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Background: Studies on serum one-carbon metabolism factors (folate, B6, B12,
homocysteine, and methionine) with lung cancer (LC) risk have produced inconsistent
results. We aimed to systematically evaluate the association between them.

Methods: This study was reported in accordance with the PRISMA Statement and was
registered with PROSPERO (no. CRD42018086654). Relevant studies were searched in
PubMed, Embase, MEDLINE, and CNKI up to February 2018. Random-effects models
were used to estimate the pooled standardized mean differences (SMD) or odds ratios
(OR), as well as their 95% confidence interval (Cl). Sensitivity and subgroup analysis were
performed to identify the source of heterogeneity. Publication bias was also assessed.

Results: Atotal of 14 articles (8,097 patients) were included. The concentration of serum
folate and vitamin B6 of LC patients were lower than the controls [SMD —0.53, 95%
Cl (-0.70, —0.35), p = 0.001 and SMD —0.28, 95%CI (-0.53, —0.02), p = 0.001,
respectively]. While the concentration of homocysteine of the cases was higher than the
controls [SMD 0.41, 95% CI (0.24, 0.59), p = 0.001]. However, there were no significant
differences between LC patients and the controls in terms of vitamin B12 and methionine
[SMD —0.09, 95% CI (—0.27, 0.09), p = 0.202 and SMD —0.13, 95% CI (—0.36, 0.10),
p = 0.001]. Subgroup analysis showed that these results were more significant in Europe,
Asia, former and current smokers, and the male population (p-value < 0.05).

Conclusions: Serum folate and vitamin B6 might be protective factors against lung
carcinogenesis and homocysteine could contribute to LC risk.

Keywords: one-carbon metabolism, folate (vitamin B9), vitamin B6, lung cancer, serum, meta-analysis

INTRODUCTION

Despite advancement in treatment, lung cancer remains the most common and fatal cancer in the
world (1). At present, 60% of lung cancer cases are in an advanced stage or metastatic at the time of
diagnosis, highlighting the importance of finding serum biological variables in early stage of lung
cancer (LC) (2).

Frontiers in Oncology | www.frontiersin.org

1 October 2018 | Volume 8 | Article 493


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2018.00493
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2018.00493&domain=pdf&date_stamp=2018-10-31
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:lhyyzlekzr07@hotmail.com
https://doi.org/10.3389/fonc.2018.00493
https://www.frontiersin.org/articles/10.3389/fonc.2018.00493/full
http://loop.frontiersin.org/people/630105/overview
http://loop.frontiersin.org/people/590655/overview

Yang et al.

Serum OCM and Lung Cancer

A growing body of evidence shows that DNA methylation
plays an important role in the progression of cancers (3). DNA
methylation requires a methyl donor, which is mainly provided
by one-carbon metabolism (OCM) (4, 5). S-adenosylmethionine
(SAM), the activated form of methionine, serves as the
most important methyl donor. It can disrupt methionine
cycle and change cytosine methylation in DNA by reducing
intracellular SAM levels. In fact, the OCM involves a variety of
factors, including folate (vitamin B9), vitamin B6, vitamin B12,
homocysteine, and methionine. These factors interact with each
other in a complex biochemical metabolic pathway. Through
the mediating effects of these factors, one-carbon groups
are transferred to maintain DNA methylation, regulate gene
synthesis, and provide important material basis for biological
functions (6, 7). Moreover, OCM is a dynamic process, in which
the decrease or accumulation of one component can affect
DNA methylation and genomic integrity, resulting in altered
epigenetic modification, imbalanced of tumor suppressor genes
and oncogene and induced malignant transformation (8).

However, researchers are still debating on the role of these
factors in the development of LC. Some studies found no
association between some OCM related factors and LC risk (9-
12). However, increasing numbers of evidence have shown that B
vitamins and methionine were correlated with LC risk, not only
in dietary supplements (13, 14) but also in serum (15-17).

To the best of our knowledge, previous meta-analyses have
not analyzed the relationship between all OCM factors in
serum and LC risk. Thus, this study aims to systematically and
comprehensively estimate the association of B vitamins (folate,
B6, B12), homocysteine and methionine with LC risk in order to
evaluate their important roles in LC.

METHODS

This systematic review and meta-analysis was reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) Statement (additional
file: Checklist S1) and was registered with PROSPERO (no.
CRD42018086654).

Search

We systematically searched the PubMed, Embase, MEDLINE and
CNKI (China National Knowledge Infrastructure) databases to
identify relevant studies up to February 1, 2018. The search,
which placed no restrictions on language or publication status,
used the following search terms: (Lung Neoplasms [MeSH])
AND ((Vitamin B9 [MeSH] OR Folate [MeSH]) OR (Vitamin
B6 [MeSH] OR Pyridoxal 5-Phosphate [MeSH]) OR (Vitamin
B12 [MeSH] OR Cyanocobalamin [MeSH]) OR Homocysteine
[MeSH] OR Methionine [MeSH]). We also reviewed the relevant
references cited in the retrieved articles. The search strategy used
for PubMed is listed in Appendix A (Supplementary Material).

Selection Criteria

Studies were included in the meta-analysis if they met the
following criteria: (1) the study focused on the association
between serum B vitamins (folate, B6, B12) or homocysteine or

methionine involved in one-carbon metabolism and lung cancer
risk; (2) the outcome was lung cancer incidence; (3) case-control
study, cohort study, or randomized controlled trial (RCT); and
(4) the variables were reported as means (M) and standard
deviations (SD), or as odds ratio (OR) and 95% confidence
intervals (95% CI).

The exclusion criteria were (1) studies on dietary intake
or supplementation of these B vitamins, homocysteine and
methionine; (2) overlapping articles or studies that involved
overlapping data; (3) conference abstract or meta-analyses; and
(4) studies lacking healthy controls. If the same data were
presented in more than one study, we included the study with the
largest number of cases or provided more detailed information.

Data Extraction

Two investigators independently extracted the following data:
first author, publication year, region/country, methods, study
design, sample size, age, gender, source of controls and smoking
status. We also extracted means (M) and standard deviations
(SD) for the serum levels of B vitamins (folate, B6, B12),
homocysteine and methionine as well as odds ratio (OR) and
95% confidence interval (CI). To ensure the accuracy of the
data, inconsistencies were discussed with another reviewer until
a consensus was reached.

Quality Assessment

The Newcastle-Ottawa Scale (NOS) (18) was used to assess the
methodological quality of the included studies (Table S1). The
NOS consists of 3 aspects: selection, comparability, and exposure
in the primary study. The total score ranged from 0 to 9 stars.
Studies with 6 or more stars were classified as high-quality
studies; studies with fewer than 6 stars were considered to be of
low quality (19).

Data Analysis

All reported P-values were 2-sided; P-values < 0.05 were
considered statistically significant. Standardized mean difference
(SMD) and 95% confidence interval (95% CI) were used
to estimate the serum folate, B6, B12, homocysteine and
methionine in the overall and subgroup (by region, method)
population; Odds ratio (OR) and 95% CI were used to
evaluate these factors in subgroup population (by gender,
smoking status). If the pooled effect size SMD < 0 or
OR < 1, the factor was protective; otherwise it was a risk
factor.

Heterogeneity was calculated by Q test (Pp,;) and I-squared
(I?) statistics test. If P, < 0.1 or I> > 30%, then there was
significant heterogeneity. The fixed-effect model was used if
there was no heterogeneity; otherwise, a random-effect model
was applied. If significant heterogeneity existed, sensitivity
and subgroup analysis was used to explore heterogeneity
sources and studies with 95%CI markedly deviated from the
others or factors leading to I? largely decreased were primary
originators.

Publication bias were assessed using funnel plots and Egger
test when the number of studies for biological variable was more
than ten (20). If P < 0.1, publication bias exited and then a
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trim-and-fill method was implemented to estimate the effect of
publication bias on the results (21). All statistical analyses were
performed using STATA version 12.0 software (Stata Corp LP,
College Station, TX, USA).

RESULTS

Literature Search and Study

Characteristics

A total of 1,458 articles were retrieved from the literature
search, and 1,107 articles were obtained after the removal of
duplicates. After the titles and abstracts read, 765 articles were
found unrelated to the serum factors with lung cancer and
were excluded. Then excluded were 302 studies about oral

supplements, 4 conference abstracts, and 5 meta-analyses; after
this exclusion, 31 articles remained. After careful reading of the
full texts of these articles, 17 articles were further excluded from
the study because 12 provided no information on relationship
between serum factors and LC risk, 2 only included male
population (22, 23), 3 were duplicate data (16, 24, 25). Thus,
14 articles (17, 22, 23, 26-38) were finally included into this
systematic review and meta-analysis; The studies included 8,097
lung cancer patients and 10,008 healthy controls (Figure 1). Four
studies were from Europe, nine were from Asia, and one was
conducted in Europe, Asia, and America. Eleven of the studies
were case-control studies, and three were nested case-control
studies. The main features of these 14 studies are shown in
Table 1.

R
g Records identified through Additional records identified
'g database searching through other sources
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=
c
o
2]
A 4 A\ 4
—
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FIGURE 1 | Flow chart of the study selection process.
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Quality Assessment (the NOS Score)

The result of quality assessment of the included
studies based on Newcastle-Ottawa Scale (NOS) was
summarized in Table2. According to the quality

evaluation criteria, these 14 studies scored from 4 to
9, and Eight of them were high-scoring studies (quality
score > 6).

Meta-Analysis

Folate (Vitamin B9)

The concentration of serum folate of LC patients was significantly
lower than the controls in the overall population, as shown
in Figure 2 [SMD —0.53, 95% CI (—0.70, —0.35), p = 0.001].
Further subgroup analyses were carried out according to clinical
features. By region, serum folate level of LC patients was lower

Study %
1D SMD (95% CI) Weight
Folate (Vitamin B9)
Hu (1997) — e -0.71 (-1.06, -0.36)8.76
Mei (2008) L g -0.79 (-1.26, -0.32)6.83
Durda (2017) —— -0.26 (-0.40, -0.11)12.17
Baltar (2013) - -0.23 (-0.31, -0.15)12.91
Tsao (2007) 4 -0.66 (-1.24, -0.09)5.50
Ozkan (2007) <- -0.98 (-1.51, -0.45)6.02
Xu (2011) -0.80 (-1.26, -0.35)7.01
Jatoi (2001) e — -0.05 (-0.46, 0.36) 7.67
Zhu (2008) -&- -0.90 (-1.43, -0.38)6.11
Yu (2015) ¢ -0.98 (-1.49, -0.46)6.20
Wei (2012) — e -0.96 (-1.37, -0.54)7.63
Fanidi (2017) * -0.04 (-0.08, -0.00)13.19
Subtotal (I-squared = 89.4%, p = 0.000 -0.53 (-0.70, -0.35)100.00
Vitamin B6
Baltar (2013) - -0.34 (-0.43, -0.26)42.42
Tsao (2007) + -0.73 (-1.31, -0.15)13.71
Fanidi (2017) * -0.07 (-0.11, -0.03)43.87
Subtotal (I-squared = 95.0%, p = 0.000) = = ~0.28 (-0.53, -0.02)100.00
Vitamin B12
Baltar (2013) - 0.04 (-0.04, 0.12) 52.11
Yu (2015) 4 -0.41 (-0.90, 0.08) 10.88
Tsao (2007) + -0.35 (-0.92, 0.21) 8.63
Xu (2011) — -0.06 (-0.50, 0.38) 13.04
Wei (2012) — e -0.18 (-0.58, 0.21) 15.33
Subtotal (I-squared = 32.8%, p = 0.202) C> -0.09 (-0.27, 0.09) 100.00
Homocysteine
Baltar (2013) - 0.16 (0.08, 0.24) 24.70
Jatoi (2001) e e 0.27 (-0.15, 0.68) 10.43
Ozkan (2007) 4 0.74 (0.22, 1.26) 7.81
Zhu (2008) 4 0.65 (0.14, 1.17) 7.93
Wei (2012) s am 0.68 (0.27, 1.08) 10.74
Yu (2015) g 0.60 (0.10, 1.10) 8.24
Xu (2011) e e 0.44 (-0.00, 0.89) 9.58
Yu (2017) —_— 0.34 (0.16, 0.52) 20.58
Subtotal (I-squared = 61.9%, p = 0.010) > 0.41 (0.24, 0.58)  100.00
Methionine
Baltar (2013) - -0.25 (-0.33, -0.17)48.76
Fanidi (2017) L -0.02 (-0.06, 0.02) 51.24
Subtotal (I-squared = 96.1%, p = 0.000) <> -0.13 (-0.36, 0.10) 100.00
NOTE: Weights are from random effects analysis
I protective factor risk factor I
-1.51 0 1.51
FIGURE 2 | Forest plot for OCM-related factors (folate, vitamin B6, vitamin B12, homocysteine, and methionine) and the risk of lung cancer.
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in Europe [SMD —0.23, 95%CI (—0.30, —0.16), p = 0.001]
and Asia [SMD —0.84, 95%CI (—1.01, —0.67), p = 0.001], but
not in the US [SMD —0.02, 95%CI (—0.08, 0.03), p = 0.435].
By method, serum folate level was lower in using CLIA/RIA
[SMD —0.74, 95%CI (—0.95, —0.54), p = 0.001] and HPLC
method [SMD —0.26, 95%CI (—0.40, —0.11), p = 0.001], but
not by microbiological method [SMD —0.13, 95%CI (—0.32,
0.06), p = 0.168]. By gender, serum folate level was lower in
male patients [OR 0.82, 95%CI (0.73, 0.92), p = 0.001], but
not in females [OR 0.94, 95%CI (0.84, 1.05), p = 0.272]. By
smoking status, the difference was especially significant in former
smokers [OR 0.70, 95%CI (0.62, 0.79), p = 0.001] and current
smokers [OR 0.86, 95%CI (0.75, 0.99), p = 0.030], but was
not significant in never smokers [OR 0.86, 95%CI (0.75, 1.0),
p = 0.052] (Table 3).

Vitamin B6

The effect of serum B6 is presented in Figure2 [SMD —0.28,
95%CI (—0.53, —0.02), p = 0.001]. Subgroup analysis by region
showed that the concentration of serum B6 of LC patients was
lower than the controls in Europe [SMD —0.32, 95%CI (—0.41,
—0.23), p=0.001] and Asia [SMD —0.38, 95% CI (—0.54, —0.23),
p = 0.001], but not in the US [SMD —0.04, 95%CI (—0.09,
0.02), p = 0.207]. By gender, serum B6 level was lower in male
patients than controls [OR 0.70, 95%CI (0.56, 0.87), p = 0.002],
but not in females [OR 1.08, 95%CI (0.98, 1.21), p = 0.152].
By smoking status, the difference was especially significant in
former smokers [OR 0.68, 95%CI (0.59, 0.78), p = 0.001] and
current smokers [OR 0.76, 95%CI (0.62, 0.95), p = 0.013], but was
not significant in never smokers [OR 0.95, 95%CI (0.36, 2.48),
p =0.910] (Table 3).

Vitamin B12

No significant correlation was observed between serum B12
levels and lung cancer in the overall population [SMD —0.09,
95% CI (—0.27, 0.09), p = 0.202] (Figure 2). Subgroup analysis
showed no correlation in the Europe [SMD 0.04, 95% CI (—0.04,
0.12), p = 0.304] nor Asia [SMD —0.23, 95% CI (—0.46, 0.01),
p = 0.055]. We did not observe association by method or
smoking status (Table 3).

Homocysteine (Hcy)

Serum Hcy level of LC patients was higher than the controls in
the overall population [SMD 0.41, 95% CI (0.24, 0.58), p = 0.001]
(Figure 2). Further analysis by region showed that serum Hcy
was significantly different between LC patients and the controls
in both Europe [SMD 0.16, 95% CI (0.09, 0.24), p = 0.001]
and Asia [SMD 0.45, 95% CI (0.32, 0.59), p = 0.001]. By
method, serum Hcy was higher in patients than controls by using
CLIA/RIA [SMD 0.58, 95%CI (0.32, 0.84), p = 0.001] and HPLC
[SMD 0.34, 95%CI (0.15, 0.52), p = 0.001] method. No significant
association was observed by smoking status (Table 3).

Methionine

No significant association between serum methionine levels
and the risk of lung cancer was observed in the overall
population [SMD —0.13, 95% CI (—0.36, 0.10), p = 0.001]
(Figure 2). Further subgroup analysis by region showed that

serum methionine was significantly different between LC patients
and the controls in Europe [SMD —0.25, 95%CI (—0.33, —0.17),
p = 0.027], but not in Asia [SMD —0.01, 95%CI (—0.07, 0.06),
p = 0.853] nor the US [SMD —0.03, 95%CI (—0.08, 0.03),
p = 0.395]. No association was observed by subgroup analysis
according to gender or smoking status (Table 3).

Heterogeneity and Sensitivity Analysis
Heterogeneity analysis showed significant heterogeneity in folate
(I? 89.4%, Ppe 0.061), B6 (I 95.0%, Pper 0.039), B12 (I 32.8%,
Pher 0.015), Hey (I 61.9%, Pye 0.030) and methionine (I?
96.1%, Pj; 0.026; Figure 2). We therefore performed a sensitivity
analysis to identify the source of the heterogeneity (Figures S1-
S5). The results showed that the main clinical feature of the
three studies (27-29) with markedly deviated 95%CI were region,
thus we firstly performed a subgroup analysis according to
region. Meanwhile, considering that other clinical features could
influence outcome, we also performed subgroup analyses based
on the strata of method, gender and smoking status. Our results
indicated that region was the primary heterogeneity originator
in folate, vitamin B6, vitamin B12 and Hcy, as well as method
in vitamin B12, gender in folate and smoking status in folate
(Table 3).

Publication Bias

We assessed publication bias on the articles of serum folate
and LC risk by funnel plot and Egger test (Figure 3), which
suggested potential publication bias (Egger’s test p = 0.038).
Then the trim-and-fill analysis was used to estimate the effect
of publication bias. It was found that the results from random
and fixed effects models were consistent with the original results
(Table S2), indicating that there was no effect of these bias on the
results, and this meta-analysis was reliable.

DISCUSSION

Among the factors associated with one-carbon metabolism,
serum folate and vitamin B6 were found to be protective against
lung cancer. Hey was a risk factor for lung cancer. No significant
correlation between B12 or methionine and the LC risk was
observed.

Association Between Serum OCM-Related
Factors and LC Risk

Folate acts as the core methyl donor in one-carbon metabolism,
our results proved serum folate was a potential protective
factor against lung carcinogenesis which was consistent with the
results of other types of cancers, such as colorectal cancer (39),
prostate cancer (40), and esophageal cancer (41). However, unlike
a previous meta-analysis (15), our study showed statistically
significant association between serum folate and the LC risk.
This discrepancy may be explained by Dai study (15) included
a cohort study (n = 15) (42) with insufficient cases and 4 case-
control studies with inconsistent baseline. Although cohort study
provided better evidence of causation than case-control study,
the strength may be greatly reduced when the sample size is <30
with a high loss of follow-up rate.
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In addition to folate, we comprehensively analyzed the
association between other important factors involved in the
OCM and LC risk (5, 7). For vitamin B6, we considered it as
a protective factor for lung carcinogenesis and similar results
were discovered in gastrointestinal cancer (43), pancreatic cancer
(44), and breast cancer (45). However, a prospective cohort study
(HUSK) did not find any association between serum vitamin B6
and lung cancer risk (46). We speculated that the inconsistency
of these results may due to the detection of different activated
forms of vitamin B6 in blood. The HUSK used 4-pyridoxic
acid/pyridoxal ratio (PAr) as a new form instead of classical
pyridoxal 5’-phosphate (PLP), which may be instable and has low
sensitivity to detect a significant difference.

In terms of Hcy, which acts as an essential intermediate in
methionine metabolic cycle. Our findings suggest that serum Hcy
could contribute to lung cancer and similar results were reported
in all types of cancer in a previous meta-analysis (47). However,
some studies did not observe the significant association (22, 26),
which may be explained by these studies restricted to the older
smoking men whose physical decline (or the accumulation of
unhealthy habits) belying the role of Hcy.

Regarding vitamin B12 and methionine, we did not find an
associated with LC risk. For vitamin B12, some studies argued
it was associated with higher mortality of LC cases (36, 48). It
is possible that vitamin B12 plays different roles in pathogenesis
and prognosis. As to methionine, our findings were consistent
with the LC3 study (17), but the subgroup analysis (only from the
EPCI study) (26) showed that serum methionine were inversely
associated with LC risk, which draws speculation that methionine
protects Europeans from LC rather than other populations.

Particularly, subgroup analysis results showed that the
significant association between folate, vitamin B6, Hcy and LC
risk was detected in Asia and Europe, but not in the US. The
null result may due to only a small number of studies from
the US were included (17, 26). Thus, further researches from
more regions would be needed. Moreover, it was speculated that
the mediating effects of OCM factors of LC would change in
different regions (13, 49). Secondly, folate and vitamin B6 were
found protective in ever smokers (former and current smokers)
but not significant in never smokers, which might be related
to the nitrites in tobacco that could obstruct the function of B
vitamins or decrease its blood values (23, 27, 50, 51). Thirdly, the
significant association of folate and vitamin B6 with LC was in
males indicates the function of regulating androgen signaling by
the key enzymes of one-carbon metabolism (9, 14). Lastly, after
subgroup analysis by different detecting methods, we found no
difference of the association.

Strengths and Limitations

This is the first comprehensive and systematic evaluation of
the relationship between serum folate, vitamin B6, vitamin B12,
homocysteine, and methionine (OCM-related factors) and the
LC risk. Previous meta-analyses focused only on the association
of one or two OCM factors with LC or all types of cancer
risk. Moreover, we investigated blood values instead of intake
level, which can better reflect the association after the factors
absorbed and metabolized in the body. In addition, this study
included more than 8,000 lung cancer patients who participated

Funnel plot with pseudo 95% confidence limits

se (SMD)
~N
7
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FIGURE 3 | Funnel plot for assessing publication bias for serum folate and
lung cancer risk.

in very recent studies and analyzed by different subgroups, which
reduced selection bias and corrected some errors in previous
meta-analysis (15).

There were some limitations as well. First, although most
of the original studies adjusted for variables, such as BMI,
education, alcohol intake, tobacco exposure, and sex and we
assessed potential sources of heterogeneity (region, gender,
smoking status and method) through sensitivity analysis and
subgroup analyses, we cannot completely rule out possible effects
of unknown factors, such as pathology and clinical stages.
Second, some epidemiological studies have shown that OCM
related factors are potentially interrelated (30, 37), so we are
expected to further analyze the synergistic effects of two or more
factors or the dose-response on LC risk based on more data. Due
to the lack of available cohort studies and RCT studies, we only
included case-control studies and nested case-control studies.
Eleven case-control studies might provide less certain evidence of
causation, but there were three nested case-control studies with
large sample size which provided more reliable evidence. The
included studies were well-suited for meta-analysis as indicated
by quality assessment, especially eight were high-scoring studies.

CONCLUSIONS

This study showed that among OCM-related factors, serum folate
and vitamin B6 could function as protective factors against lung
carcinogenesis but that serum homocysteine could contribute to
lung cancer risk. No significant association was observed between
vitamin B12 or methionine and LC risk. Our findings were
significant in Europe and Asia, former and current smokers, and
males. Further research is needed to validate these results in other
populations.
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