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Abstract: Numerous studies have investigated association of methylenetetrahydrofolate reductase (MTHFR) C677T 
polymorphism with lung cancer (LC) susceptibility in Chinese; however, the findings are inconsistent. Therefore, we 
performed a meta-analysis. PubMed, ISI Web of Knowledge, Chinese National Knowledge Infrastructure, and Wan-
fang were searched. Pooled ORs and 95% CIs were used to assess the strength of the associations. Overall, 10 stud-
ies with 2487 cases and 3228 controls investigating the MTHFR C677T polymorphism and LC risk were included. 
We did not find a significant association between MTHFR C677T polymorphism and LC risk. However, significantly 
increased LC risk was found in the population from North China, which was not found in the population from South 
China. In conclusion, our meta-analysis suggested that MTHFR C677T polymorphism might influence the risk of LC.
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Introduction 

Lung cancer (LC) is a major cause of cancer 
death worldwide with 1 million deaths each 
year [1]. While the disease is largely prevent-
able as most cases are due to tobacco smok-
ing, global statistics estimate that 15% of lung 
cancer cases in men and 50% in women are 
not attributable to smoking. Thus, if considered 
a separate category, lung cancer in never-
smokers would rank as the seventh most com-
mon cause of cancer death worldwide, with a 
higher incidence than cancers of the cervix, 
pancreas and prostate.

Methylenetetrahydrofolate reductase (MTHFR), 
whose gene maps to chromosome 1p36.3 and 
encodes a 77-kDa protein, plays a key role in 
folate metabolism by irreversibly catalyzing the 
reduction of 5, 10-methylenetetrahydrofolate 
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-adenosylmethionine (SAM); the universal 
methyl donor in humans for DNA methylation 

[2]. Reduced enzyme activity may result in lower 
levels of SAM and an increased risk of cancer, 
including LC, as a consequence of gene hypo-
methylation [3]. One common single nucleotide 
polymorphism of MTHFR has been indicated: 
C677T (rs1801133), which results in the amino 
acid product changing from alanine to valine 
[4]. Studies have confirmed that the variant 
genotypes are associated with a significant 
reduction of enzyme activity [5], suggesting 
that the polymorphisms of C677T may be relat-
ed to the risk of LC. A series of studies have 
investigated the association between the 
MTHFR C677T polymorphism and LC suscepti-
bility, but provided controversial or inconclusive 
results [6-15]. We performed this meta-analysis 
to assess the relationship of MTHFR C677T 
polymorphism with risk of LC.

Materials and methods

Search for publications

Two researchers independently performed a 
computerized search in four databases-
PubMed, ISI Web of Knowledge, Chinese 

http://www.ijcem.com
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National Knowledge Infrastructure, and Wan- 
fang-up to June 2014. The search terms were 
“methylenetetrahydrofolate reductase” or MT- 
HFR, “lung cancer or lung carcinoma or lung 
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 included in this meta-analysis have to 
meet the following criteria: (1) case-control 
study or cohort study on the associations 
between MTHFRC677T polymorphism and LC 
susceptibility; (2) sufficient published data 
about sample size, odds ratio (OR), and their 
95% confidence interval (CI); (3) the distribution 
of the genotypes in control groups was in the 
Hardy-Weinberg equilibrium (HWE). Studies 
were excluded when they were: (1) duplicate 
publication; (2) meta-analyses, letters, reviews, 
or editorial articles.

Data extraction

Two investigators independently extracted the 
following information from each study: the first 

author, year of publication, number of geno-
typed cases and controls, numbers of geno-
types for MTHFR C677T polymorphism in cases 
and controls, and main findings.

Qualitative assessment

Two authors completed the quality assessment 
independently. The Newcastle-Ottawa Scale 
(NOS) was used to evaluate the methodological 
quality, which scored studies by the selection of 
the study groups, the comparability of the 
groups, and the ascertainment of the outcome 
of interest. We considered a study awarded 
0-3, 4-6, or 7-9 as a low-, moderate-, or high-
quality study, respectively. Discrepancies were 
resolved by consensus and discussion.

Statistical analysis

Statistical analysis was conducted by using 
STATA statistical package (version 10, STATA, 
College Station, TX). The distributions of geno-
types in controls were tested by HWE using the 
Chi-square test. The association of polymor-
phisms of MTHFRC677T polymorphism and LC 
risk was estimated by odds ratio (ORs) with 
95% confidence intervals (CIs). The random 
effect model (DerSimonian and Laird) was 

Figure 1. Flow diagram of study identification.
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selected to summarize the combined OR and 
their 95% CI. The significance of the pooled OR 
was determined by the Z test. Publication bias 
was investigated with the funnel plot, in which 
the Standard Error (SE) of log OR of each study 
was plotted against its OR. Funnel-plot asym-
metry was further assessed by the method of 
Egger’s linear regression test. All the P values 
were two sided. P value less than 0.05 was con-
sidered statistically significant.

OR = 1.39, 95% CI = 1.15-1.69; TT vs. CC + CT: 
OR = 1.46, 95% CI: 1.03-2.06), which was not 
found in the population from South China. In 
the subgroup analysis by ethnicity, significantly 
increased risk was not found in Han population. 
The main results of this meta-analysis and the 
heterogeneity test were shown in Table 2.

The Egger’s test indicated that there was no 
obvious publication bias (P = 0.568).

Table 1. Characteristics of studies included in the meta-analysis

Study Year Gender
Hardy  

Weinberg 
Equilibrium

Quality 
score

Cases Controls

CC CT TT CC CT TT
Jeng 2003 Both Yes 6 36 22 1 123 95 14
Zhang 2005 Both Yes 6 120 230 155 160 231 109
Shen 2005 Both Yes 6 33 65 18 53 42 16
Liu 2008 Both Yes 7 157 245 98 149 265 103
Liu 2009 Both Yes 6 205 124 29 362 291 63
Yao 2010 Both Yes 8 27 46 20 36 51 19
Yang 2010 Both Yes 9 49 52 19 62 75 28
Cui 2011 Both Yes 7 58 240 140 121 325 195
Cheng 2011 Both Yes 6 49 58 71 47 88 45
Ma 2012 Both Yes 8 20 54 46 22 28 10

Table 2. Results of the meta-analysis

Subgroup OR 95% CI Pheterogeneity

T vs. C Overall 1.15 0.97-1.37 0.000
Han 1.20 0.65-2.22 0.000

Not stated 1.18 0.95-1.47 0.002
South 1.09 0.86-1.39 0.000
North 1.28 1.14-1.44 0.293

TT vs. CC Overall 1.35 0.99-1.83 0.002
Han 1.43 0.77-2.67 0.004

Not stated 1.42 1.02-1.97 0.076
South 1.20 0.77-1.89 0.007
North 1.67 1.33-2.10 0.615

TT + CT vs. CC Overall 1.18 0.91-1.53 0.000
Han 1.10 073-1.65 0.021

Not stated 1.35 0.92-1.98 0.000
South 1.13 0.81-1.57 0.000
North 1.39 1.15-1.69 0.178

TT vs. CC + CT Overall 1.25 0.99-1.57 0.014
Han 1.47 0.87-2.47 0.005

Not stated 1.22 1.03-1.44 0.212
South 1.06 0.87-1.30 0.115
North 1.46 1.03-2.06 0.031

Results

Characteristics of stud-
ies

Figure 1 shows the pro-
cess of study identifica-
tion. A total of 10 case-
control studies with 
2487 cases and 3228 
controls investigating 
the MTHFR C677T poly-
morphism and LC risk 
met the inclusion crite-
ria and were included in 
the meta-analysis [6- 
15]. All studies were 
assessed by NOS. The 
quality scores ranged 
from 6 to 9, suggesting 
that the methodologi-
cal quality was accept-
able. The characteris-
tics of the included stu- 
dies are summarized in 
Table 1.

Results of this meta-
analysis

We did not find a signifi-
cant association bet- 
ween MTHFR C677T 
polymorphism and ov- 
erall LC risk. However, 
significantly increased 
LC risk was found in the 
population from North 
China (T vs. C: OR = 
1.28, 95% CI: 1.14-
1.44; TT vs. CC: OR = 
1.67, 95% CI: 1.33-
2.10; TT + CT vs. CC, 
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Discussion

Although many studies analyzing the research 
results about the MTHFR C677T polymorphism 
and LC risk in Chinese, definite conclusions 
cannot be drawn. Therefore, we did this meta-
analysis to estimate the relationships between 
MTHFR C677T polymorphism and LC risk. The 
meta-analysis involved 10 studies with 2487 
cases and 3228 controls. The results from this 
meta-analysis showed that the MTHFR C677T 
polymorphism was not significantly associated 
with LC risk. When we performed the subgroup 
analyses by geographical locations, significant 
associations with susceptibility for the develop-
ment of LC was found in North China popula-
tions. On the one hand, it was possible that 
these differences might be affected by expo-
sure to various environmental factors. However, 
no reported article was performed to assess 
the effect of MTHFR-environment interactions 
in different populations. In the future, more 
studies should be designed to analyze these 
associations. On the other hand, it was possi-
ble that considerable heterogeneity may have 
distorted the result.

Folate, a water soluble vitamin B9, has been 
considered as an ‘essential vitamin’ because it 
modulates potential DNA damage and the risk 
of developing cancer, although not consistently 
[16]. In vivo and in vitro evidences suggest that 
folate deficiency results in DNA damage and 
instability, and altered DNA methylation, and 
eventually result in cell death via apoptosis, all 
of which may promote tumor initiation [17]. The 
MTHFR protein, a central enzyme in folate 
metabolism, has been implicated with lung 
cancer risk [18], because it is involved in meth-
yl group synthesis process by catalyzing the 
irreversible conversion of 5, 10-methylenetet-
rahydrofolate (THF) to 5-methyl THF, which 
serves as methyl donor for the remethylation of 
homocystein to methionine and the precursor 
of S-adenosylmethionine (SAM). The polymor-
phism in the MTHFR gene: C677T is known to 
have functional relevance and thus variation of 
MTHFR in the folate metabolic pathway may be 
associated with variable folate levels and is 
suspected of influencing the risk of lung cancer 
[19].

There are several limitations in this meta-anal-
ysis must also be considered. First, lack of the 
original data of lung cancer histological types 

limited our further evaluation of histological 
types and genotypes interactions. Second, lack 
of the original data limited our further evalua-
tion of potential gene-gene and gene-environ-
ment interactions. Third, lack of information on 
disease status, genotypes, and well document-
ed smoking status may also influence the 
results.

In conclusion, this meta-analysis suggested 
that MTHFR C677T polymorphism increased 
the susceptibility to LC in Chinese.
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