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Abstract. Lung cancer is the most frequently occurring type 
of cancer worldwide and the leading cause of cancer mortality. 
Environmental and genetic factors play important roles in lung 
carcinogenesis. The aim of this meta-analysis was to investigate 
the association between methylenetetrahydrofolate reductase 
(MTHFR) polymorphism and the risk of lung cancer in East 
Asian populations. Related articles were identified through 
searching literature databases, such as PubMed, EMBASE, 
Web of Science, Chinese Biomedicine and CNKI. The odds 
ratio (OR) values in those studies were incorporated by 
meta‑analysis to assess lung cancer susceptibility associ-
ated with the MTHFR mutation genotype. The MTHFR 
C677TT genotype exhibited a significantly increased risk of 
lung cancer compared to the MTHFR 677CC/CT genotype 
(OR=1.24; 95% CI, 1.01‑1.52). No relationship was identified 
between the other MTHFR C677T genetic models and the 
risk of lung cancer and there was no significantly increased 
risk of lung cancer in A1298C genetic models. In a subgroup 
of hospital‑based controls, according to the source of controls, 
the C677TT genotype exhibited a significantly increased risk 
of lung cancer, compared to the C677CC genotype (OR=3.01; 
95% CI, 1.07‑8.46). In the stratified analysis, the study indi-
cated that the MTHFR 677TT genotype was associated with 
a significant increase in the risk of lung squamous carcinoma 
(OR=1.53; 95% CI, 1.09‑2.14), whereas no association was 
observed between the MTHFR C677TT genotype and the risk 
of lung adenocarcinoma. No association was observed between 
MTHFR C677TT polymorphism and the risk of lung cancer 
when smoking was considered. In conclusion, the meta‑anal-
ysis results suggested that MTHFR C677T polymorphisms 
exhibit a significantly increased risk of lung cancer and that 

the MTHFR 677TT genotype is associated with a significantly 
increased risk of lung squamous carcinoma.

Introduction

Lung cancer is the most frequently occurring type of cancer 
worldwide and the leading cause of cancer mortality, with a 
five‑year survival rate ≤15% (1). Smoking is the primary risk 
factor for lung cancer. However, lung cancer develops in <20% 
of smokers (2). This suggests that environmental and genetic 
factors play important roles in lung carcinogenesis. Over  the 
past few decades, the relationship between environmental and 
genetic factors and cancer susceptibility has been widely inves-
tigated. Folate metabolism is considered to be important role in 
carcinogenesis through its involvement in the process of DNA 
methylation and repair. Methylenetetrahydrofolate reductase 
(MTHFR) is located in the short arm of chromosome 1 (1p36.3) 
and is involved in DNA methylation and synthesis as an impor-
tant enzyme in the folic acid metabolic process. C677T (exon 4) 
and A1298C (exon 7) are two common polymorphisms in the 
MTHFR gene, which decrease enzyme activity compared to 
the wild‑type gene, leading to DNA repair and methylation 
disorders and playing an important role in carcinogenesis (3). 
Numerous epidemiological studies investigated the association 
between MTHFR C677T and A1298C gene polymorphism and 
lung cancer predisposition. However, the results were incon-
sistent, possibly due to the small sample size, selection bias or 
other factors. Meta‑analysis is a valid method to assess disparate 
results. In 2008, Mao et al (4) performed a meta‑analysis that 
included eight articles; however, they did not identify a signifi-
cant correlation between the MTHFR polymorphisms and lung 
cancer globally. The ethnic lines involved in the meta‑analysis 
were diverse, including Asians, non‑Hispanic whites and 
Europeans. MTHFR mutation frequency is diverse between 
various ethnicities. The incidence of the C677T homozygous 
mutant is ~20% in Chinese, 18% in Italian and 11% in African 
populations (5). Lung cancer morbidity, histological type and 
molecular typing also differ among different ethnic lines. To 
the best of our knowledge, there is currently no meta‑analysis 
available on MTHFR and lung cancer susceptibility in East 
Asian populations. Over the past few years, newly published 
studies were conducted, most of which involved Japanese, 
South Korean and Chinese populations. In order to reduce 
research bias, we performed a meta‑analysis with the studies 
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involving East Asian populations of identical race, to investi-
gate the relationship between MTHFR gene polymorphism and 
lung cancer susceptibility.

Materials and methods

Publication search. To identify all the studies investigating the 
association between MTHFR gene polymorphism and lung 
cancer susceptibility, computer searches of literature data-
bases, such as PubMed, EMBASE, Web of Science, Chinese 
Biomedicine and CNKI (prior to November 30, 2012) were 
performed, using the following MeSH terms and key words: 
‘methylenetetrahydrofolate reductase’ or ‘MTHFR’ and ‘lung’ 
and ‘cancer’ or ‘carcinoma’. The studies were read in their 
entirety and their references were also reviewed to identify 
other relevant studies.

Inclusion and exclusion criteria. Eligible studies were required 
to meet the following criteria: i)  exploration of MTHFR 
polymorphisms and lung cancer risk in East Asian popula-
tion; ii) unrelated case‑control or cohort studies; iii) sufficient 
published data for estimating an odds ratio (OR) with 95% 
confidence intervals (CIs); iv) allelic distributions in the control 
group consistent with the Hardy‑Weinberg equilibrium (HWE). 
Exclusion criteria were as follows: i) studies that did not provide 
the population sources of cases and controls; ii) when more 
than one study involved the same sample population, only the 
best quality one was included.

Data extraction. Information was carefully extracted from the 
eligible publications according to the inclusion criteria listed 
above. The following data were collected from each study: first 
author's surname, year of publication, country, sample size, 
source of controls, genotyping method, number of cases and 
controls for each C677T or A1298C genotype, smoking status, 
histological type and alcohol consumption.

Statistical analysis. HWE was tested by the Chi‑square test. 
P<0.05 was considered to indicate a statistically significant 
difference (6). Crude ORs with their corresponding 95% CIs 
were used to assess the association between MTHFR C677T 
and A1298C polymorphisms and lung cancer risk (7). The 
pooled ORs were estimated for MTHFR C677T genotypes and 
MTHFR A1298C genotypes. The heterogeneity between studies 
was assessed using the Q statistic (8). When heterogeneity was 
considered to be significant (P<0.10), the random‑effects model 
was used. In the case of non‑significant heterogeneity (P≥0.10), 
the fixed‑effects model was used. We quantified heterogeneity 
using the I2 metric score (I2<25%, no heterogeneity; I2=25‑50%, 
moderate heterogeneity; and I2>50%, significant heteroge-
neity) (9). Subgroup analyses were also performed on the basis 
of the source of controls, smoking status and histological types. 
Sensitivity analysis was conducted to determine whether the 
exclusion of any one study affected the initial results. Funnel 
plots were used to assess publication bias. An asymmetric plot 
suggested possible publication bias. Egger's linear regression 
test (10) was performed to determine the significance of the 
asymmetry. P<0.05 was considered to indicate publication bias. 
Analyses were performed using Review Manager software 
version 5.0.

Results

Study characteristics. A total of 72 studies were preliminarily 
retrieved based on the search terms and 13 studies (11‑23) met 
the inclusion criteria for detailed analysis following abstract 
scanning and full‑text assessment  (Fig.  1). The possible 
eligible papers were retrieved by two independent investigators 
(X.D. Zhang and W. Li). All eligible articles provided data on 
C677T and seven of them also provided data on A1298C. The 
main characteristics of the studies are listed in Table I. However, 
A1298C allelic distributions in the control population of one 
study (21) significantly deviated from HWE. Thirteen studies 
(7,409 cases and 6,331 controls) on C677T genotypes, among 
which there were six articles (2,049 cases and 2,851 controls) 
on A1298C genotypes, were included in our meta‑analysis. 
The included studies had all been conducted on East Asian 
populations. Controls of four studies (11,12,18,19) were derived 
from hospital‑based participants and controls of nine studies 
(13‑17,20‑23) were derived from population‑based participants.

Quantitative synthesis. There was significant heterogeneity 
(P<0.0001, I2=71%) among the 13  studies on C677T. To 
eliminate heterogeneity, we subgrouped the 13 studies based 
on the sources of controls; however, the heterogeneity was 
not eliminated. The pooled ORs were estimated using the 
random‑effects model. The results demonstrated a significantly 
increased risk of lung cancer in the MTHFR 677TT compared 
to the C677CC/CT genotype (OR=1.24; 95% CI, 1.01‑1.52) 
(Fig. 2). No statistical significance was observed between other 
C677T gene models and lung cancer (Table II). In a subgroup 
of hospital‑based controls, the C677TT genotype exhibited a 
significantly increased risk of lung cancer compared to the 
C677CC genotype (OR=3.01; 95% CI, 1.07‑8.46). There was no 
significant association for population‑based controls (OR=1.02; 
95%  CI,  0.55‑1.89). Two published studies on MTHFR 
polymorphism and lung cancer risk in smokers provided 
detailed data. In the stratified analysis, no association was 
found between MTHFR C677TT polymorphism, compared 
to C677CC̸CT, and the risk of lung cancer, regardless of the 
smoking status. However, the study indicated that the MTHFR 
677TT genotype is associated with a significant increase in the 
risk of lung squamous carcinoma, compared to C677CC̸CT 
(OR=1.53; 95% CI, 1.09‑2.14), whereas no association was 
found between the MTHFR C677TT genotype and the risk 
of lung adenocarcinoma (Table III). Stratified analysis based 
on alcohol consumption and folate intake was not performed, 
since no sufficient data were reported. We performed a sensi-
tivity analysis by sequentially omitting individual studies. 
As regards the C677T genotype, there was no significant 
deviation from the initial ORs and no significant association 
between C677T polymorphism and the risk of lung cancer was 
observed. As regards the A1298C polymorphism, heteroge-
neity was not observed among the six studies. There was no 
significant relationship between A1298C polymorphism and 
lung cancer risk by the fixed‑effects model (Table II). There 
was also no significant association in the subgroup analysis 
according to the control source. We did not perform a stratified 
analysis based on smoking status, histological type, alcohol 
consumption and folate intake, since no sufficient data were 
provided by A1298C studies. The relationships between the 
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A1298C polymorphisms and the risk of lung cancer were not 
altered during the sensitivity analysis.

Publication bias. RevMan funnel plots and Egger's tests 
were performed to assess publication bias. The shapes of the 
funnel plots did not reveal any obvious sign of asymmetry for 
C677TT vs. CC/CT (Fig. 3). Furthermore, Egger's test was 
used to provide statistical evidence of funnel plot symmetry. 
The results revealed no evidence of publication bias (P=0.33). 
No evidence of publication bias was observed in other gene 
models. The results suggested that the data provided by these 
meta‑analyses are relatively reliable.

Discussion

Epidemiological studies have demonstrated that environ-
mental and genetic factors may contribute to the development 

Figure 1. Study flow chart for the process of selecting the eligible publications.

Figure 2. Forest plot of studies on the association between methylenetetrahydrofolate reductase (MTHFR) C677T polymorphisms (TT vs. CC/CT) and lung cancer.

Figure 3. Funnel plot of studies on the association between methylenetetra-
hydrofolate reductase (MTHFR) C677T polymorphisms (TT vs. CC/CT) and 
lung cancer.
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of the vast majority of tumors. Previously published studies 
demonstrated that MTHFR polymorphisms were associated 
with breast  (24), colon  (25), gastric  (26) and other types 
of cancer. MTHFR may play an important role in folate 
metabolism as a key enzyme, by irreversibly catalyzing the 
generation of 5,10‑methylenetetrahydrofolate (5,10‑CH2‑THF) 

to 5‑methylenetetrahydrofolate (5‑CH3‑THF), which is a 
methyl group donor for DNA repair and synthesis. The lack of 
a methyl group leads to genome‑wide hypomethylation, which 
affects the stability of the genome and may easily lead to 
malignant transformation of normal cells (27). Genome‑wide 
hypomethylation is an important characteristic of cancer cells. 

Table II. Meta‑analysis of methylenetetrahydrofolate reductase (MTHFR) polymorphisms and risk of lung cancer.

Genetic models	 OR (95% CI)	 I2 (%)	 P‑value

C677T
  TT vs. CC/CT
    All	 1.24 (1.01‑1.52)	 71	 0.0001
    Hospital‑based	 1.39 (0.85‑2.27)	 85	 0.0002
    Population‑based	 1.20 (0.90‑1.51)	 63	 0.005
  TT vs. CC
    All	 1.44 (0.86‑2.39)	 94	 0.00001
    Hospital‑based	 3.01 (1.07‑8.46)	 94	 0.00001
    Population‑based	 1.02 (0.55‑1.89)	 94	 0.00001
  TT/CT vs. CC
    All	 1.15 (0.84‑1.56)	 92	 0.00001
    Hospital‑based	 1.26 (0.90‑1.74)	 77	 0.004
    Population‑based	 1.08 (0.71‑1.63)	 93	 0.00001

A1298C
  CC vs. AA/AC
    All	 1.18 (0.88-1.59)	 0	 0.48
    Hospital‑based	 1.24 (0.88‑1.76)	 0	 0.44
    Population‑based	 1.02 (0.57‑1.82)	 25	 0.26
  CC vs. AA
    All	 1.18 (0.88‑1.59)	 0	 0.45
    Hospital‑based	 1.24 (0.87‑1.75)	 4	 0.35
    Population‑based	 1.04 (0.58‑1.86)	 20	 0.29
  CC/AC vs. AA
    All	 1.02 (0.90‑1.15)	 0	 0.76
    Hospital‑based	 1.01 (0.87‑1.17)	 22	 0.28
    Population‑based	 1.04 (0.90‑1.15)	 0	 0.76

OR, odds ratio; CI, confidence interval.

Table III. Stratified analyses based on smoking and histology type of the association between methylenetetrahydrofolate reduc-
tase (MTHFR) C677T polymorphisms (TT vs. CC/CT) and lung cancer.

	 Cases	 Controls
Subgroup	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
analyses	 TT	 CC/CT	 TT	 CC/CT	 OR (95% CIs)	 P‑value	 Refs.

Ever smoker	 104	 498	 72	 661	 1.38 (0.59‑3.21)	 0.46	 (12,17)
Never smoker	 55	 246	 42	 220	 1.28 (0.78‑2.10)	 0.33	 (12,17)
Squamous carcinoma	 103	 131	 137	 392	 1.53 (1.09‑2.14)	 0.01	 (11,13,14)
Adenocarcinoma	 88	 142	 137	 392	 2.13 (0.90‑5.00)	 0.08	 (11,13,14)

OR, odds ratio; CI, confidence interval.
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5,10‑CH2‑THF is a substrate of the thymidylate synthetase 
enzyme, is involved in purine synthesis in the methylation of 
deoxyuridine monophosphate (dUMP) nucleotide to deoxythy-
midine monophosphate (dTMP) and contributes to DNA 
synthesis. In the case of dTMP shortage, it is replaced by dUMP 
in DNA synthesis, leading to DNA double‑strand breaks and 
resulting in tumorigenesis (28). MTHFR C677T and A1298C 
are two common genetic polymorphisms. The MTHFR variant 
genotype C677TT decreases enzymatic activity by 70% (3) 
and C677CT by 40% (29). MTHFR A1298C polymorphism 
also reduces the specific activity of the enzyme, although to a 
lesser extent. Decreased enzymatic activity of MTHFR affects 
folate metabolism. Folate facilitates the provision of methyl 
groups that are required for intracellular methylation reactions 
and DNA repair. Thus, MTHFR polymorphism may increase 
the risk of lung cancer, as well as of other malignancies (30). 
Published data from recent studies demonstrated a significant 
correlation between MTHFR gene polymorphism and the risk 
of lung cancer (11‑14,17,20‑23,31‑33). However, other studies 
failed to demonstrate such a correlation (15,16,18,19,34‑36). 
The meta‑analysis may provide comprehensive evaluation 
and quantitive analysis of inconsistent results from individual 
studies of identical aim. We conducted the meta‑analysis to 
elucidate the association of MTHFR C677T and A1298C poly-
morphisms with susceptibility to lung cancer in East Asian 
populations. The results indicate a significantly increased 
risk of lung cancer associated with the MTHFR 677TT 
genotype compared to the MTHFR 677CC/CT genotypes, 
but indicated no positive relationship between other MTHFR 
C677T genetic models or the A1298 genetic model and the 
risk of lung cancer, when the studies were pooled together. 
The harmful substances in tobacco may cause DNA damage, 
leading to gene mutations, thus increasing the risk of lung 
and esophageal cancer, as well as of other malignancies; by 
contrast, the adequate intake of folate significantly reduces 
the risk of lung cancer  (22). Therefore, folate metabolism 
and smoking are crucial in the occurrence of lung cancer. In 
the stratified meta‑analysis based on smoking status, we did 
not observe a positive relationship between MTHFR C677T 
gene polymorphism and lung cancer risk, regardless of the 
smoking status. The results suggested that smoking was not a 
predominant factor affecting the association between MTHFR 
C677T polymorphisms and lung cancer risk. Of note, only 
two published studies provided sufficient data to assess the 
relationship between MTHFR polymorphism and lung cancer 
risk in the presence of smoking. Therefore, the results are not 
considered reliable. In the stratified analysis based on histo-
logical types, we observed that the MTHFR 677TT genotype 
is associated with a significant increase in the risk of lung 
squamous carcinoma compared to C677CC/CT, but is nega-
tive in lung adenocarcinoma. The results suggest that MTHFR 
C677T polymorphisms may be related to histological type. We 
were not able to perform a stratified analysis based on alcohol 
consumption and folate intake, due to the insufficient data.

Heterogeneity may affect the interpretation of the 
meta‑analysis results. There was significant heterogeneity 
for C677T among the 13 studies. Heterogeneity is gener-
ally divided into clinical, methodological and statistical 
heterogeneity  (37), which may lead to a meta‑analysis 
heterogeneity. Clinical heterogeneity includes differences 

in the studied populations, sample selection (e.g., source of 
control populations) and other risk factors. Methodological 
heterogeneity may be mostly due to differences in trial design 
and quality. Statistical heterogeneity is due to the variation 
of the treatment effects estimated among different trials. 
Among these, clinical heterogeneity is the most common 
reason for meta‑analysis heterogeneity. The identification 
of the source of heterogeneity is one of the most important 
aims of a meta‑analysis. Therefore, we selected East Asian 
populations of identical race, leading similar lifestyles and 
exposed to similar environmental factors, in order to perform 
this meta‑analysis. We also stratified the studies according 
to the source of controls. Subsequently, a subgroup analysis 
stratified according to the source of control population 
demonstrated a significant heterogeneity as well, suggesting 
that the source of the control population contributed only 
slightly to the overall heterogeneity. In the subgroup analysis 
based on the source of the control population, we observed 
a significantly increased risk of lung cancer associated with 
the C677TT genotype, compared to the C677CC genotype, 
in a subgroup of hospital‑based controls. However, we were 
unable to reach definitive conclusions due to the small sample 
size of this study and the complexity of the individuals 
included in the control groups, who may suffer from other 
diseases associated with MTHFR mutations. Therefore, 
more detailed information should be obtained to evaluate 
the relationship among them. Heterogeneity may be due to 
the source of control population including, not only hospital 
patients, but the general population as well; subjects in the 
general population may suffer from other diseases associated 
with MTHFR gene polymorphism, such as hypertension (38), 
cardiovascular and cerebrovascular diseases (39).

Certain limitations of this meta‑analysis should be 
acknowledged. Firstly, some individuals in the control group 
are likely to suffer from diseases associated with MTHFR 
gene polymorphism. Secondly, some individuals in the control 
group may develop lung cancer years later, although they were 
negative for signs of lung cancer at the time of the investiga-
tion. Thirdly, we were not able to conduct a subgroup analysis 
according to age, folate intake and alcohol consumption, due to 
the sparsity of available data on lung cancer subtype. Finally, 
subgroup analyses according to smoking status and histological 
type were performed, but the sample size was insufficient to 
support the results. Despite these limitations, the meta‑analysis 
included a substantial number of cases and controls from the 
studies on the association between MTHFR polymorphism 
and lung cancer risk, which greatly enhanced the statistical 
power of the analysis and provided enough evidence for the 
authors to draw a reliable conclusion. Furthermore, no publi-
cation bias was identified in the present meta‑analysis, which 
enhances the reliability of the meta‑analysis results.

In conclusion, this meta‑analysis indicated that MTHFR 
677T polymorphism has a significant association with lung 
cancer risk. However, since the number of the studies included 
in our meta‑analysis was limited, large‑sample studies using 
standardized unbiased methods, definitively diagnosed 
lung cancer patients, more detailed individual data and 
well‑matched controls should be conducted. Moreover, lung 
cancer development results from the interaction of genetic 
and environmental factors. Future studies should consider 
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gene‑gene and gene‑environment interactions in lung cancer. 
Further investigations on MTHFR polymorphisms and lung 
cancer susceptibility may elucidate the relationship between the 
two and provide a theoretical basis for lung cancer prevention.
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