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The effect of folate intake
 on ovarian cancer risk
A meta-analysis of observational studies
Kena Wang, MDa,b, Qinwei Zhang, BSc, Jianhua Yang, PhDa,∗

Abstract
Background: Previous publications studied the correction about folate intake and ovarian cancer risk, with inconsistent results.
This meta-analysis aimed to explore the association between folate intake and ovarian cancer risk using the existing published
articles.

Method:We searched for relevant studies in electronic databases of PubMed, Web of Science, Embase, Cochrane, and Wanfang
databases from inception to May 31, 2020. The overall relative risk (RR) and its 95% confidence intervals (95% CI) were pooled using
a random-effect model.

Results: A total of 12 articles with 6304 ovarian cancer cases were suitable for the inclusion criteria. The evaluated of the ovarian
cancer risk with total folate intake and dietary folate intake were reported in 6 articles and 10 articles, respectively. Overall, highest
category of dietary folate intake compared with lowest category had nonsignificant association on the risk of ovarian cancer (RR=
0.90, 95% CI=0.77–1.06). The association was not significant between total folate intake and ovarian cancer risk (RR=1.06, 95%
CI=0.89–1.27). The results in subgroup analyses by study design and geographic location were not changed either in dietary folate
intake analysis or in total folate intake analysis.

Conclusion:Our meta-analysis demonstrates that folate intake had no significant association on the risk of ovarian cancer. Study
design and geographic location were not associated with ovarian cancer while some other related factors were not investigated due
to the limited information provided in each included study. Therefore, further studies are needed to verify our results.

Abbreviations: CI = confidence intervals, NOS = Newcastle-Ottawa-Scale, RR = relative risk.
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1. Introduction diagnosed ovarian cancer cases, and the 5th leading cause of
Based on American cancer statistics in 2019, ovarian cancer is the
11th most common cancer, with approximately 22,530 newly
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cancer-related death, with estimated 13,980 ovarian cancer
deaths.[1] Ovarian cancer is a diverse and genomic complex
disease, which has attracted worldwide attention.[2] Previous
meta-analyses had confirmed that ovarian cancer was related to
genetic factors,[3,4] as well as dietary factors.[5–7] Back in 1999,
Kushi et al [8] performed a study about total folate intake on
ovarian cancer risk. They concluded that highest category versus
lowest category of total folate intake had an increase but
nonsignificant relationship on ovarian cancer risk. Since then,
many relevant publications assessed the association between
folate intake and ovarian cancer risk. Zhang et al[9] found an
inverse association between dietary folate intake and ovarian
cancer risk, while some researchers failed to obtain a significant
relationship between them.[10,11] The results of already published
studies between folate intake and ovarian cancer risk were
inconsistent. Therefore, this meta-analysis aimed to investigate
the effect of folate intake on ovarian cancer risk by combining all
the studies that met our inclusion criteria.
2. Methods

This study was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Statement.[12]

2.1. Search strategy

Two independent authors searched PubMed, Web of Science,
Embase, Cochrane, and Wanfang databases from inception to
May 31, 2020 for all related papers. The search terms were as
follows: “folate” OR “folic acid” combined with “ovarian
cancer” OR “ovarian tumor.” Wherever possible, we searched
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Figure 1. Flow chart of meta-analysis for exclusion/inclusion of studies.
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for references to relevant articles to identify potential information
that had not already been retrieved. This study did not require
approval by an ethics review committee because it is a meta-
analysis. The discrepancies in the search process by the 2
independent authors were discussed by a third author.
2.2. Inclusion criteria

The relevant papers about the effect of folate on the risk of
ovarian cancer were included if they meet the following criteria:
Patients: all the patients should be diagnosed as ovarian cancer
with order than 18 years; Study design: case-control, cross-
sectional, or cohort studies; Interested and outcomes: the studies
should relationship of folate intake on the risk of ovarian cancer;
Data: the study should provide the available data of relative risk
(RR) and 95% confidence intervals (CI).
2

2.3. Exclusion criteria

The following exclusion criteria were used: Animal studies;
Literature reviews, or Case reports; Duplicate publication; No
available data about RR and 95% CI.
2.4. Data extraction

Two investigators independently reviewed the whole content of
each eligible literature, including supplements, and extracted the
data using a data extraction sheet. The following contents was
included in the extraction sheet: first author; year of publication;
study design; age of patients; country; total folate intake or
dietary folate intake; number of patients and participants
enrolled; category of highest compared with lowest; RR and
their 95% CI; and other necessary information. The discrep-
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ancies in the data abstracted by the 2 independent authors were
discussed by a third author.
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2.5. Quality assessment

The Newcastle-Ottawa-Scale (NOS) was used for evaluating the
quality of each study.[13] Two authors independently rated for
each included study. Any discrepancies in ratings were reconciled
by the third rater.
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2.6. Statistical analysis

The data of the analysiswere extracted from the selected literature,
and all meta-analysis were performed using ReviewManager 5.0.
Statistical heterogeneity was analyzed using Cochran Q test and
inconsistency (I2) statistics;P< .10 or I2>50% indicate significant
heterogeneity.[14,15] TheoverallRRand95%CIwerepooledusing
the random-effectmodel.[16] In addition, to assess publication bias,
visual observations using the funnel plot[17] and the Egger test.[18]

Sensitivity analysis was used to explore whether 1 single study had
the essential effect on the overall RR. For all analyses, P< .05 was
referring to indicate statistical significance. The power of each
component study was estimated using the effect size of the largest
study in ameta-analysis and the power calculationwas basedonan
algorithm using a noncentral t distribution.

3. Results

3.1. Literature search and study characteristics

A total of 3421 recordswere identified from all searched databases
and 1 additional recordwas identified in the references of a review.
There were 1652 articles that were retained after excluding
duplicates in different databases. After assessing the titles and
abstracts, 51 articles were reviewed in full-text. Furthermore, 39
articles were excluded for the following reasons: reviews; no
available odds ratio or RR; animal studies; letter to the editors.
Finally, 12 articles were included in the final analysis.[8–11,19–26]

The flowchart of the trial selection process is shown in Figure 1. Six
articles come fromUnited States, 1 fromSweden, 1 fromCanada, 1
from Italy, 1 fromMexico, 1 fromAustralia, and 1 fromChina. Six
articleswerewith cohort design and 6with case-control design. All
of the 8 studies had relatively high quality (over 6 stars), with an
average NOS score of 7.42. The characteristics of all included
studies were summarized in Table 1.

3.2. Dietary folate intake and ovarian cancer risk

Ten studies[9–11,20–26] comprising 5885 cases were carried out to
assess the association between dietary folate intake and ovarian
cancer risk. After pooling the data, it showed that highest
category of dietary folate intake compared with lowest category
had nonsignificant association on the risk of ovarian cancer
(RR=0.90, 95% CI=0.77–1.06, I2=38.8%, Pfor heterogeneity

= .099) (Fig. 2). The power value of the study was 0.83.
The subgroup analysis by study design was performed. The

result was not significant either in cohort studies (4 studies; RR=
0.84, 95% CI=0.62–1.15, I2=40.0%, Pfor heterogeneity= .172) or
in case-control studies (6 studies; RR=0.93, 95% CI=0.77–
1.13, I2=44.3%, Pfor heterogeneity= .110). Six studies were from
North America, and the association between dietary folate intake
and ovarian cancer risk was not significant (RR=0.97, 95%CI=
0.76–1.22, I2=40.5%, Pfor heterogeneity= .135). Two studies were
3
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Figure 2. The forest plot about dietary folate intake and total folate intake on ovarian cancer risk.

Figure 3. Funnel plot for the analysis of publication bias between dietary folate intake and ovarian cancer risk.
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from Europe, and the result was not changed (RR=0.82, 95%
CI=0.57–1.19, I2=38.6%, Pfor heterogeneity= .202).
The results by funnel plot (Fig. 3) and Egger test (t=0.05,P= .963)

showed no statistical evidence of publication bias was found.
Sensitivity analysis indicated that no singly study had essential

effect on the overall results.
3.3. Total folate intake and ovarian cancer risk

Six studies[8,10,11,19,25,26] involving 4320 cases assessed the
association about total folate intake on the risk of ovarian cancer.
Overall, the association was not significant between total folate
intake and ovarian cancer risk (RR=1.06, 95% CI=0.89–1.27,
I2=42.8%, Pfor heterogeneity= .120) (Fig. 2).
Hierarchical analysis by study design was performed, and the

result was not significant either in cohort studies (4 studies; RR=
1.21, 95% CI=0.89–1.65, I2=40.8%, Pfor heterogeneity= .167) or
in case-control studies (2 studies; RR=0.96, 95% CI=0.83–
1.12, I2=11.4%, Pfor heterogeneity= .288). Five of the included
studies reported in North America, and the summary RR on the
risk of ovarian cancer was 1.10 (95% CI=0.86–1.41, I2=
53.7%, Pfor heterogeneity= .071).
Publication bias was not found while evaluated by Egger test

(t=1.75, P= .155). Sensitivity analysis showed no singly study
had essential effect on the overall results.
4. Discussion

Findings from the current meta-analysis using 12 articles
suggested that highest category of dietary folate intake compared
with lowest category had nonsignificant association on the risk of
ovarian cancer. The association was not significant between total
folate intake and ovarian cancer risk. Results in subgroup
analyses by study design and geographic location were not
changed in either dietary folate intake or total folate intake. No
publication bias was found in all the analyses.
Folic acid is a water-soluble vitamin that existed naturally in

green leafy vegetables, cereals, beans, and fruits.[27,28] It plays an
important role in DNA synthesis, integrity, and stability. In
addition, folic acid plays a central role in DNAmethylation.[27,28]

There were 2 potential mechanisms that folic acid deficiency
could cause ovarian cancer. First, it can induce the incorporation
of uracil into DNA, thereby disrupting DNA integrity and DNA
repair. Second, it can alter key tumor suppressor genes and proto-
oncogenes expression through altering DNA methylation.[29,30]

As shown in Figure 2, dietary folate intake had a marginal
inverse association on ovarian cancer risk, but, total folate intake
had an increased but nonsignificant relationship on ovarian
cancer risk. In our meta-analysis, total folate intake was defined
as dietary folate intake plus supplementary folate intake.
Therefore, the amount of total folate intake was more than that
in dietary folate intake. The categories of folate intake showed in
Table 1 indicated that almost all the highest amount of total
folate was more than 500mg/d while the highest amount of
dietary folate intake was between 300 to 400mg/d. Thus, further
studies with supplementary folate intake on ovarian cancer risk
were required to assess whether supplementary folate intake was
associated with ovarian cancer risk.
A number of manuscripts already include multiple micro-

nutrients in addition to folate intake. There are 3 studies (Harris
et al in 2012, Webb et al in 2011, Tworoger et al in 2006) carried
out to assess the association between vitamin B6 and ovarian
5

cancer risk. Meanwhile, 3 studies (Harris et al in 2012, Salazar-
Martinez et al in 2002, Webb et al in 2011) were carried out to
assess the association between vitamin B12 and ovarian cancer
risk. However, the association was not significant either in
vitamin B6 intake (RR=0.95, 95% CI=0.72–1.24) or vitamin
B12 intake (RR=0.93, 95% CI=0.73–1.19).
Some limitations existed in our analysis. First, we only

performed the subgroup analyses by geographic location and
study design due to the limited data in the every included study.
Second, we could not do the dose–response analysis due to the
limited data in each study, as dose–response relationship needing
detailed cases, participants, and amount in each category of folate
intake. The further related studies about folate intake on ovarian
cancer risk are required to explore the dose–response relationship.
Third, although we performed the subgroup analysis by
geographic location, almost all the studies (8 out of 12) were
from North America, only 2 studies from Europe, 1 study from
Oceania, and 1 study from Asia. Thus, more studies conducted in
some other populations, other than North Americans, are needed
to further assess the association about folate intake on ovarian cancer
risk. Fourth, the quantification of dietary and total folate
micronutrient intake may have been too crude to reflect actual folic
acid status in our meta-analysis. However, we did not perform the
analysis about folate levels on the risk of ovarian cancer due to the
limited studies published. Therefore, more studies about folate levels
on the risk of ovarian cancer were warranted to further explore these
associations. Fifth, examination of only 1 micronutrient may not
reflect the entire picture of folic acid levels and status while folic acid
levels are influenced by many factors. In addition to dietary and
supplemental folate intake, medications, comorbidities (e.g., inflam-
matory conditions), and genetic factors, the carbon metabolism
pathway includes B vitamins, homocysteine, and methyltransferases.
However, the limited information provided in each individual study
was restricted for the further analysis on this section. We only
calculated theoverallRRusing each included studybecause thiswas a
meta-analysis. Therefore, further original studies were required to
explore the related factors on the risk of ovarian cancer.

5. Conclusion

Our meta-analysis demonstrates that folate intake had no
significant association on the risk of ovarian cancer. Study design
and geographic location were not associated with ovarian cancer
while some other related factors were not investigated due to the
limited information provided in each included study. Therefore,
further studies are needed to verify our results.
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