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Abstract
Background and Aims: To evaluate the controversies among the studies assessing
the association between folic acid intake or folate status and colorectal cancer
risk. Methods: PubMed, Cochrane library, and references of related articles were
searched from January 2000 to September 2016. Studies on the folic acid intake
or folate status and colorectal cancer or adenoma risk were included. A full-text
review was conducted for potentially eligible studies. A quality assessment was
performed. Random-effects meta-analysis was used to estimate risk ratio and 95%
Confidence Intervals. The analysis was conducted by Comprehensive Meta-Analysis
software. Results: Folic acid supplement intake showed no significant effect on
colorectal cancer risk in the meta-analysis of randomized controlled trials, RR:
1.07, (95% CI: 0.86 to 1.43). The effect on risk was not significant in cohort studies
either; RR= 0.96, (95% CI: 0.76 to 1.21). However, there was a significant reduced
colorectal cancer risk in total folate intake in cohort studies; 00.71 (95% CI: 0.59 to
0.86). Odds Ratio was also significantly reduced in case-control studies; 0.77 (95%
CI: 0.62 to 0.95). Nevertheless, once folate status was measured as Red Blood Cell
folate content, no significant effect on colorectal cancer risk was observed; 1.05
(95% CI: 0.85 to 1.30). Conclusion: The differences in bioavailability and metabolism
of synthetic folic acid and natural dietary folate, as well as variation in the baseline
characteristics of subjects and various methods of folate status assessment, might
be the main reasons for these controversies. Findings of the present study highlight
the importance of individualized folic acid supplement intake, given the fact that
the beneficiary effects of long term folic acid supplementation is not confirmed.
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Introduction
Folic Acid (FA), known as folacin, pteroylglutamic acid, or vitamin B9, is abundant
in green leafy vegetables, legumes, and grains in the form of folate 1 . The preventive
effect of FA supplementation on birth defects led to fortification with FA in over 50
countries 2 . This mandate has resulted in a lower incidence of neural tube defects
and, meanwhile, an increase in serum folate concentration 3 .
Considering the possible dual role of FA in CRC, i.e., protecting normal cells,
meanwhile promoting precancerous cell growth, numerous investigations have
yielded controversial results on the beneficial effect of FA on the incidence of CRC.
Some studies, including Randomized Controlled Trial (RCT) and cohort studies show
beneficial effects of supplementary FA or dietary folate on the primary prevention
of colorectal adenomas 4-8 . In contrast, a large RCT of seven years supplementation
with FA reported the need for further investigation to access the association of FA
with higher risks of advanced adenomas 9 . Findings from this study highlighted the
point that the transient increase in CRC incidence in the United States and Canada
might be due to the implementation of FA fortification 10 . Supporting evidence by
experimental studies shows that synthetic FA, with higher bioavailability compared
to dietary folate, may lead to elevated metabolized plasma FA 11 , which is known
as an inhibitor of natural killer cells cytokine inhibitors 12 .
To date, several meta-analyses have assessed the effect of FA supplementation on
CRC risk. A recent meta-analysis of eight RCTs and another of combined analysis
of three large RCTs did not find a significant effect on the incidence of CRC 13,14 .
However, small sample sizes, differences in applied methodology, and insufficient
follow up time are among the shortcoming of included RCTs. Also, two other metaanalyses of 10 RCTs and six RCTs found no beneficial effect of FA on various types
of cancer risk and chemo-prevention of CRC 1,15 . Our analysis differs from the latter
review studies in the following aspects; 1) being a systematic review, 2) including a
more diverse population with longer follow-up time, 3) conducting stratified analysis
based on FA supplement intake and blood levels/total/dietary folate.
Given the possible methodological insufficiency in so far performed meta-analysis,
we hypothesized that a broader meta-analysis consisting of various related studies
might be required to investigate the effect of FA supplementation and folate status
on CRC risk. Therefore a systematic review and meta-analysis was conducted, not
only including RCTs but also cohort and case-control studies, to study the impact
of FA supplement intake firstly and secondly that of folate status on CRC risk to
building a more consistent conclusion while addressing the root of discrepancies.

Materials and Methods
Study Protocol and search strateg y
This study was performed according to PRISMA-P guidelines (Moher et al., 2009).
PubMed and Cochrane library were systematically searched for studies published
from January 2000 to September 2016 in the English language, which have evaluated
the relation between the intake of FA supplementation or folate status with the
risk of CRC or adenoma (Figure 1).
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MeSH terms for literature extraction from online resources were designed as follows:
(“Colorectal Neoplasms” or “colorectal neoplasm” or “colorectal cancer” or “colorectal
Adenoma”) and (“Folic Acid” or “Folic acid” or “Dietary folate” or “Total folate” or
“red blood cell folate” or “Vitamin B9” or “Folate status”). The reference lists of the
obtained articles were searched to identify any additional relevant articles on
the same topic. The searching process was conducted under the supervision of a
medical librarian (KS).
A total of 1,445 free full-text citations were found. After title and abstract evaluation,
110 studies were retrieved for full-text revision based on eligibility criteria. A total
of 66 studies were excluded based on the below-mentioned eligibility criteria.
Ultimately, 44 studies met the selection criteria (Figure 1).
Study data were extracted using standardized tables. All the mentioned procedures
were conducted by one investigator (SM). The entire procedure was monitored by
a supervisor (SD).

Randomized Controlled Trials
Eligibilit y criteria

Randomized controlled trials were included when the supplementary FA level
was specified. Studies were excluded when doses of FA supplement was lower
than 0.5 mg/d (due to the short period of trials lesser FA does might fail to show
the real effect), there were missing data on CRC or colorectal adenoma risk, lack of
control group and incomplete data of desired covariates. Eventually, 11 RCTs met
the inclusion criteria.

Data extraction
included the most adjusted RR for CRC, sample size, FA supplementation dosage, and
duration of intervention. Detailed study information on intervention and control
groups are summarized in.

Qualit y assessment
Quality assessments for eligible RCTs were performed based on Jadad criteria,
including the following study specific characteristics of randomization, random
numbers generation, reporting of dropouts and withdrawals, and blinded allocation 16 .
When any of these characteristics were presented, a point was given, yielding a
range score of Zero to Five. Six articles were of the highest quality based on quality
assessment 9,17-21 .

Cohort studies
Eligibilit y criteria
Included of studies with over 50 incident colorectal cancer cases; a precise method
for assessing dietary folate status but not need to be the same as others; identification
of incident CRC by using follow up questionnaire 22-28 or subsequent medical
record review 29,30 , linkage with a cancer registry 5,6,30-33 or linkage with a death
registry 7,25-27,31,32 . After full-text evaluation, 14 cohort studies were included.
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Data extraction
Including the most adjusted RR for CRC for dietary/total folate intake, total population,
adjustments for fiber, outcome, adjustments for vitamins, duration of follow up
and quality score.

Qualit y assessment
Eligible studies were scored based on the Newcastle-Ottawa scale. Each feature
in scale was given one point yielding score of zero to nine. Five studies were of
the highest quality 5,6,22,24,32 . All 14 studies were given the complete score in terms
of the matched control group by sex and age and controlling at least three more
covariates in the statistical analysis. Four cohort studies got the highest score in
the exposure section considering independent blind outcome assessment; adequate
follow up period (>10 yrs.) 24,29,31,32

Case-control studies
Eligibilit y criteria
Nested case-control or studies with at least 300 cases; information on FA status
had to be circulating (plasma, serum, or RBC) levels FA 8,22,34-42 or total/dietary folate
intake 36,41-49 and the outcome had to be CRC 22,34-42 or colorectal adenoma 8. Nineteen
studies were included.

Data extraction
The most adjusted OR for CRC, number of cases and controls, adjustments for fiber
and vitamins, and quality score were extracted.

Qualit y assessment
Studies were scored using the Newcastle-Ottawa scale based on eight characteristics.
Fourteen studies were scored seven out of eight. One study lacked information on
adequate case definition 46 , and four studies lost one point due to selecting noncommunity-based controls 39,41,44,49 .

Data analyses
Pooling based on folic acid supplement intake
The risk for FA supplement intake and CRC or adenoma was extracted from RCTs
and cohort studies.
For pooling overall, the RR for CRC or adenoma was extracted from eligible RCTs,
and the most adjusted RR for CRC was extracted from cohort studies. An overall
RR was computed separately for CRC and adenoma in RCTs and for CRC in cohort
studies (Figure2).
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Pooling based on folate status
The most adjusted risk for highest levels of dietary or total folate intake for CRC
was extracted from eligible cohort studies and the most adjusted risk for total
folate or RBC or plasma folate was extracted from case-control studies (Figure3) .
The predictive interval of the mean effect of Supplementation with FA and folate
status was calculated using incorporated modules of meta-analysis tools (see https://
www.meta analysis.com/pages/prediction.php). Overall risk was computed separately
for each subgroup of folate status in cohort and case-control studies. Cochran`s
Q statistic-value, I 2 Index were used to test homogeneity assumptions across the
studies. Random-effects models were used to compute the overall RR of CRC for
each group of studies due to significant heterogeneity among studies 50 .
Publication Bias among studies was assessed using the Egger test. Analyses were
conducted by Comprehensive Meta-Analysis software, version 2.2 (Biostat, Englewood,
New Jersey).

Results
Folic acid supplement intake and CRC risk
Thirteen studies were included in the final analysis, consisting of 35,761 subjects in
RCTs and 1,926,520 in cohort studies (Table 1). There was a significant publication
bias in FA supplement subgroup, Egger bias: 1.67 (95% CI: 0.05 to 2.66, P=0.01). No
significant heterogeneity was observed in eligible cohort studies, I 2= 0.00 (Q: 0.25,
P het= 0.88). There was a significant heterogeneity among RCTs, I 2= 68.92 (Q: 25.84,
P het= 0.001). Studies with the most extreme findings from the overall finding were
detected 9,51,52 using forest plot (Figure 2). Sensitivity analysis was done; there was
no significant change in overall results. However, the publication bias became nunsignificant after running sensitivity analysis for the study causing asymmetry in
funnel plot 4 (Figure 4) .
Overall, we observed supplementary FA had no significant adverse effect on the
risk of CRC in RCTs with a pooled risk of RR: 1.07 (95% CI: 0.86 to 1.43). The effect
remained non-significant once the mean effect and the Prediction Interval (PI)
was estimated; 1.00 (95% PI: 0.69 to 1.45) Cohort studies showed a pooled risk of
0.96, (95% CI: 0.76 to 1.21), with the mean effect of 0.96 (95% PI: 0.23 to 3.86). There
also was no significant effect on adenoma risk in RCTs; 1.00 (95% CI: 0.86 to 1.51).

Folate status and CRC risk
Twenty two studies were included in the final analysis, consisting of 2,520,112
subjects in cohort and 12,042 in case-control studies (Table 1). No significant bias
was detected in the folate status subgroup, Egger bias: 1.60 (95% CI: 0.57 to1.77,
P=0.30). There was significant heterogeneity among cohort studies, I2= 51.16 (Q: 31.07,
P het= 0.00). Also, in case-control studies a significant heterogeneity was detected,
I 2= 58.90 (Q: 48.65, P het= 0.00). The random effect was used for calculating overall
risks in both cohort and case-control studies.
Two studies 8,42 with most extreme findings from overall risks were detected using
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Records identified through PubMed ,
Cochrane searching
(n = 1445)

Records after restricting citation to
yr 2000-2016 (n = 1280)
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Screening
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forest and funnel plots (Figure5). There were no significant changes in overall
results after running sensitivity analysis, though the symmetry in the funnel plot
was enhanced.
The risk of CRC and total folate intake showed a significant inverse association
among eligible cohort studies; 0.71 (95% CI: 0.59 to 0.86). The mean effect was 0.96
(%95 PI: 0.23 to 3.86). Also, in case -control studies, there was a significant inverse
association; 0.77 (95% CI: 0.62 to 0.95, Figure 3), the mean effect was 0.75 (%95 PI:
0.52 to 1.04). There was no significant association between overall risk and RBC
and plasma folate levels; 1.05 (95% CI: 0.85 to 1.30).
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Figure 1. Flow Diagram of study selection process
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Table 1. General characteristics of included studies in the systematic review and meta-analysis of
studies assessing the effect of folic acid and folate on risk of colorectal cancer or advance adenoma

Continued

Table 1. continue
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Table 1. Continue
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Rate ratio and 95%CI

Group by
Outcome

Study name

Subgroup within study

Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
CRC
CRC
CRC
CRC
CRC
CRC1
CRC1
CRC1
CRC1

Gao 2013
Song 2012
Wu 1 2009
Wu 2 2009
Figueirdedo 1 2008
Figueirdedo 2 2008
Logan 1 2008
Logan 2 2008
Cole 1 2007
Cole 2 2007

RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT

Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma
Adenoma

17.62
15.18
10.59
3.39
9.50
2.57
13.14
8.26
14.72
5.04

Zhang 2008
Lonn 2006
Hankey 2012
Armitage 2010

RCT
RCT
RCT
RCT

CRC
CRC
CRC
CRC

12.23
27.67
16.46
43.64

Zaschabits 2013
Gibson1 2011
Lee1 2011

Cohort
Cohort
Cohort

CRC1
CRC1
CRC1

27.15
23.45
49.40

Relative
weight

0.1
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1

2

5
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weight

10

Figure 2. Forest plot of RTCs and cohort studies reporting the RR for FA supplement intake treatment
with respect to risk of CRC or advanced adenoma. Weights are from random effects analysis. The
square dots presents the risk reported by each study. The diamond presents overall risk for each
subgroup.
Abbreviations: CRC, colorectal cancer ; FA, folic acid; RR, relative risk; RTCs: randomized control
trials.

Figure 3. Forest plot of cohort and case control studies reporting the RR for folate status (Dietary folate/total
folate/RBC folate) with respect to CRC. Weights are from random effects analysis. The square dots presents the
risk reported by each study. The diamond presents overal risk for each subgroup.
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Group by
Comparison

Study name

Comparison

Dietary

Lee

Dietary

Dietary

Stevens

Dietary

Dietary

Zhang

Dietary
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Dietary

Gibson

Dietary

Dietary

Su

Dietary

Dietary

Bassett

Dietary

RBC folate

Bird 1

RBC folate

RBC folate

Bird 2

RBC folate

RBC folate

Kato

RBC folate

RBC folate

Takata

RBC folate

RBC folate

Otani 1

RBC folate

RBC folate

Neuhouser

RBC folate

RBC folate

Van Guelphen

RBC folate

RBC folate

Gylling

RBC folate

RBC folate

Glynn

RBC folate

RBC folate

Chiang

RBC folate

RBC folate
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RBC folate

Total folate
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Total folate

Total folate

Gibson 1

Total folate

Total folate

Gibson 2

Total folate

Total folate

Martinez

Total folate

Total folate

Koning 1

Total folate

Total folate

Koning 2

Total folate

Total folate

Koning 3

Total folate

Total folate

Koning 4

Total folate

Total folate

Schernhammer 1 Total folate

Total folate

Schernhammer 2 Total folate

Total folate

Vogel

Total folate

Total folate

Nishihara

Total folate

Total folate

Lochhead

Total folate

Total folate1

kim 1

Total folate1

Total folate1

kim 2

Total folate1

Total folate1

Kim 3

Total folate1

Total folate1

Weinstein 1

Total folate1

Total folate1

Weinstein 2

Total folate1

Total folate1

Weinstein 3

Total folate1

Total folate1

Glynn 1

Total folate1
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Glynn 2

Total folate1
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Huang

Total folate1

Rate ratio and 95% CI
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Figure 3. Forest plot of cohort and case control studies reporting the RR for folate status (Dietary
folate/total folate/RBC folate) with respect to risk of CRC.Weights are from the random-effects analysis. The square dots present the risk reported by each study. The diamond presents the overall risk
for each subgroup.
Abbreviations: CRC, colorectal cancer ; FA, folic acid; RBC, red blood cells; RR, relative risk; RTCs:
randomized control trials.
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risk. Bias indicators; Begg-Mazumdar: Kendall's tau = 0.31 P = 0.10, Egger: bias = 1.67 (95% CI = 0.26
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Fig 5. Begg’s funnel plot for eligible cohort and case control studies assessing folate status and CRC
risk. Bias indicators; Begg-Mazumdar: Kendall's tau = 0.44 P = 0.67, Egger: bias = 0.42 (95% CI = Moazzen23
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to 1.40).

Discussion
Moazzen23
We assessed the role of FA supplement intake and folate status in the risk of CRC or
adenoma in a meta-analysis of RCTs, cohort, and case-control studies. The bioavailability
and metabolism of synthetic FA and natural dietary folate are different 11 ; therefore,
a broader meta-analysis was conducted with separate FA and folate subgroups in the
analysis. To best of our knowledge, it is for the first time that a systematic review
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and meta-analysis, including all types of controlled studies, was conducted to point
the root of discrepancies. Total folate intake was associated with a reduced risk of
CRC in cohort and case-control studies. At the same time, there was no significant
association between CRC or adenoma risk and supplementary FA subgroup neither
in RCTs and cohort studies nor in RBC folate in case-control studies.

Folic acid supplement intake and CRC
No significant effect was observed on the overall risk of CRC or adenoma in
the preliminary analysis of four RCTs reporting the risk for CRC 17,18,21,52 and six
RCTs 4,9,19,20,51,53 reporting the risk for adenoma. Among the eligible RCTs, only
Gao et al. reported a significant reduction in the risk of advanced adenoma after
supplementation with FA for three years. The subjects of this study were confirmed
to be free from any adenoma by colonoscopy before the intervention, and they also
have a lower baseline folate level, taking the mentioned factors in to account the
beneficial effects of FA supplement intake may not be generalizable. Our overall
findings were in agreement with the recent meta-analyses by Qin et al. and Carroll
et al. 14,15, where no effect of FA supplementation were found on the risk of CRC
by combining eight and six preceding RCTs. Likewise, Figueiredo et al. found no
effect of FA supplement on CRA in a combined analysis of three RCT with a mean
3.5 years of follow up 13. An example of controversies with the findings of Gao
et al. study 4 is a report of 67% increase in the risk of advanced adenoma by FA
supplementation by Cole et al. 9
during only 35 months period of intervention and with a lesser dose of FA (1 mg/d).
However, in the study of Cole et al. 9 , the history of adenoma in subjects and
randomizing the intervention group to receive aspirin might have influenced the
exact effect of FA supplementation on adenoma re-occurrence. Therefore, in such
reports as Cole et al., a careful assessment of modifying controlled factors is essential.
Another example is the intervention group by Song et al. 53 , who took vitamin B6 and
B12 along with FA supplementation. There is a possible chance that the undesirable
effect of FA supplementation might have been attenuated by vitamins intake. The
mean duration of follow up in eligible RCTs in this meta-analysis is 5.4 years, while
CRC sequence would possibly take an as long time as ten years 5 . While a short
follow-up period of RCT may raise some concerns about the observed associations,
Song et al. 53, in the intervention of 110 months, reported a similar result. While the
collective evidence supports no association, few individual studies report interesting
findings. Therefore, the observed non-significant effect on the overall risk of CRC
or advanced adenoma by FA supplementation seems to be underestimated due to
underpowered studies and short follow-up periods. Furthermore, the overall risk
in three cohort studies 5,7,29 reporting FA supplement intake also remained nonsignificant. The precision of the used method for assessing FA intake in cohort
studies could be approved since the latter results are in agreement with that of
eligible RCTs. In summary, there was no significant association in the risk of CRC or
adenoma in the supplementary FA subgroup neither in RCTs nor in cohort studies
and their combined analyses.
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Folate status and CRC
There was a signiﬁcant lower risk of CRC in total folate intake in both subgroups of
cohort and case-control studies. Our findings are in line with the findings of Kim
et al. pooled-analysis 56, likely due to similarities in applied methods by eligible
studies. However, another meta-analysis showed a null effect of total folate on
CRC 57, which used data from only three studies being only one study, reported risk
for both genders. In the present meta-analysis, a more reliable conclusion is offered
due to using data from a larger pool of 10 cohorts and 12 case-control studies to
estimate the overall risk.
The risk of CRC showed no significant reduction in the category of dietary folate
intake in cohort studies. This finding is in agreement with that of Kim et al. 56 . In
prospective studies, it is not possible to elucidate the true effect of dietary folate
on CRC. In driving such a conclusion, one may consider other healthy behaviors
such as other dietary factors, lifestyle, and increased level of precancerous lesions
screenings, which are naturally more improved in individuals with higher total
folate intake. The influence of MTHFR C677T genotype on the effect of total folate
on CRC might also be a factor in discrepancies, given the effect of total folate on
CRC differs from 60% to 38% reduced risk in TT homozygote compared to CC/CT
41. Considering the observed different effect of total and dietary folate on CRC risk,
a precise unified method of folate status assessment in cohort and case-control
studies are needed.
Our study revealed no association of the RBC folate level with CRC. Other found a
similar result 57 . Given eight eligible case-control studies were nested within large
cohort studies (except for one study 8), the reliability of results is likely to be near
to cohort studies. None significant association of RBC folate status with CRC risk in
the present analyses may reveal a possible effect of confounding factors masking
the possible true negative effects. However, it is noteworthy that RBC folate might
be affected by other B vitamin status, especially B12 deficiencies 58. We, therefore,
performed a sub-analysis and found a significant increased risk of CRC in studies
reporting plasma folate levels in both genders. Here the study by Lee et al. 22 found
47% increased risk of CRC highest quartile of plasma folate compared to the lowest
quartile nested in three large cohort studies. Van Guelpen et al. also, 34 reported
a significant increased risk of CRC in the highest quintile of plasma folate. One
concern over these studies is the lack of data over the baseline plasma folate levels.
Also, plasma folate is not an indicator of long-term intake of folate compared to
RBC folate 58 . The results of the latter studies highlight the possibility of an adverse
effect of higher folate intake on CRC risk. Findings from the present analysis offer
the possibility of an undesired effect of higher folate status on CRC risk. While
methylation in some groups of genes can benefit cells protection, methylation in
specific genes promotors such as CpG Island is regarded as a trigger to tumorgenesis in normal mucosal colorectal cells. The mentioned mechanism might be an
explanation of the possible adverse effect of FA supplementation in CRC.
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The involved factors in discrepancies among studies
The discrepancies among the results of FA and folate status subgroups might be
partially due to differences in bioavailability and metabolism of synthetic FA and
natural folate. The positive association of higher total folate could also have been
augmented by confounding factors, which are naturally accompanied by higher
folate intake or regularly multivitamin use. Using RBC folate and/or un-metabolized
plasma folate at baseline and after the incidence of CRC in prospective studies may
solve this concern; given RBC folate is an objective index of folate status 58 .
Other factors, such as underlying mechanisms leading to a higher risk of CRC in
various studies population, genetic influences, differences in assessing folate status,
etc. might be responsible for discrepancies.

Study limitations
In the present study, the data have been extracted by one investigator in a supervised
fashion (SM, SD). Although a second reader on data extraction was not available,
our supervised data extraction method yielded almost comparable results and
conclusions as previous studies. Moreover, it was not possible to detect a subgroup
of eligible studies to assess the impact of the fortification period on the risk of CRC.
There also is no consensus over the definition of higher folate status. The other
limitations are shorter follow up time, combination of FA with other vitamins and
aspirin adjunct therapies in most of the eligible studies.

Conclusion
No significant increase in CRC incident overall risk was observed in FA subgroup.
Given the observed discrepancies between studies 4,9,53 , in addition to highlighting
the importance of individualized dose and duration of supplementation with FA,
it is crucial to investigate the exact effect of FA supplementation/fortification on
the incidence of CRC when taking to account possible confounding factor such as
genetic factors of folate metabolism in future studies.
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