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Abstract
AIM: To identify the association between methylene-
tetrahydrofolate reductase (MTHFR ) polymorphisms 
and gastric cancer (GC) susceptibility.

METHODS: Systematic searches were performed on 
the electronic databases PubMed, ISI, Web of knowl-
edge, CNKI and Wanfang, as well as manual searching 
of the references of the identified articles. A total of 26 
papers were included in this meta-analysis. Overall and 
subgroup analyses were performed. Odds ratio (OR) 
and 95%CI were used to evaluate the associations 
between MTHFR  polymorphisms and GC risk. The I 2 
statistics were used to evaluate between-study hetero-
geneity. Sensitivity analysis was also performed.

RESULTS: Increased risk was found for the MTHFR 

C677T polymorphism under four genetic models (TT + 
CT vs  CC: OR = 1.23, P  = 0.002; T vs  C: OR = 1.15, P  
= 0.001; TT vs  CC: OR = 1.37, P  = 0.0005; TT vs  CT + 
CC: OR = 1.17, P  = 0.0008). Subgroup analysis by eth-
nicity suggested that C677T polymorphism conferred 
a risk of GC in eastern but not in western populations. 
Stratification by tumor site showed an association be-
tween the C677T polymorphism and gastric cardia can-
cer and non-cardia GC in the worldwide population and 
in eastern populations. Regardless of comparisons with 
controls or diffuse-type GC, a positive association was 
found for the C677T polymorphism and an increased 
risk of intestinal-type GC in the whole population and in 
western populations. With regard to the A1298C poly-
morphism, we found that genotype CC was significantly 
decreased and conferred protection against GC in east-
ern populations (CC vs  AA: OR = 0.44, P  = 0.03; CC vs  
AC + AA: OR = 0.46, P  = 0.04). 

CONCLUSION: MTHFR C677T polymorphism is a risk 
factor for GC, and the A1298C polymorphism may be a 
protective factor against GC in eastern populations.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Methylenetetrahydrofolate reductase; Poly-
morphism; Gastric cancer; Meta-analysis

Core tip: Many studies have reported associations of 
methylenetetrahydrofolate reductase (MTHFR) C677T 
and A1298C polymorphisms with susceptibility to gas-
tric cancer (GC). There are several relevant published 
meta-analyses about this subject. Nevertheless, these 
articles failed to analysis MTHFR  polymorphisms and 
GC risk per se  in detail as follows. They failed to in-
vestigate the difference between gastric cardia cancer 
and non-cardia GC, and the distinction between diffuse 
and intestinal subtypes. Consequently, we performed a 
meta-analysis to clarify the roles of MTHFR C677T and 
A1298C polymorphisms in GC susceptibility among the 
eligible studies.

META-ANALYSIS



Xia LZ, Liu Y, Xu XZ, Jiang PC, Ma G, Bu XF, Zhang YJ, Yu 
F, Xu KS, Li H. Methylenetetrahydrofolate reductase C677T 
and A1298C polymorphisms and gastric cancer susceptibility. 

World J Gastroenterol 2014; 20(32): 11429-11438  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i32/11429.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.
i32.11429

INTRODUCTION
The incidence of  gastric cancer (GC) has decreased world­
wide, but it remains the fourth most common cancer di­
agnosis in men and the fifth in women[1], and the second 
leading cause of  cancer-related death[2,3]. The etiology 
of  GC is believed to be multi-stage and multifacto­
rial. Although the decrease in the incidence of  GC[4] in 
recent decades can be explained by changing lifestyles, 
diet habits, and reduced Helicobacter pylori infection, the 
fact that some individuals develop GC while others do 
not under similar environmental circumstances suggests 
that genetic predisposition plays an important role in the 
pathogenesis of  GC.

Methylenetetrahydrofolate reductase (MTHFR), wh-
ose gene maps to chromosome 1p36.3[5] and encodes a 
77-kDa protein[6], plays a key role in folate metabolism 
by irreversibly catalyzing the reduction of  5, 10-methy­
lenetetrahydrofolate to 5-methyltetrahydrofolate, the 
predominant circulatory form of  folate, which serves 
as both a cofactor and substrate for the regeneration 
of  methionine. The latter leads to production of  S-ade­
nosylmethionine (SAM); the universal methyl donor in 
humans for DNA methylation[7]. Reduced enzyme activ­
ity may result in lower levels of  SAM and an increased 
risk of  cancer, including GC, as a consequence of  gene 
hypomethylation[8]. Two common single nucleotide poly­
morphisms (SNPs) of  MTHFR have been indicated: 
C677T (rs1801133), which results in the amino acid 
product changing from alanine to valine[9]; and A1298C 
(rs1801131), which results in the amino acid product 
changing from glutamic acid to alanine[8]. Studies have 
confirmed that the variant genotypes are associated with 
a significant reduction of  enzyme activity[10,11], suggesting 
that the polymorphisms of  C677T and A1298C may be 
related to the risk of  GC. 

Until now, many studies have reported associations 
of  MTHFR C677T and A1298C polymorphisms with 
susceptibility to GC with controversial results[12-37]. Ad­
ditionally, there have been several relevant meta-analyses 
published on this subject[38-44]. Nevertheless, these studies 
failed to analyze MTHFR polymorphisms and GC risk 
per se in detail as follows. They failed to address the dif­
ference between gastric cardia cancer (GCC) and non-
cardia gastric cancer (NCGC) as well as the distinction 
between diffuse and intestinal subtypes. Consequently, we 
performed a meta-analysis to clarify the roles of  MTHFR 
C677T and A1298C polymorphisms in GC susceptibility 
among the eligible studies.

MATERIALS AND METHODS
Search strategy
Two researchers independently performed a computer­
ized search in four databases - PubMed, ISI Web of  
Knowledge (Version 4.5), Chinese National Knowledge 
Infrastructure, and Wanfang (Chinese) - up to May 2013. 
Moreover, an additional search was carried out for rel­
evant studies on scholar.google.com.hk. The search terms 
were ‘‘methylenetetrahydrofolate reductase’’ or MTHFR, 
“gastric or stomach or cardia” and “cancer or carcinoma 
or neoplasm” in various combinations, with the language 
limited to English and Chinese. The reference list of  each 
relevant publication was also reviewed to ensure that all 
appropriate studies were included in the meta-analysis. 

Inclusion and exclusion criteria
Studies were included according to the following criteria: 
(1) case-control or cohort studies determining the distri­
bution of  MTHFR C677T and/or A1298C genotypes; 
(2) cases with GC were diagnosed by histopathological 
biopsy, and the controls were free of  cancer; and (3) the 
numbers of  cases and controls reported for each geno­
type should be sufficient for calculation. If  multiple stud­
ies from the same case series were available, the one in­
cluding the most individuals was used in the analysis. We 
excluded the studies if  they were: (1) meeting abstracts, 
case reports, reviews, or editorials; (2) not written in Eng­
lish or Chinese; or (3) not in Hardy-Weinberg equilibrium 
(HWE) with the controls. The final included studies were 
based on discussion among the researchers. 

Data extraction
Two investigators independently extracted data from the 
published reports using a standardized protocol and a 
reporting form with the following information: first au­
thor’s last name, year of  publication, country and ethnic­
ity of  participants (classified into eastern and western), 
sample size, detailed genotype information (genotype 
distribution and allele frequency), anatomical site of  tu­
mor (cardia or non-cardia GC) and Lauren classification 
(intestinal or diffuse subtype).

Statistical analysis
The MTHFR C677T genotypes include TT, CT and CC, 
and A1298C comprises CC, AC and AA genotypes. The 
pooled odds ratios (ORs) were calculated for the domi­
nant model [C677T: (TT + CT) vs CC; A1298C: (CC + 
AC) vs AA], the allelic model (C677T: T allele vs C allele; 
A1298C: C allele vs A allele), the additive model (C677T: 
TT vs CC; A1298C: CC vs AA), and the recessive model 
(C677T: TT vs (CT + CC); A1298C: CC vs (AC + AA), 
respectively. Given that the potential causes of  heteroge­
neity among studies were ethnicity, tumor site and clas­
sification, subgroup analyses were conducted according 
to different ethnic groups (Eastern/Western), tumor site 
(cardia/non-cardia), and Lauren classification (intestinal/
diffuse). 
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RevMan software (Review Manager, Version 5.1; Co­
chrane Collaboration, 2011) was used for this meta-anal­
ysis. The between-study heterogeneity (i.e., the variation 
in findings not compatible with chance alone) was tested 
with the χ 2-based Cochran’s statistic and the inconsis­
tency index (I2). Statistically significant heterogeneity was 
considered to be present when Pheterogeneity < 0.05 and I² 
> 50%. If  there was no statistical heterogeneity among 
studies (I2 < 50% and Pheterogeneity > 0.05), the OR and 
95%CI were estimated for each study in a fixed-effects 
model (FEM). Otherwise, a random effect model (REM) 
was used. A funnel plot was performed to look for 
evidence of  publication bias; the funnel plot should be 
asymmetric when there is publication bias and symmet­
ric in the case of  no publication bias. Additionally, the 
publication bias was quantitatively estimated by Begg’s  
and Egger’s tests.

RESULTS
Study characteristics
Figure 1 summarizes the selection process of  eligible 
studies. After a thorough literature search, 26 qualified 
publications[12-37] were included in this meta-analysis ac­
cording to the inclusion criteria. Among these, 24 were 
included for the MTHFR C677T polymorphism and GC, 
and 11 were included for the MTHFR A1298C polymor­
phism and GC. The characteristics of  the included stud­
ies, the variant genotypes and allele frequencies are listed 
in Table 1. Table 2 shows the available data on GCC and 
NCGC for MTHFR C677T and A1298C in detail. Ad­
ditionally, data on intestinal and diffuse subtype GC for 
C677T were accessible in four studies (Table 3). Accord­

ing to the size of  the heterogeneity, FEM or REM was 
adopted to analyze every comparison (Table 4). 

Overall analysis 
MTHFR C677T polymorphism and GC: Table 4 lists 
the main results of  this meta-analysis. A total of  6266 
cases and 8250 controls were identified for analysis of  
the association between the MTHFR C677T polymor­
phism and GC. The overall results showed that there was 
a significant association between C677T and GC [TT + 
CT vs CC: OR = 1.23 (1.08, 1.40), P = 0.002], and a T 
allele was associated with a 15.0% increased risk of  GC 
compared to a C allele [T vs C: OR = 1.15 (1.06, 1.25), P 
= 0.001]. Similar results were obtained in the analysis for 
the additive model [TT vs CC: OR = 1.37 (1.15, 1.63), P 
= 0.0005] and the recessive model [TT vs CT + CC: OR 
= 1.17 (1.07, 1.28), P = 0.0008]. 

MTHFR A1298C polymorphism and GC: As shown 
in Table 4, 11 studies including a total of  2007 cases and 
3679 controls were performed to analyze the relation­
ship between the MTHFR A1298C polymorphism and 
GC. The risk for GC conferred by the MTHFR A1298C 
polymorphism did not reach significance under the four 
genetic models (P > 0.05).

Subgroup analysis
When stratifying the data by ethnicity, stronger signifi­
cance between the MTHFR C677T polymorphism and 
GC was shown when restricted to eastern populations 
[TT + CT vs CC: OR = 1.26 (1.08, 1.47), P = 0.003; T vs 
C: OR = 1.21 (1.08, 1.34), P = 0.0005; TT vs CC: OR = 
1.42 (1.15, 1.76), P = 0.001; TT vs CT + CC: OR = 1.22 
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Records identified through database 
searching (n  = 250)

Figure 1  Flowchart of the literature selection process. 

Records identified through other 
sources (n  = 17)

Records after duplicates removed (n  = 148)

Records excluded based on titles and 
abstracts (n  = 106)

Records screened (n  = 42)

Full-text articles assessed for eligibility (n  = 30)

4 studies excluded for not meeting inclusion criteria:
   2 did not conform to Hardy-Weinberg equilibrium
   2 were not case-control studies

Studies included in this meta-analysis (n  = 26)
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analyzed by ethnicity, similar positive results were found 
only in western populations but not in eastern popula­
tions. No significant relationship was found between the 
MTHFR C677T polymorphism and diffuse-type GC 
(Table 4).

Relationships between GCC and NCGC, and intestinal-
type and diffuse-type GC
When comparing GCC with NCGC, no significant re­
sults were observed in any of  the four models for C677T 
or A1298C (Table 5), and ORs of  1.71 (95%CI: 1.13-2.59, 
P = 0.01) and 1.60 (95%CI: 1.09-2.35, P = 0.02) were 
found in the TT vs CC model in western populations and 
total populations, respectively, when comparing intestinal-
type with diffuse-type GC for C677T. None of  the other 
models produced significant results for eastern, western 
or overall populations (Table 5).

Sensitivity analysis and publication bias evaluation
A sensitivity analysis was performed by excluding one 
study each time to reflect the influence of  the individual 
data set on the ORs; the analysis did not alter the pattern 
of  the results (data not shown), which confirmed the 

stability of  the above results. The funnel plot (data not 
shown) provided no evidence of  publication bias. Con­
sistent results were drawn from Begg’s and Egger’s tests.

DISCUSSION
Regarding the MTHFR C677T and A1298C polymor­
phisms and their association with GC, definite conclu­
sions cannot be drawn. Therefore, we performed a meta-
analysis to estimate the relationships between the two 
SNPs in the MTHFR gene and the risk of  GC.  

In the present meta-analysis, the overall analysis sug­
gested that MTHFR 677TT and CT genotype carriers 
had a higher risk of  developing GC; in addition, an el­
evated risk of  GC was also found among the MTHFR 
677T allele carriers. It is well known that individuals who 
are MTHFR 677T carriers have reduced MTHFR activ­
ity[10], and the low enzyme activity of  MTHFR C677T 
variant genotypes is associated with DNA hypomethyl­
ation, which may induce genomic instability and thereby 
affect the expression of  oncogenes or tumor suppressor 
genes, leading to the development of  malignancies[45,46]. 
No significant association was found between the MTH­

11433 August 28, 2014|Volume 20|Issue 32|WJG|www.wjgnet.com

Table 2  Distribution of MTHFR C677T and A1298C genotypes and alleles frequency in gastric cardia cancer, non-cardia cancer 
and controls

Ref. Sample size Genotypes distribution Alleles frequency

Cardia Non-cardia Control Cardia Non-cardia Control Cardia Non-cardia Control

MTHFR C677T polymorphism CC CT TT CC CT TT CC CT TT C T C T C T
Saberi et al[14] 152 210 780 77   60 15 99 98 13 422 308   50 214   90 296 124 1152 408
Gotze et al[19]   27   76 106 13   13   1 33 32 11   41   49   16   39   15   98   54   131   81
Graziano et al[26]   43 119 164   7   25 11 27 61 31   67   68   29   39   47 115 123   202 126
Weng et al[28] NA   38   34 NA 14 19   5   15   11     8 NA   47   29     41   27
Sarbia et al[31] 119 213 255 65   45   9 73 108 32 107 115   33 175   63 254 172   329 181
Si et al[30]   29   93 101 21     7   1 37 41 15   49   43     9   49     9 115   71   141   61
Bi et al[32] 155 154 188 74   73   8 65 77 12   97   76   15 211   89 207 101   270 106
Wang et al[33] 129 NA 315 25   45 59 NA   74 143   98   95 163 NA   291 339
Stolzenberg-Solomon et al[34]   90 NA 398 17   36 37 NA   65 209 124   70 110 NA   339 457
Miao et al[35] 217 NA 468 47 107 63 NA 151 217 100 201 233 NA   519 417
Shen et al[37]   82 105 166 22   38 22 33 52 20   60   80   26   82   82 118   92   200 132
MTHFR A1298C polymorphism AA AC CC AA AC CC AA AC CC A C A C A C
Weng et al[28] NA   38   34 NA 26 12   0   22   11     1 NA   64   12     55   13
Si et al[30]   29   93 101 15   12   2 58 32   3   58   38     5   42   16 148   38   154   48
Shen et al[37]   82 105 166 64   17   1 66 38   1 111   50     5 145   19 170   40   272   60

NA: Not available.

Table 3  Distribution of MTHFR C677T and A1298C genotypes and alleles frequency in intestinal, diffuse gastric cancer and 
controls

Ref. Sample size Genotypes distribution Alleles frequency

Intestinal Diffuse Control Intestinal Diffuse Control Intestinal Diffuse Control

CC CT TT CC CT TT CC CT TT C T C T C T

MTHFR C677T polymorphism
Saberi et al[14] 142   80 780 69 59 14 39 34   7 422 308   50 197 87 112 48 1152 408
Galvan-Portillo et al[18]   88 152 454 50 38 113 39 291 163 NA NA NA
Gotze et al[19]   53   37 106 21 24   8 18 15   4   41   49   16   66 40   51 23   131   81
Graziano et al[26]   91   71 164 19 47 25 15 39 17   67   68   29   85 97   69 73   202 126

Xia LZ et al . MTHFR polymorphism in gastric cancer

NA: Not available.
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because these were the most extensively studied poly­
morphisms, although several other SNPs in the MTHFR 
gene have been identified. Meta-analyses that investigate 
the association of  other polymorphisms in the MTHFR 
gene with GC should be performed in the future. Sec­
ond, study design, small sample size and environmental 
factors may have affected the results; many studies did 
not use an appropriate design or neglected to consider 
important environmental factors. Third, the results drawn 
from subgroup analyses might be limited because of  the 
small sample size. Moreover, it was difficult to obtain full 
papers published in various languages; we included stud­
ies published only in English and Chinese.

In summary, data from our meta-analysis support that 
the MTHFR C677T polymorphism increases the risk 
of  developing GC in the general population, as well as 
the risk of  GCC and NCGC in eastern populations and 
intestinal-type GC in western populations. The A1298C 
polymorphism may be a protective factor against GC 
in eastern populations. GC is a disease resulting from 
complex interactions between genes and the environ­
ment. Therefore, further well-designed studies with larger 
sample sizes should be performed to assess other genetic 
and environmental factors in the development of  GC.
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factor in GC and that the A1298C polymorphism may be a protective factor 
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MTHFR encodes a 77-kDa protein that plays a key role in folate metabolism by 
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leads to the production of S-adenosylmethionine (SAM), the universal methyl 
donor in humans for DNA methylation. Reduced enzyme activity may result in 
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Peer review
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