival; results of the follow-up study have been

published elsewhere [11]. This study was approved by the

IRB of the National Institute of Public Health (INSP) and

written informed consent was obtained from all

participants.

Cases

Cases were individuals, newly diagnosed and histological

confirmed, with adenocarcinoma of the stomach, older than

20 years of age, with at least 3 years of residency in

Mexico City and/or surrounding areas, with no history of

cancer. Gastric tumours were classified by a single expert

pathologist, according to the TNM system [21] as well as

Lauren’s histological type (diffuse vs. intestinal). Patients

were recruited from oncology and/or gastroenterology units

of nine tertiary care hospitals in the metropolitan area of

Mexico City (Hospital de Oncologia, Hospital de Espe-

cialidades la Raza, Hospital de Especialidades del Centro

Médico Siglo XXI, Instituto Nacional de Cancerologı́a,

Hospital General de México, Instituto Nacional de Ciencias

Médicas y Nutrición Salvador Zubirán, Hospital Juárez,

Hospital Adolfo López Mateos, and Hospital 20 de No-

viembre). A total of 263 eligible individuals were identified

and 257 agreed to participate (rate of participation 97.7%).

The total number of identified cases corresponds to almost

60% of all GC cases in the area reported to the National

Registry of cancer during the recruitment period of this

study.

Controls

For each index case, up to two healthy individuals were

recruited of the same age (±5 years) and sex, which was at

least 20 years old, without a history of any type of cancer

and with permanent residency in Mexico City and sur-

rounding area. Eligible controls were identified by means

of the master sampling framework, built by the INSP and

used to select dwellings for the national health surveys.

Based on household census, a probabilistic list of almost

1400 blocks, with different number of houses, was avail-

able for this study. When there was more than one eligible

control in the same house, he/she was chosen randomly

using Simple Random Sampling; when no one was eligible,
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the interviewer went to the next house to the right. Finally,

478 of 507 eligible controls agreed to participate (response

rate of 94.3%).

Interviews

Eligible subjects were interviewed about their sociodemo-

graphic characteristics, clinical history, lifestyles and

dietary patterns. The dietary information went back 3 years

before the appearance of symptoms, for the cases, and

3 years before the interview, for the controls. Although the

interviewers knew the condition of being a case or a con-

trol, they were blind to the hypothesis of the study. Cases

were interviewed at the hospital and controls in their

homes.

Nutrients involved in one-carbon metabolism intake

Intake of folate, choline, methionine and vitamins B6 and

B12 was estimated through a semi-quantitative food fre-

quency questionnaire (FFQ) which was previously

validated [12, 14]. It included 127 foods with pre-deter-

mined portions, which were divided into the following

groups: milk products, fruits, meats, vegetables, legumes,

cereals, drinks, oils, local dishes, sodas and candies. It also

included 10 categories of consumption frequency, from

‘‘never’’ up to ‘‘six times a day.’’ The complete of FFQ

took an average of 25 min.

The frequency of consumption of fruits and vegetables

was adjusted according to their availability in the market.

In addition, information was obtained on the cooking

method used with 74 foods, in order to have a more

precise calculation of folate intake [34]. Consumption

frequencies of individual foods were converted to grams

per day.

Intake of calories and nutrients was estimated by means

of the computerized Food Intake Analysis System (FIAS

3.0), whose nutritional values were adapted to Mexican

foods and the methodology has been previously published

[22]. Briefly, this methodology consisted of a comparison

between the nutrient values of the foods in this programme

and those corresponding to the ones reported in the Tables

of Food Composition, designed by the ‘‘Salvador Zubirán’’

National Institute of Nutrition [26]. When a nutritional

value differed by more than 10% when comparing both

sources of information, we took the one from the second

source.

For the purpose of this study, the nutrient tables were

updated with choline values reported by the U.S. Depart-

ment of Agriculture [15] and for methionine those

contained in the food composition tables of the ‘‘Salvador

Zubirán’’ National Institute of Nutrition [26].

Nine subjects were excluded from the subsequent anal-

ysis, who reported a daily caloric intake [4500 kcal, as a

control measure of information quality, so the final sample

size was 248 cases and 478 controls.

Blood samples

A 15 ml of blood was obtained from each patient, before

they received treatment, and refrigerated for up to 2 h until

their separation in plasma, buffy coat and red cells. Plasma

and buffy coat samples were stored at -70 �C until further

analysis.

Determination of H. pylori CagA serology status

The presence of antibodies (IgG) against H. pylori CagA?

antigen was determined by an ELISA method based on the

presence of serum IgG antibodies against orv220, a 65,000

Dalton recombinant cagA-encoded protein purified from

Escherichia coli [1], according to the methodology and

control quality described previously [1].

MTHFR 677 C [ T genotyping

Genomic DNA from cases was extracted from buffy coat,

using QIAamp DNA Blood Mini Kit (Qiagen, Inc.,

Valencia CA) following the manufacturer’s protocol.

MTHFR 677C [ T genotypes were determined by PCR-

RFLP, according to Chen et al. [4].

Statistical analysis

Selected general characteristics between cases and controls

(age, sex, education, total energy intake, etc.) were com-

pared by v2 and t-test accordingly.

The observed distribution of the MTHFR 677C [ T

genotypes in the total population was compared with the

expected one using the Hardy–Weinberg equilibrium test

and the medians of dietary consumption of methyl

donors adjusted by residual energy, age and sex, were

compared between cases and controls using the Mann–

Whitney test.

Unconditional logistic regression models were used to

assess the association between dietary intake and genetic

polymorphism in relation to risk of GC. The dietary intake

was categorized into tertiles based on the distribution in the

control group. Odds ratios were adjusted by age, sex,

education and energy intake. The association between

MTHFR 677 C [ T genotype and GC was estimated

according to following genetic models: codominant model

(CC vs. CT vs. TT), recessive model (CC ? CT vs. TT),

dominant model (CC vs. CT ? TT) and allele carriers
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(allele C vs. allele T). Due to small sample size, only the

adjusted ORs of the recessive model by histological type

are presented according to the dietary recommended

allowances (RDA) for folate, choline and vitamins B12 and

vitamin B6 intake (low folate \ 400 lg/d vs. high

folate C 400 lg/g; low choline \ 425 mg/d vs. high cho-

line C 425 mg/d; low vitamin B12 \ 2.4 lg vs. high

vitamin B12 C 2.4 lg; low vitamin B6 \ 1 mg/d vs. high

vitamin B6 C 1 mg/d), except for methionine where the

median intake among controls was used as a cut off point.

(low \ 1653 mg/d vs. high C 1653 mg/d) [3, 16] since no

RDA is not available. The final models included as con-

founding variables, age, sex, energy and education that

were selected a priori, as well as H. pylori CagA?, vege-

tables, beans, salt use, chilli consumption because they

resulted significantly associated with the risk of CG. All the

analyses were performed using the statistical software Stata

9:0 (Stata, College Station, TX, USA).

Results

The age (mean of 58 years) and sex (54% males) distri-

butions were similar between cases and controls. The cases

had significant higher years of education and total energy

intake compared to controls (data not included in the

tables). The consumption of vegetables and beans showed a

significant inverse association with GC, in contrast with the

intake of salt and chilli pepper as well as H. pylori CagA?

status that significantly increased the risk of GC. A mar-

ginal association between alcohol consumption and GC

risk was also detected (Table 1).

Folate consumption was significantly higher among

controls compared to cases. A non-significant increase in

median intakes of choline and vitamin B12 was also

observed among controls. In the meantime, the mean intake

of methione was non-significantly higher in the cases;

vitamin B6 consumption was the same in both groups

(Table 2).

Table 1 Factors associated with gastric cancer in the study

population

Factor Cases

(n = 248)

Controls

(n = 478)

ORa 95% CI P for

trend

Vegetables (portion/week)b

2.2–25.6 75 159 1.0 0.000

25.7–33.1 105 160 0.71 (0.47–1.09)

33.2–129.9 68 159 0.32 (0.19–0.53)

Beans (portion/week)

0.0–2.7 149 265 1.0 0.008

2.8–5.0 26 105 0.40 (0.24–0.67)

5.1–17.5 73 108 0.63 (0.41–0.97)

Salt use

Never 81 178 1.0 0.003

Rarely 72 181 1.01 (0.67–1.51)

Frequently/Always 95 119 1.83 (1.22–2.72)

Chilli consumption

No 49 140 1.00 0.001

Regular 95 203 1.19 (0.77–1.84)

Much 103 135 1.96 (1.26–3.05)

Alcohol consumption

No 126 302 1.0

Yes 122 176 1.38 (0.98–1.96)

H. pylori CagA?c

Negative 54 156 1.0

Positive 174 311 1.73 (1.18–2.55)

a Adjusted by energy (kcal/day), age (years), sex and education

(years)
b Cauliflower, broccoli, purslane, corn, potato, sweet potato, carrot,

spinach, green squash, prickly chayote, lettuce, red tomato, edible

cactus leaves, avocado, pumpkin flowers, beets, onion
c Cells add up less than the total sample size due to missing values

Table 2 Gene and nutrient factors involved in one-carbon metabo-

lism, by case–control status

Factor Cases (n = 248) Controls (n = 478) P-value

Genotype MTHFR 677 C [ T (%)a

CC 14.9 18.7 0.3434b

CT 53.1 45.4

TT 31.9 35.9

Folate (lg/day)

Median 263.8 281.9 0.001c

P25 219.5 248.9

P75 311.9 323.1

Choline (mg/day)

Median 591.1 609.5 0.103c

P25 487.8 521.3

P75 711.7 713.5

Methionine (mg/day)

Median 605.2 600.3 0.595c

P25 462.3 454.0

P75 774.2 750.1

Vitamin B12 (lg/day)

Median 4.4 4.6 0.460c

P25 2.7 3.3

P75 6.7 6.1

Vitamin B6 (lg/day)

Median 1.6 1.6 0.238c

P25 1.4 1.4

P75 1.8 1.8

a Cells add up less than the total sample size due to missing values
b Hardy–Weinberg P-values for the total population
c Mann–Whitney tests
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The observed distribution of the MTHFR 677 C [ T

genotype was in agreement with Hardy–Weinberg equi-

librium. There was no apparent association between the

MTHFR 677 C [ T genotype and overall GC risk. Only

after stratifying by the histological type, we observed a

significant association between the MTHFR 677 C [ T

genotype and intestinal GC risk (OR = 2.67 CI 95%1.16–

6.16).

A significant reduction in diffuse GC risk was

observed for MTHFR 677 TT genotype among individuals

with high consumption of folate (OR = 0.23; 95% CI

0.06–0.84), choline (OR = 0.55; 95% CI 0.33–0.9) and

vitamin B6 (OR = 0.59; 95% CI 0.36–0.96) compared to

MTHFR 677 CC ? CT carriers. Among subjects with low

consumption of methionine, a reduced risk of diffuse GC

was also detected (OR = 0.40; 95% CI 0.16–0.97). In

contrast, carriers of the MTHFR 677 TT genotype with a

low consumption of folate had a significant increased risk

of intestinal GC (OR = 1.88 95% CI 1.02–3.47)

(Table 3).

Table 3 Adjusted odds ratios for the MTHFR 677 C [ T recessive model by low and high consumption of dietary methyl donors and

histological types of gastric cancer

All Intestinal Diffuse All Instestinal Diffuse

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Folate

Low (\400 lg/d) High (C 400 lg/d)

MTHFR 677 C [ T

CC ? CT 1 1 1 1 1 1

TT 0.99 (0.65–1.51) 1.88 (1.02–3.47) 0.70 (0.42–1.17) 0.44 (0.16–1.16) 1.03 (0.26–4.04) 0.23 (0.06–0.84)

Cases/controls 57/51 191/427

Choline

low (\425 mg/d) High (C425 mg/d)

MTHFR 677 C [ T

CC ? CT 1 1 1 1 1 1

TT 0.42 (0.14–1.21) 0.30 (0.04–1.82) 0.48 (0.14–1.66) 0.85 (0.56–1.3) 1.69 (0.94–3.02) 0.55 (0.33–0.93)

Cases/controls 38/140 210/338

Methionine

Low (\1653 mg/d) High (C1653 mg/d)

MTHFR 677 C [ T

CC ? CT 1 1 1 1 1 1

TT 0.69 (0.35–1.36) 1.25 (0.45–3.46) 0.40 (0.16–0.97) 0.83 (0.52–1.32) 1.46 (0.75–2.86) 0.63 (0.36–1.10)

Cases/controls 71/251 177/227

Vitamin B12

Low (\ 2.4 lg/d) High (C 2.4 lg/d)

MTHFR 677 C [ T

CC ? CT 1 1 1 1 1 1

TT 0.92 (0.38–2.21) 3.51 (0.76–16.18) 0.44 (0.13–1.47) 0.80 (0.52–1.22) 1.26 (0.70–2.27) 0.60 (0.36–1.00)

Cases/controls 34/158 214/320

Vitamin B6

Low (\1 mg/d) High (C1 mg/d)

MTHFR 677 C [ T

CC ? CT 1 1 1 1 1 1

TT 0.70 (0.21–2.30) 1.67 (0.27–10.11) 0.41 (0.08–2.13) 0.82 (0.55–1.22) 1.46 (0.82–2.59) 0.59 (0.36–0.96)

Cases/controls 28/109 220/369

Adjusted by age, sex, energy, education, H. pylori CagA? seropositive, vegetables, beans, salt and chilli consumption
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Among diffuse GC, a folate–MTHFR 677 C [ T inter-

action in the borderline of significance (P = 0.055) was

detected: carriers of the MTHFR 677 TT genotype with low

consumption of folate had an increased risk of GC, in

contrast, high consumption of folate in this group showed a

protective significant association of GC (OR = 0.18, CI

95% 0.05–0.65) (Table 4).

Discussion

Results of this study provide evidence that one-carbon

metabolism may play an important role in GC aetiology;

association between dietary methyl intake and GC risk may

be modified by the key genes in the one-carbon metabolic

pathway.

Only one previous study had simultaneously evaluated

the MTHFR 677 genotypes and plasma B vitamins showing

no significant gene–nutrient associations among Europe-

ans’ unfortunately authors did not show results stratifying

by histological type of GC [36] to compare our results.

Results from our study need to be replicated in other

populations.

Similar to this study, several studies had reported an

increased risk of GC among MTHFR 677 TT carriers [2].

To our knowledge, this is the first report on an inverse

association between choline on diffuse GC. Only two

recent epidemiologic studies, with contrasting results,

reported the association of choline intake and the risk of

colorectal adenoma [5] and breast cancer, respectively

[39]. The scarce information available in this regard might

be partially explained by the absence of food composition

data [15, 40]. A protective relation of vitamin B6 for GC

has been found in three previous studies [37], which are on

the line of the results among diffuse MTHFR TT carriers of

this study.

Also it is important to mention that the protective

association of folate, choline and vitamin B6 emerged

among those individuals with adequate dietary consump-

tions. A current debate regarding the potential pro-

carcinogenic effect of high folate intake has argued for the

importance of timing and dosage of folate supplementation

for cancer prevention [18, 35].

Diet has been traditionally related to the risk of intes-

tinal GC, where a carcinogenic pathway with clear

precancerous lesions (chronic to atrophic gastritis, intesti-

nal metaplasia and dysplasia) has been described [7]. In

contrast, risk factors for diffuse GC have not been fully

described. Our results suggest that one-carbon metabolism

may play an important role for diffuse GC; larger studies

including gene-nutrient evaluations are needed to elucidate

diffuse gastric pathogenesis.

In the interpretation of our results, there are various

methodological considerations. We believe there is a low

probability of a differential report between cases and

controls on consumption of methyl-related nutrients since

the general population as well as the interviewers were

blinded to the study hypothesis. Also, folate intake is only

an estimate of the real intake, since, it is important to

remember that the FFQ, as other questionnaires, has a

sensitivity and specificity that are \100%, besides, no

information of folate supplementation was available for

this study, although national figures show a low prevalence

of this supplementation among adults over 20 years of age

(18.2%) [30], and thus our results are conservative results

of the real association. In addition, no assessment of

MTHFR 1298 polymorphism was performed due to the low

percentage of the variant allele among Mexicans [33].

Table 4 Folate-MTHFR 677
C [ T interaction on gastric

cancer histological type

Adjusted by age, sex, energy,

education, H. pylori CagA?

seropositive, vegetables, beans,

salt and chilli consumption

MTHFR 677C- [ T Gastric cancer

Intestinal Diffuse

Folate intake

High

(C400 lg/d)

Low

(\400 lg/d)

High

(C400 lg/d)

Low

(\400 lg/d)

CC ? CT

OR 1.0 0.25 1.0 0.73

95% CI 0.1–0.7 0.3–1.6

Cases/controls 34/263 16/28 86/263 27/28

TT

OR 0.62 0.75 0.18 2.75

95% CI 0.2–2.1 0.2–2.7 0.05–0.65 0.79–9.52

Cases/controls 31/145 7/18 32/145 7/18

P for interaction 0.129 0.055
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Finally, the statistical power for diet–gene interaction is

limited because of the moderate sample size.

It is probable that GC prevention requires dietary rec-

ommendations according to the individual genotype;

nevertheless, the available information to this respect is

still very limited.
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