
Systematic Review and Meta-Analysis Medicine®

OPEN
Association between met
hylenetetrahydrofolate
reductase (MTHFR) polymorphisms and lung
cancer risk in Chinese people
An updated meta-analysis
Rui Zhong, MDa, Qingling Chen, MDb, Xinyue Zhang, MDa, Mengmeng Li, MDa, Xin Zhang, MDa,
Weihong Lin, MD, PhDa,∗

Abstract
Background: The association between Methylenetetrahydrofolate Reductase (MTHFR) polymorphisms and lung cancer risk in
Chinese people has been widely explored; however, the results remain controversial. Thus, we conducted a meta-analysis to
investigate the association between MTHFR gene polymorphisms and susceptibility to lung cancer in Chinese people.

Objective: We performed an updated meta-analysis to investigate the association between MTHFR gene polymorphisms and
susceptibility to lung cancer in Chinese people.

Methods: PubMed, EMBASE, WANFANG database, and CNKI were searched to collect eligible articles. The associations of
MTHFR gene polymorphism with lung cancer risk were evaluated by calculating the pooled odds ratios (ORs) and the 95%
confidence interval (CI). The dominant, recessive, heterozygous, homozygous, and allelic genetic models were used to calculate the
combined ORs.

Results: A total of 16 eligible studies were identified in the present meta-analysis. Evidence from the pooled results indicated a
significant association between the MTHFR C677T polymorphism and lung cancer susceptibility in Chinese people under the
dominant, recessive, homozygous and allelic genetic models (T vs C: OR=1.252, 95%CI, 1.090–1.437; TT vs CC: OR=1.741, 95%
CI, 1.252–2.420. (TT+CT) vs CC: OR=1.227, 95% CI, 1.030–1.426. TT vs (CT+CC): OR=1.606, 95% CI, 1.207–2.137).

Conclusion: The present updated meta-analysis demonstrated that the MTHFR C677T polymorphism was significantly
associated with susceptibility to lung cancer in Chinese people. Additional case-control studies with large sample sizes are needed to
validate our findings.

Abbreviations: CI = confidence interval, MTHFR = methylenetetrahydrofolate reductase, NSCLC = non-small cell lung cancer,
ORs = odds ratios, SCLC = small cell lung cancer.
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1. Introduction

Cancer has become the leading cause of death worldwide due to
the growth and aging of the population.[1] Lung cancer is the
most common form of diagnosed cancer and has led to the most
cancer deaths (approximately 18.4% of cancer deaths) in both
sexes combined.[2] Small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC) are the two main pathological types of
lung cancer. It has been widely believed that both environmental
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risk factors, suchas tobacco smoke exposure andgenetic variation,
are associated with the development of lung cancer.[3–5]

Evidence from recent studies has indicated that high serum
folate levels are considered to have a protective effect against lung
cancer.[6,7] The findings of a recent meta-analysis also confirmed
the protective role of serum folate against lung cancer.[8] Folate
metabolism participates in the process of DNA methylation and
repair, which may prevent canceration. In addition, folate
participates in one-carbon metabolism, and the importance of
one-carbonmetabolism in the high growth rate of cancer cells has
been widely accepted.[9] Methylenetetrahydrofolate Reductase
(MTHFR) gene polymorphisms may regulate the expression of
folate.[10] By regulating folate expression, the MTHFR gene
polymorphism is considered to be associated with susceptibility
to lung cancer. C677T and A1298C are the two most common
SNPs in theMTHFR gene, and these SNPs have been identified to
influence plasma folate levels and MTHFR gene activity.[11,12]

The association between MTHFR gene polymorphisms and
lung cancer risk has been widely studied; however, the results
remain controversial. The results from a previous meta-analysis
revealed a significant association between the MTHFR C677T
polymorphism and an increased risk of lung cancer in Asian
populations; however, the study did not find a significant
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association of the MTHFR A1298C polymorphism with
susceptibility to lung cancer in Asians.[13,14] Two meta-
analyses[15,16] were carried out to assess the association between
MTHFR gene polymorphisms and lung cancer risk in Chinese
people and draw a consistent conclusion. Those studies did not
find a relationship between MTHFR gene polymorphisms and
lung cancer risk in the overall population. With the aim of
exploring these findings, we conducted an updated meta-analysis
to investigate the association between MTHFR gene polymor-
phisms and susceptibility to lung cancer in Chinese people.
2. Materials and methods

Ethical approval was not necessary, and all analyses in the
present study were based on previous published studies, thus no
ethical approval and patient consent are required.
2.1. Literature search

This meta-analysis was completed according to the meta-analysis
on the Genetic Association Studies Checklist. We conducted a
systematic literature search with PubMed, EMBASE, WAN-
FANG database and CNKI to collect eligible articles using
the following key terms: (“lung cancer”OR “pulmonary cancer”
OR “lung neoplasms”) AND (“MTHFR” OR “C677T” OR
“A1298C”) (specific combination of keywords at PubMed) from
inception to Nov. 10, 2018. The reference lists of included studies
were also screened to identify additional articles. We restricted
our search to case-control or cohort trials for meta-analysis. Only
English and Chinese articles were involved.
2.2. Study selection

The trials included in the meta-analysis fulfilled the following
inclusion criteria:
1.
 the study was limited to case-control or cohort trials;

2.
 the study could evaluate the relationship between MTHFR

gene polymorphism and lung cancer risk; and

3.
 lung cancer was diagnosed based on standard criteria.

4.
 The study reported the gene type or allele frequencies in both

cases and controls.

Accordingly, the exclusion criteria were as follows:
1.
 duplicates,

2.
 case reports, reviews, letters or meta-analysis were excluded

3.
 (3), as were studies with inadequate information and

4.
 studies with overlapping dates.

We first screened titles and abstracts and excluded studies that
clearly did not fulfill the inclusion criteria. Studies that
provisionally met the eligibility criteria were further assessed
for eligibility by examination of the full text. Two reviewers
(Zhong and Chen) independently checked the articles and
resolved disagreements by discussion. Only the most relevant
articles were included in the final analysis.
2.3. Quality assessment

Two reviewers independently assessed the quality of each
included study in the meta-analysis according to the New-
castle-Ottawa scale. Trials with a score of at least 6 stars were of
good quality and below 6 stars were of poor quality. We resolved
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disagreements by discussion, or the disagreements were judged by
the third reviewer to ensure a consistent outcome.
2.4. Date abstraction

The following information was extracted from each study: first
author, year of publication, province, area, study design and the
number of cases and controls, allele frequencies, genotype
distributions of cases and controls, and Hardy-Weinberg
equilibrium among controls. When this information was
incomplete, we checked the supplementary date and contacted
the corresponding authors for the required data. Two reviewers
independently extracted the main data from the selected studies.
2.5. Statistical analysis

The association of CMTHFR C677T and A1298C with lung
cancer risk was evaluated by calculating the pooled odds ratios
(ORs) and 95% confidence interval (CI). The dominant,
recessive, heterozygous, homozygous and allelic genetic models
were used to calculate the combined ORs. Heterogeneity was
assessed by the P value of X2 and I2 statistics, and heterogeneity
was significant if the i2 statistic was greater than 50% or if the P
value was less than .1. We used a randomized effects model to
pool the results for significant heterogeneity in our meta-analysis;
otherwise, a fixed effects model was applied. To explore the
potential source of heterogeneity, subgroup analysis was carried
out based on area (North China vs South China). In addition,
sensitivity analysis, by removing one study at a time, was
conducted to evaluate the stability of the results. We performed
Begg test and Egger test to assess publication bias (P< .05 was
considered statistically significant). All statistical analyses were
conducted with STATA 12.0 software. A P value of <.05 was
considered statistical significance.
3. Results

3.1. Study selection

A total of 301 potentially relevant articles were identified from
initial database searching, of which 139 publications were
removed due to duplicates; 162 studies remained after duplicates
were excluded. Then, we excluded 125 articles that were
obviously irrelevant based on titles and abstracts, and the
remaining 37 articles were assessed in detail for full text. After full
text assessment, we eventually identified 16[17–32] studies that
could be used for the meta-analysis. A flowchart of the process
used for identification of studies is presented in Figure 1.

3.2. Characteristics of the studies and quality assessment

Eventually, 16 case-control studies with a total of 9294
individuals (4023 cases and 5270 controls) met our inclusion
criteria and were included in our meta-analysis. Sixteen studies
assessed the association between CMTHFR C677T polymor-
phisms and lung cancer susceptibility, and 8 studies investigated
CMTHFRA1298C and lung cancer risk. Of the included studies,
9 were carried out in South China, and 7 were performed in
North China. The characteristics of the included articles were
summarized in Table 1. The quality of 16 trials was evaluated
using the Newcastle-Ottawa scale, and the results are also shown
in Table 1. Two studies received a score of 8, 9 studies scored 7,



Table 1

The characteristics of the included studies.

Number

First Author Year Province Area Study design Genotype Cases Controls Genotype method NOS

Jeng et al 2003 Taiwan South China Case-control C677T 59 232 PCR 7
Zhang et al 2005 Beijing North China Case-control C677T,A1298C 505 500 No stated 6
Shen et al 2005 Yunnan South China Case-control C677T,A1298C 122 122 PCR 7
Jing et al 2007 Guangdong South China Case-control C677T,A1298C 100 100 PCR 7
Liu et al 2008 Jangsu South China Case-control C677T,A1298C 500 517 PCR 8
Liu et al 2009 Taiwan South China Case-control C677T,A1298C 358 716 PCR 7
Yang et al 2010 Jiangxi South China Case-control C677T 120 165 PCR 6
Yao et al 2010 Hubei South China Case-control C677T 93 106 PCR 6
Cui et al 2011 Shandong North China Case-control C677T 438 641 PCR 7
Cheng et al 2011 Henan North China Case-control C677T 178 180 PCR 7
Cheng et al 2012 Henan North China Case-control C677T 94 78 PCR 8
Ma et al 2012 Yunnan South China Case-control C677T 120 60 PCR-RFLP 6
Cai et al 2014 Henan North China Case-control C677T,A1298C 202 210 PCR 7
Ding et al 2017 Fujian South China Case-control C677T 521 1030 SNPscan 7
Sun et al 2018 Heilongjiang North China Case-control C677T,A1298C 225 225 PCR 6
Tong et al 2018 Liaoning North China Case-control C677T,A1298C 388 388 PCR-RFLP 7

Figure 1. The process of identification of the studies.
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Table 2

CMTHFR (C677T and A1298C) genotype and allele distribution among lung cancer cases and controls.

First Author (yr) Lung cancer Control HWE

C677T TT CT CC T C TT CT CC T C P

Jeng et al (2003) 1 22 36 24 94 14 95 123 123 341 .438
Zhang et al (2005) 155 230 120 540 470 109 231 160 449 551 .138
Shen et al (2005) 18 65 33 101 131 16 42 53 74 148 .117
Jing et al (2007) 24 52 24 100 100 13 48 39 74 126 .767
Liu et al (2008) 98 245 157 441 559 10 265 149 285 563 <.05
Liu et al (2009) 29 124 205 182 534 63 291 362 417 1015 .679
Yang et al (2010) 19 52 49 90 150 28 75 62 131 199 .516
Yao et al (2010) 20 46 27 86 100 19 51 36 89 123 .899
Cui et al (2011) 140 240 58 520 356 195 325 121 715 567 .483
Cheng et al (2011) 71 58 49 200 156 45 88 47 178 182 .767
Cheng et al (2012) 35 33 26 103 85 18 39 21 75 81 .99
Ma et al (2012) 46 54 20 146 94 10 28 22 48 72 .83
Cai et al (2014) 46 102 54 194 210 21 112 69 154 250 <.05
Ding et al (2017) 44 235 241 323 717 122 466 441 710 1348 .948
Sun et al (2018) 52 113 60 217 233 24 124 77 172 278 <.05
Tong et al (2018) 144 181 63 469 307 115 195 78 425 351 .777
A1298C CC CA AA C A CC CA AA C A
Zhang et al (2005) 9 141 355 159 851 5 150 345 160 840 <.05
Shen et al (2005) 2 41 71 45 183 6 34 69 46 172 .509
Jing et al (2007) 2 28 70 32 168 2 30 68 34 166 .528
Liu et al (2008) 18 141 341 177 823 11 142 364 164 870 .509
Liu et al (2009) 15 115 228 145 571 23 226 467 272 1160 .492
Cai et al (2014) 41 106 55 188 216 35 102 65 172 232 .642
Sun et al (2018) 5 61 159 71 379 9 72 144 90 360 1
Tong et al (2018) 4 79 305 87 689 12 100 276 124 652 .429

HWE=Hardy-Weinberg equilibrium.

Zhong et al. Medicine (2019) 98:24 Medicine
and 5 studies scored 6, indicating high quality. In addition, the
genotype and allele distribution of the CMTHFR gene among
cases and controls are listed in Table 2. For CMTHFR C677T,
genotype values in the control group of 13 studies were in
agreement with HWE. For CMTHFR A1298C, the genotype
distribution of the controls in 1 study was not in compliance with
the HWE.
3.3. Meta-analysis of CMTHFR C677T polymorphisms

Sixteen case-control studies with a total of 4023 cases and 5270
controls assessed the association of CMTHFR C677T polymor-
phisms with susceptibility to lung cancer. The combined analysis
revealed that there was a significant relationship between
CMTHFR C677T polymorphisms and susceptibility to lung
cancer in Chinese people overall under dominant, recessive,
homozygous and allelic genetic models (T vs C: OR=1.252, 95%
CI, 1.090–1.437; TT vs CC: OR=1.741, 95% CI, 1.252–2.420.
(TT+CT) vs CC: OR=1.227, 95% CI, 1.030–1.426. TT vs (CT
+CC): OR=1.606, 95% CI, 1.207–2.137. In subanalysis based
on the area of China (North China vs South China), we observed
similar results in the North China population under all genetic
models (T vs C: OR=1.321, 95% CI, 1.212–1.440; TT vs CC:
OR=1.796, 95%CI, 1.505–2.145; CT vs CC: OR=1.176, 95%
CI, 1.009–1.371; (TT+CT) vs CC: OR=1.362, 95% CI, 1.179–
1.575. TT vs (CT+CC): OR=1.677, 95% CI, 1.316–2.138).
However, we did not find any association between CMTHFR
C677T polymorphisms and lung cancer risk in the South China
population under all genetic models. The results of the meta-
analysis of CMTHFR C677T polymorphisms are shown in
Table 3 and Figure 2. We performed sensitivity analysis to assess
4

the stability of the results, and there was no significant change in
the overall results by removing each study (Fig. 3). We conducted
Begg test and Egger test to assess the publication bias of the
included studies. The results are shown in Table 3, and no
publication bias was observed. A funnel plot for the association
between MTHFR C677T and lung cancer risk is shown in
Figure 4.

3.4. Meta-analysis of CMTHFR A1298C polymorphisms

Eight studies including 2400 lung cancer cases and 2778 controls
evaluated the relationship between the MTHFR A1298C
polymorphism and lung cancer susceptibility. We did not find
a significant association between the MTHFR A1298C poly-
morphism and lung cancer risk in the overall Chinese population
with any of the genetic models. We performed a subgroup meta-
analysis by area of China and did not observe any association of
the MTHFR A1298C polymorphism with lung cancer risk in
either the North China or South China populations under all
genetic models. The results are shown in Table 3.
Sensitivity analyses revealed the stability of the results. We did

not observe publication bias (P> .05).
4. Discussion

The findings of our meta-analysis indicated that the CMTHFR
C677T polymorphism was significantly associated with an
increased risk of lung cancer in the overall Chinese and North
China populations. However, we did not find an association
between the MTHFR A1298C polymorphism and lung cancer
susceptibility in Chinese people. In other words, the individuals



Table 3

Meta-analysis of CMTHFR gene polymorphisms and susceptibility to lung cancer.

Association Heterogeneity Publication bias

Population Comparison OR (95% CI) I2 (%) P Begg Egger Model

C677T
Overal T vs C 1.252 (1.090–1.437) 77.50% 0 0.753 0.317 Random

TT vs CC 1.741 (1.252–2.420) 80.30% 0 0.392 0.343 Random
CT vs CC 1.091 (0.924–1.288) 59.20% .001 0.444 0.213 Random

TT+CT vs CC 1.227 (1.030–1.462) 67.60% 0 0.3 0.087 Random
TT vs CT+CC 1.606 (1.207–2.137) 81.20% 0 0.444 0.286 Random

North China T vs C 1.321 (1.212–1.440) 0 .591 0.548 0.4 Fixed
TT vs CC 1.796 (1.505–2.145) 0 .426 0.368 0.4 Fixed
CT vs CC 1.176 (1.009–1.371) 42.50% .108 0.072 0.07 Fixed

TT+CT vs CC 1.362 (1.179–1.575) 0 .586 0.035 0.03 Fixed
TT vs CT+CC 1.677 (1.316–2.138) 62% .014 0.133 0.09 Random

South China T vs C 1.186 (0.928–1.518) 84.80% 0 0.348 0.3 Random
TT vs CC 1.627 (0.838–3.157) 87.70% 0 0.251 0.2 Random
CT vs CC 1.085 (0.853–1.380) 64.40% .004 0.048 0.04 Random

TT+CT vs CC 1.182 (0.902–1.549) 75.00% 0 0.076 0.07 Random
TT vs CT+CC 1.460 (0.800–2.666) 87.10% 0 0.251 0.3 Random

A1298C
Overal C vs A 0.978 (0.883–1.082) 47% .067 0.266 0.316 Fixed

CC vs AA 1.086 (0.799–1.476) 41.70% 0.1 0.108 0.113 Fixed
CA vs AA 0.952 (0.842–1.077) 0 .46 0.711 0.935 Fixed

CC+CA vs AA 0.958 (0.850–1.080) 29% .197 0.711 0.789 Fixed
CC vs CA+AA 1.068 (0.797–1.431) 35.40% .146 0.266 0.171 Fixed

North China C vs A 0.879 (0.685–1.130) 67.40% .027 0.734 0.4 Random
CC vs AA 0.837 (0.385–1.816) 62.10% .048 0.089 0.3 Random
CA vs AA 0.867 (0.729–1.031) 25.70% .257 0.734 0.7 Fixed

CC+CA vs AA 0.866 (0.672–1.116) 53% .094 0.734 0.8 Random
CC vs CA+AA 0.855 (0.433–1.687) 54.10% .088 0.089 0.4 Random

South China C vs A 1.075 (0.928–1.244) 0 .805 0.734 0.3 Fixed
CC vs AA 1.263 (0.799–1.996) 13% .328 0.734 0.2 Fixed
CA vs AA 1.049 (0.880–1.252) 0 .946 1 0.8 Fixed

CC+CA vs AA 1.069 (0.902–1.267) 0 .949 0.308 0.1 Fixed
CC vs CA+AA 1.242 (0.788–1.954) 17.40% .304 0.734 0.2 Fixed

CI=Confidence interval, OR= odds ratio.
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with the TT genotype in the CMTHFR C677T gene had a
significantly higher risk for developing lung cancer compared
with those bearing the CC genotype, and carriage of the T allele in
the CMTHFR C677T gene increased the susceptibility to lung
cancer.
The association between CMTHFR gene polymorphisms and

lung cancer susceptibility has been widely studied, especially for
the CMTHFR C677T polymorphism. However, definite results
cannot be reached. Shen et al[33] first reported the relationship
between the CMTHFR C677T polymorphism and lung cancer
risk in their case-control study and did not find an association
between the CMTHFR C677T polymorphism and lung cancer
risk. Their conclusion was supported by several subsequent
studies.[23,24,34] However, Liu et al stated the opposite in their
findings, and the results of their study revealed a significant
association of the CMTHFR C677T polymorphism with an
increased risk of lung cancer. Some subsequent studies also
replicated this result.[25,28,29,32] Previously, several meta-analyses
were performed to evaluate the association of CMTHFR gene
polymorphisms with lung cancer susceptibility. A recent meta-
analysis[13] revealed that the CMTHFR C677T polymorphism is
significantly associated with an increased risk of lung cancer in
Asian and overall populations but not in Caucasian populations.
However, the meta-analysis did not find a significant association
between the CMTHFR A1298C polymorphism and lung cancer
5

risk. With the aim of assessing the relationship between
CMTHFR gene polymorphisms and lung cancer susceptibility
in Chinese people, 2 previous meta-analyses[15,16] based on
Chinese people were carried out; however, they did not observe a
significant association of CMTHFR gene polymorphisms with
lung cancer risk in the overall population, which was inconsistent
with the results of other meta-analyses.[14]

Recently, more case-control studies on this topic were
performed to test previous findings. Thus, we conducted an
updated meta-analysis to assess the association between
CMTHFR gene polymorphisms and lung cancer susceptibility
in Chinese people. We included 16 eligible articles in the meta-
analysis, of which 16 related to the C677T polymorphism and 8
related to the A1298C polymorphism. In the present meta-
analysis, we found that the T allele in CMTHFR C677T,
compared with the C allele, led to an increased risk of lung cancer
in Chinese people. In addition, the results revealed that the TT
genotype of CMTHFR C677T was indicative of a higher risk of
lung cancer than the CC genotype. The significant association
between the C677T polymorphism and susceptibility to lung
cancer was also shown in dominant and recessive models. Our
findings completely differ from the results of a previous meta-
analysis.[15,16] The different results may be attributed to the
sample size and genetic backgrounds in different areas of China.
As is well known, the association between gene SNPs and

http://www.md-journal.com


Figure 2. A Forest plot of the association between the CMTHFR C677T polymorphism (T vs C) and lung cancer susceptibility. B Forest plot of the association
between the CMTHFR C677T polymorphism (TT+CT vs CC) and lung cancer susceptibility.
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Figure 3. Sensitivity analyses of the association between the CMTHFR C677T polymorphism (T vs C) and lung cancer susceptibility.
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disorders is largely dependent on the sample size. Our meta-
analysis thus provides a more accurate conclusion based on
sample size. In the present meta-analysis, subgroup analysis
based on areas of China indicated that there was a significant
association between the CMTHFRC677T polymorphism and an
increased risk of lung cancer in the North China population but
not in the South China population. However, no association was
observed between the MTHFR A1298C polymorphism and lung
cancer susceptibility in both the North China and South China
populations. A recent case-control study was performed in a
female Chinese population, and a significant association between
Figure 4. Funnel plot of the association between the CMTHFR

7

theMTHFRA1298C polymorphism and a decreased risk of lung
cancer was observed in Chinese women.[32] However, we failed
to perform a subgroup analysis by gender due to a lack of detailed
information on gender. For the meta-analysis, the CMTHFR
C677T polymorphism and heterogeneity decreased after sub-
group analysis in the North China population in dominant,
heterozygous, homozygous and allelic genetic models; however,
heterogeneity persisted in the South China population in all
genetic models. Thus, the different areas of China may lead to a
high degree of heterogeneity in the North China population.
Furthermore, sensitivity analyses indicated that the results were
C677T polymorphism (T vs C) and lung cancer susceptibility.

http://www.md-journal.com
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statistically robust, and no publication bias was found, indicating
the stability of the results of our meta-analysis. Our findings were
consistent with the results of a previous meta-analysis based on
the East Asian population by Zhang et al.[14] In contrast to our
study based on Chinese people, the meta-analysis by Zhang et al
was conducted on East Asian populations, including Chinese,
Japanese, and Korean peoples.
Several limitations of the meta-analysis should be acknowl-

edged. First, a meta-analysis may be biased when the literature
search fails to identify all relevant studies. However, access to
unpublished articles remains difficult, which might be a potential
limitation of our study. Only English and Chinese studies were
included in our meta-analysis, which may have caused publica-
tion bias. Begg test and Egger test were used to investigate the
publication bias. However, no significant publication bias was
observed by Begg test or Egger test, indicating the stability of the
results. Second, all analyses were based primarily on unadjusted
ORs, and confounding factors were controlled. In addition, we
were unable to assess all gene-to-environment and gene-to-gene
interactions. Third, subgroup analyses based on gender, smoking
status or type of lung cancer could not be conducted. Thus, more
case-control studies with large sample sizes and detailed character-
istics are needed. Finally, significant heterogeneity existed in
several genetic models, and we did not find the source of the
heterogeneity through subgroup analysis and sensitivity analyses.
In conclusion, our meta-analysis found that the CMTHFR

C677T polymorphism was associated with a high risk of lung
cancer in the overall Chinese and North Chinese populations. We
found that the T allele and TT genotype lead to an increased risk
of lung cancer in Chinese people. In addition, we did not observe
an association between theMTHFR A1298C polymorphism and
lung cancer susceptibility. Further case-control studies with large
sample sizes are needed to validate our findings.
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