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Abstract

Background: Studies have reported inconsistent results regarding the existence of an association between folate intake and
the risk of lung cancer. The purpose of this study was to summarize the evidence from prospective cohort studies regarding
this relationship by using a dose-response meta-analytic approach.

Methodology and Principal Findings: In September 2013, we performed electronic searches in PubMed, Embase, and the
Cochrane Library to identify studies examining the effect of folate intake on the incidence of lung cancer. Only prospective
cohort studies that reported the effect estimates about the incidence of lung cancer with 95% confidence intervals (Cls) for
more than 2 categories of folate intake were included. Overall, we examined 9 cohort studies reporting the data of 566,921
individuals. High folate intake had little effect on the risk of lung cancer (risk ratio [RR], 0.92; 95% Cl, 0.84-1.01; P=0.076).
Dose-response meta-analysis also suggested that a 100 pg/day increase in folate intake had no significant effect on the risk
of lung cancer (RR, 0.99; 95% Cl, 0.97-1.01; P=0.318). Subgroup analysis suggested that the potential protective effect of
low folate intake (100-299 pg/day) was more evident in women than men, while the opposite was true of high folate intake
(>400 pg/day). Finally, subgroup analyses of a 100 pg/day increment in folate intake indicated that its potential protective
effect was more evident in men than in women.

Conclusion/Significance: Our study revealed that folate intake had little or no effect on the risk of lung cancer. Subgroup
analyses indicated that an increased folate intake was associated with a reduced risk of lung cancer in men. Furthermore,
low folate intake may be a protective factor for women, and high folate intake for men.
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Introduction of lung cancer at a certain dose. However, data on the effect of
folate intake on the subsequent incidence of lung cancer are

Lung cancer is the leading cause of cancer-related deaths limited and inconclusive.

worldwide for both men and women, and approximately 1.5
million new cases are diagnosed each year [1-2]. For the past few
decades, studies have shown that fruits and vegetables are
associated with a lower incidence of lung cancer [3]; therefore,

The results of a previous prospective study indicated that high
folate intake was associated with a lower risk of lung cancer [9],
whereas another study showed that it had limited effects in serum
[10]. It is particularly important to clarify the optimal daily folate
intake, as it has not been definitively determined. In this study, we
performed a dose-response meta-analysis of available prospective
studies to determine the association between folate intake and the
incidence of lung cancer. We also performed a dose-response
meta-analysis to quantify the risk of lung cancer with an
incremental increase in folate intake in the general population.

supplemental vitamins are widely used for chemoprevention of
lung cancer because dietary habits are difficult to change [4].
Furthermore, folate is a precursor of the main coenzyme involved
in the transfer of one-carbon groups essential for DNA synthesis
and methylation; therefore, folate has been hypothesized to be
associated with the risk of cancer [5-6].

Epidemiological studies have suggested that a healthy diet and
lifestyle are critical for the prevention of lung cancer [7-8]. Dietary
intake of fruits and vegetables has been closely related to the risk of
lung cancer. Among the supplemental vitamin subtypes, folate
shows promise for inhibiting carcinogenesis and reducing the risk
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Figure 1. Flow diagram of the literature search and studies selection process.
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Methods

Data Sources, Search Strategy, and Selection Criteria

This review was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Statement issued in 2009 (Checklist S1) [11]. Any
prospective study that examined the relationship between folate
intake and incidence of lung cancer was eligible for inclusion in
our study, and no restrictions were placed on language or
publication status (published, in press, or in progress). We searched
PubMed, Embase, and the Cochrane Library electronic databases
for articles published until September 2013, and used “(“folate”
OR “folic acid”’) AND (“cancer” OR “neoplasm” OR “carcino-
ma”) AND (“cohort” OR “cohort studies” OR “nest case-control
studies”)” as the search terms. We also conducted manual searches
of reference lists from all the relevant original and review articles
to identify additional eligible studies. The medical subject heading,
methods, patient population, design, exposure, and outcome
variables of these articles were used to identify the relevant studies.

The literature search was independently undertaken by 2
authors (YFZ and HFG) with a standardized approach. Any
inconsistencies between these 2 authors were settled by the
primary author (YHZ) until a consensus was reached. The study
was eligible for inclusion if the following criteria were met: (1) the
study had a prospective design (prospective cohort or prospective
nested case-control study); (2) the study investigated the association
between folate intake and the risk of lung cancer; and (3) effect
estimates (risk ratio [RR], hazard ratio [HR], or odds ratio [OR]),
and 95% confidence intervals (CIs) were used to compare high and
low folate intake. We excluded all case-control studies because
various confounding factors could bias the results.
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Data Collection and Quality Assessment

The data collected included the first author or study group’s
name, publication year, country, study design, assessment of folate
exposure, sample size, age at baseline, sex, follow-up duration,
effect estimates and 95% Cls, comparison categories, and
covariates in the fully adjusted model. We also extracted the
numbers of cases/persons or person-years, effect of the different
exposure categories, and 95% CIs. For studies that reported
several multivariable adjusted RRs, we selected the effect estimate
maximally adjusted for potential confounders.

The Newcastle-Ottawa scale (NOS) [12], which is quite
comprehensive and has been partially validated for evaluating
the quality of observational studies in a meta-analysis, was used to
evaluate the methodological quality [13]. The NOS is based on
the following 3 subscales: selection (4 items), comparability (1
item), and outcome (3 items); a “‘star system’ (range, 0-9) is used
for assessment (Table S1). The data extraction and quality
assessment were independently conducted by 2 authors (HFG
and LZ). Information was examined and adjudicated indepen-
dently by an additional author (YHZ) after referring to the original
studies.

Statistical Analysis

We examined the relationship between folate intake and the risk
of lung cancer on the basis of the effect estimates (RR, OR, or HR)
and 95% Cls published in each study. First, we used the random-
effects model [14—-15] to calculate summary RRs and 95% ClIs for
high versus low folate intake. Second, we transformed category-
specific risk estimates into RR estimates associated with an
increase in folate intake of 100 ug/day by using the method of
generalized least squares for trend estimation [16]. These estimates
were calculated by assuming a linear relationship between the
natural logarithm of RR and increasing folate intake. The value
assigned to each folate category was the mid-point for closed
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categories and the median for open categories (assuming a normal
distribution for folate intake). We combined the RRs for each
100 ug/day increase in folate intake by using the results of a
random-effect meta-analysis [14]. Third, we conducted a dose-
response random-effects meta-analysis from the correlated natural
logarithm of RRs or HRs across the folate intake categories [16—
17]. To derive the dose-response curve, we modeled folate by
using restricted cubic splines with 3 knots at fixed percentiles,
10%, 50%, and 90%, of the distribution [16]. This method
requires knowledge about the distribution of cases and persons or
person-years as well as effect estimates (RRs, OR, or HRs) with the
variance estimates for at least 3 quantitative exposure categories.
Fourth, folate intake was also analyzed by considering a study-
specific dose, and the lowest intake category was used as the
reference throughout the analyses. If no participants were
diagnosed with lung cancer in a study’s highest intake category,
the participants in the highest category were included in the
second highest intake category.

Heterogeneity between studies was investigated by using the Q
statistic, and we considered P-values <0.10 indicative of significant
heterogeneity [18—19]. Subgroup analyses were conducted
according to the country, sex, and duration of follow-up. In
addition, we performed a sensitivity analysis by removing each
individual study from the meta-analysis. Several methods were
used to check for potential publication bias. Visual inspections of
funnel plots for incidence of lung cancer were conducted. The
Egger [20] and Begg [21] tests were also used to statistically assess
the publication bias for the incidence of lung cancer. All reported
P-values are 2-sided, and P-values <0.05 were considered
statistically significant for all included studies. Statistical analyses
were performed by using STATA software (version 12.0; Stata
Corporation, College Station, TX, USA).

Results

The results of the study selection process are shown in Figure 1.
We identified 1,173 articles in our initial electronic search; 1,126
duplicate and irrelevant studies were excluded. A total of 47
potentially eligible studies were selected. After a detailed evalua-
tion, 9 prospective studies [9,22-29] were selected for the final
meta-analysis. A manual search of the reference lists of these
studies did not yield any new eligible studies. The general
characteristics of the included studies are presented in Table 1.

The final 9 [9,22-29] were prospective cohort studies compris-
ing a total of 566,921 individuals. Between 41,514 and 89,835
individuals were included in each study, and follow-up periods
were 5.3-16.4 years. Two studies were conducted in the US
[22,24], 2 in Europe [9,26], 3 in Asia [23,28,29], 1 in Australia
[27], and 1 in Canada [25]. The quality of a study was assessed by
using NOS [12] (Table S1), and a score =7 indicated high quality.
Opverall, 6 studies had a score of 9 [22,24-28], 2 had a score of 8
[23,29], and the remaining study had a score of 7 [9].

After pooling these studies, the summary RR showed that a high
folate intake was not associated with the incidence of lung cancer
(RR, 0.92; 95% CI, 0.84-1.01; P=0.076; Figure 2A), and no
evidence of significant heterogeneity was observed (I%=0.0%;
P=0.495). Therefore, sensitivity analyses were also conducted,
and after each study was sequentially excluded from the pooled
analysis, we noted that a high folate intake was associated with a
reduction in the risk of lung cancer when the study by Kabat et al.
was excluded [25] (RR, 0.90; 95% CI, 0.81-0.99; P=0.035;
without evidence of heterogeneity; Figure 2A). This study
specifically included women and had the longest follow-up periods.
However, the conclusion was not affected by the exclusion of any
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A.High versus low folate intake for lung cancer
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Figure 2. Relative risk estimates of lung cancer for high versus low folate intake (A); Dose-response meta-analysis for per 100 ug/

day increment in folate intake for lung cancer (B).
doi:10.1371/journal.pone.0093465.9002

other study. The dose-response meta-analysis findings did not
suggest any association between the risk of lung cancer and a
100 ug/day increase in folate intake (RR, 0.99; 95% CI, 0.97—
1.01; P=0.318; Figure 2B), with moderate heterogeneity across
studies (I = 33.6%; P=0.139).

All studies were included in the dose-response curve to
determine the relationship between folate intake and the incidence

PLOS ONE | www.plosone.org

of lung cancer. As shown by the P-value of nonlinearity
(P=0.721), there was no evidence of a potential nonlinear
relationship (Figure 3). The effect on the risk of lung cancer of
different categories of folate dose intake compared with the lowest
intake category was also evaluated (Table 2). No significant
differences were identified between low (100-299 ug/day), median
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Figure 3. Dose-response relations between folate intake and relative risks of lung cancer.

doi:10.1371/journal.pone.0093465.9003

(300-399 pg/day), and high doses (=400 pg/day), and the lowest
folate intake.

Heterogeneity testing for the analysis revealed P>0.10 for the
incidence of lung cancer. We concluded that heterogeneity is not
significant in the overall analysis, suggesting that most variation
was attributable to chance alone. Subgroup analyses were
conducted to evaluate the effect of folate on the risk of lung
cancer in a specific population. Overall, subgroup analysis for
folate intake versus the lowest intake indicated that low folate
intake was associated with a reduction in the risk of lung cancer in
women (RR, 0.78; 95% CI, 0.63-0.97; P=0.023; Table 2).
Furthermore, high folate intake was associated with a reduced risk
of lung cancer in men (RR, 0.77; 95% CI, 0.66-0.89; P=0.001;
Table 2), or if the duration of the follow-up period was <10 years

(RR, 0.81; 95% CI, 0.70-0.93; P=0.004; Table 2). Subgroup
analysis revealed that a 100 pg/day increment in folate intake may
be a protective factor in men (RR, 0.95; 95% CI, 0.92-0.98;
P=0.003; Table 3), or if the follow-up duration was <10 years
(RR, 0.96; 95% CI, 0.93-0.98; P=0.003; Table 3). No other
significant differences in the effects of folate intake and the risk of
lung cancer were identified.

A funnel plot review could not rule out the potential for
publication bias for lung cancer (Figure 4). However, the Egger
[20] and Begg test [21] results did not show any evidence of
publication bias, P=0.959 and P = 0.721 for high versus low folate
intake, respectively, and P =0.096 and P=0.210 for a 100 pg/day
increment in folate intake, respectively.

PLOS ONE | www.plosone.org
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Table 2. Subgroup analysis of lung cancer for folate intake versus the lowest intake.
100-299 g per day 300-400 g per day >400 ug per day folate

Subgroup folate intake P value folate intake P value intake P value
Country

us 1.07 (0.83-1.37) 0.597 1.05 (0.81-1.36) 0.712 0.84 (0.71-1.00) 0.051

Europe 0.98 (0.87-1.12) 0.799 0.83 (0.49-1.42) 0.501 0.95 (0.78-1.16) 0.620

Asia 0.90 (0.80-1.01) 0.070 0.95 (0.77-1.17) 0.647 0.97 (0.77-1.23) 0.822

Other 0.85 (0.68-1.07) 0.169 0.88 (0.64-1.21) 0.431 1.11 (0.91-1.35) 0.318
Sex

Men 0.85 (0.69-1.06) 0.144 0.77 (0.53-1.11) 0.160 0.77 (0.66-0.89) 0.001

Women 0.78 (0.63-0.97) 0.023 0.86 (0.66-1.13) 0.274 1.02 (0.85-1.22) 0.835

Both 1.01 (0.96-1.06) 0.742 1.03 (0.96-1.09) 0.425 1.00 (0.88-1.15) 0.954
The duration of the follow-up period (years)

10 or more 0.95 (0.84-1.07) 0.403 0.98 (0.88-1.10) 0.782 1.01 (0.91-1.13) 0.815

Less than 10 0.91 (0.81-1.02) 0.112 0.77 (0.53-1.11) 0.160 0.81 (0.70-0.93) 0.004

Overall 0.99 (0.94-1.04) 0.618 0.95 (0.84-1.07) 0.387 0.93 (0.84-1.02) 0.126
doi:10.1371/journal.pone.0093465.t002
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Table 3. Subgroup analysis for per 100 ug/day increment in folate intake for lung cancer.

Number of included

Subgroup studies RR and 95%ClI P value Heterogeneity (%) P value for heterogeneity
Country
us 2 0.97 (0.93-1.02) 0.244 55.5 0.106
Europe 2 0.98 (0.89-1.07) 0.641 61.2 0.108
Asia 3 0.98 (0.94-1.02) 0.343 0.0 0.877
Other 2 1.01 (0.97-1.06) 0.564 0.0 0.843
Sex
Men 3* 0.95 (0.92-0.98) 0.003 0.0 0.467
Women 3% 1.00 (0.96-1.04) 0.929 0.0 0.895
Both 4 1.01 (0.99-1.02) 0.244 0.0 0.716
The duration of the follow-up period (years)
10 or more 5 1.01 (1.00-1.02) 0.207 0.0 0.967
Less than 10 4 0.96 (0.93-0.98) 0.003 0.0 0.654

* Bandera'’s study reported men and women separately.
doi:10.1371/journal.pone.0093465.t003

Discussion

Previous observational studies of the association between folate
intake and the risk of lung cancer have been inconclusive. Three
case-control studies found a decreased risk of lung cancer with
high folate intake [30-32], and several other case-control studies
[33-35] failed to find a significant association, although the
observed ORs were below unity. Moreover, various confounding
factors in case-control studies could bias the results, and the cut-off
value for optimal folate intake categories differed between studies.
A previous meta-analysis [36] suggested that high folate intake had
no significant benefit or adverse effect on the risk of lung cancer.
However, that study incorporated not only folate but also
supplementation with vitamins A, C, and E to evaluate the
association between supplements and the risk of lung cancer, and
its conclusion may be unreliable since only 2 studies were included
in such subset. In addition, the duration of follow-up was shorter
than that required to show a clinical benefit, especially if event
rates were lower than expected, requiring broad confidence
intervals, i.e., no statistically significant differences. Therefore, we
conducted a dose-response meta-analysis of prospective studies to
determine the optimal folate intake dose.

Our current study was based on prospective studies, and we
explored all possible correlations between folate intake and the risk
of lung cancer. This large quantitative study included 566,921
individuals from 9 prospective cohort studies covering a broad
population range. The findings from our current meta-analysis
suggest that increased folate intake had no effect on the incidence
of lung cancer. A sensitivity analysis suggested that high versus low
folate intake might play a protective effect on the risk of lung
cancer.

Among the 9 studies examined, the majority did not indicate
any association between folate intake and the incidence of lung
cancer, except 1 that reported a conflicting result [22]. Bandera et
al. [22] demonstrated that there was a significant trend for
increased folate intake to be associated with a lower risk of lung
cancer in men (P=0.0002), and the multivariate RR for the
participants with tertile 3 folate intake was 0.70 (95% CI, 0.55—
0.89) when compared to those with tertile 1 folate intake. The
pooled results of our meta-analysis were consistent with most of
the studies analyzed, and no evidence of an association between
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folate intake and the risk of lung cancer was noted; however, a
sensitivity analysis indicated that high folate intake was associated
with a reduced risk of lung cancer. Moreover, we discovered that
all the pooled RR estimate points were less than 1.00 and had a
potential trend to move to the left. Our dose-response curve
revealed nonsignificant nonlinear relationships between folate
intake and the risk of lung cancer. Therefore, we suggest that there
might be a potential protective effect of high folate intake on the
incidence of lung cancer; however, this protective effect may not
be clinically significant and should be validated by performing
further studies.

Subgroup analyses indicated that the protective effect of low
folate intake was more evident in women than in men; conversely,
the effect of high folate intake on lung cancer was more beneficial
in men than in women. Furthermore, we also noted that a
100 pg/day increment in folate intake was associated with a
reduced risk of lung cancer in men. One possible explanation for
this could be higher smoking rates among men than among
women. Consequently, the protective effect of folate on the risk of
lung cancer may be negated by smoking among men, as it was
noted that the proportion of current smokers was highest in the
lowest folate intake category. Finally, it is possible that insufficient
adjustment was made for smoking in several studies. In never-
smokers, Bandera et al. [22] found a significant inverse association
between folate intake and the risk of lung cancer in men, but not in
women. Therefore, low folate intake might have a protective effect
in women, while a high folate intake is required in men.
Furthermore, we observed that the protective effect of increased
folate intake was more evident in studies with follow-up periods of
<10 years when compared to those with longer follow-up periods.
This difference may be due to chance, as fewer studies were
included in this subset resulting in less variation in the conclusions.
Therefore, we generated a relative result and provided a
comprehensive review of the model.

Three strengths of our study should be highlighted. First, only
prospective studies were included, which should eliminate
selection and recall bias. Second, the large sample size allowed
us to quantitatively assess the association of folate intake with the
risk of lung cancer, thus making it more powerful than any
individual study. Third, the dose-response analysis included a wide
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A Funnel plot for high versus low folate intake for lung cancer

Funnel plot with pseudo 95% confidence limits
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Figure 4. Funnel plot for high versus low folate intake for lung cancer (A); Funnel plot for per 100 ug/day increment in folate intake

for lung cancer (B).
doi:10.1371/journal.pone.0093465.g004

range of folate intake, which allowed for accurate assessment of the (2) we could not differentiate effects of folate intake by lung cancer
dose relationship between folate intake and the risk of lung cancer. type, as the data were not available; and (3) the analysis used
Our meta-analysis has several potential limitations: (1) publica- pooled data (individual data were not available), which restricted

tion bias is very possible in the meta-analyses of published studies;
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us from performing a more detailed relevant analysis and
obtaining more comprehensive results.

In conclusion, our study suggested that folate intake might play
an important role in the risk of developing lung cancer.
Furthermore, low folate intake was associated with a reduced risk
of lung cancer in women, and high folate intake provided a
potential protective effect in men. Finally, increased folate intake
may play an important role in the prevention of lung cancer in
men. Future studies should: (1) focus on specific subpopulations to
evaluate strategies for primary prevention of lung cancer, and (2)
ascertain the specific type of lung cancer and analyze the effects
according to the type.
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