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Abstract
Observational data suggest that lower folate status is associated with an increased risk of
colorectal neoplasia, implying that folate may be useful as a chemopreventive agent. We
conducted a combined analysis of three large randomized trials of folic acid supplementation for
the prevention of metachronous adenomas in patients with an adenoma history. Participants
included 2,632 men and women with a history of adenomas randomized to either 0.5 or 1.0 mg/
day of folic acid or placebo, and who had a follow-up endoscopy 6 to 42 months after
randomization (mean=30.6 (standard deviation=8.1) months). We used random-effects meta-
analysis to estimate risk ratios (RR’s) and 95% confidence intervals (CI). The RR comparing folic
acid vs. placebo was 0.98 (95% CI=0.82–1.17) for all adenomas and 1.06 (95% CI=0.81–1.39) for
advanced lesions. Folic acid was associated with a non-significant decreased risk of any adenoma
among subjects in the lowest quartile of baseline plasma folate (≤11 nmol/L) and no effect among
individuals in the highest quartile (>29 nmol/L, p for trend = 0.17). There was a non-significant
trend of decreasing risk of any adenoma associated with folic acid supplements with increasing
alcohol intake. During the early follow-up reported here, more deaths occurred in the placebo
group than in the folic acid group (1.7% vs. 0.5%, p=.002). In conclusion, after up to 3.5 years of
folic acid use, there is no clear decrease or increase in the occurrence of new adenomas in patients
with a history of adenoma.
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Introduction
Observational studies have suggested that lower folate status is associated with a higher risk
of colorectal adenomas and cancer.1–3 However, some epidemiological4–6 and animal
studies7–10 have provided evidence suggesting that folic acid supplementation and high
blood levels of folate may be associated with an increased risk of colorectal cancer. Clinical
trials of supplementation are the best design to clarify the actual effects of folate on risk of
colorectal neoplasia.

Data from five randomized clinical trials of folic acid supplementation for the prevention of
colorectal adenomas among high-risk individuals (with an adenoma history) have been
reported. Two small trials reported at least suggestions of benefit,11, 12 but this was not
observed in two much larger trials, the Aspirin/Folate Polyp Prevention Study (AFPPS) and
the United Kingdom Colorectal Adenoma Prevention (ukCAP) trial13, 14. A third large trial,
the Nurses’ Health Study/Health Professionals Follow-up Study (NHS/HPFS) folic acid
polyp prevention trial, showed no overall risk reduction, but suggestions of decreased risks
among those with higher alcohol intake and lower folate levels at baseline15. Interestingly,
the AFPPS trial found indications of an increased risk for advanced lesions and multiple
adenomas with prolonged treatment and follow-up13.

To obtain more precise clinical evidence on the effects of folic acid supplementation on the
occurrence of new adenomas in patients with a history of adenomas, we conducted a pooled
analysis of the three large adenoma trials, focusing on 3.5 years of treatment, which
encompassed virtually all of the treatment and follow-up across trials. To address the
possibility that there may be subgroups of individuals who may be more susceptible to the
effects of folic acid in the large bowel, we also conducted a stratified analysis by selected
patient characteristics and dietary exposures.

Methods
Study Design

From literature searches in PubMed using keywords: “folic acid”, “trial” and “colorectal
adenoma”, and by contacting colleagues, we identified three placebo-controlled randomized
trials with more than 500 randomized subjects that investigated folic acid in any dose as a
chemopreventive agent for large-bowel adenomas (Table 1).

Aspirin/Folate Polyp Prevention Study (AFPPS)—The design and findings from the
AFPPS13, 16 have been previously reported. In brief, potential participants were recruited
between July 1994 and March 1998 at nine clinical centers in the U.S. and Canada. Eligible
individuals aged 21–80 years had at least one of the following: one or more histologically
confirmed adenomas removed within 3 months before recruitment, one or more
histologically confirmed adenomas removed within 16 months before recruitment and a
lifetime history of two or more confirmed adenomas, or a histologically confirmed adenoma
at least 1.0 cm in diameter removed within 16 months before recruitment. Subjects were
required to have had a complete colonoscopy documenting no remaining polyps in the large
bowel within 6 months of study entry. The trial had a two-by-three factorial design, studying
1 mg of folic acid or placebo and aspirin 81 or 325 mg/day or placebo. Originally, the trial
was designed to investigate only aspirin, but shortly after enrollment began, it was expanded
to examine folic acid; 100 individuals were randomized before the folic acid component was
initiated. The period of treatment and follow-up was originally planned to be 3 years;
however, because of concern that the beneficial effects of folic acid supplementation might
take longer to emerge,17 participants were asked to continue randomized study treatment for
a second colonoscopic surveillance cycle (usually 3 or 5 years) after the initially planned 3
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year interval. All participants agreed not to take folic acid supplements (including
multivitamins) during the treatment periods of the trial. The study provided multivitamins
without folic acid to those participants who wanted to continue multivitamin use. Among
those individuals who completed follow-up questionnaires during the first 3 years, folate use
was reported by 13.5% of patients overall (12.6% in placebo, 14.4% in folic acid groups).

In total, 1,021 individuals were randomized to folic acid or placebo; 940 participants
(92.1%) underwent one or more follow-up endoscopies at least 6 months following
randomization up to 42 months later.

Nurses’ Health Study/Health Professionals Follow-Up Study (NHS/HPFS)—
Details of the NHS/HPFS Polyp Prevention Study are outlined elsewhere18. In brief,
subjects participating in two large observational U.S. cohort studies (the Nurses’ Health
Study (NHS)19 or the Health Professionals Follow-Up Study (HPFS)20) who were aged 50–
78 years and who had a lifetime history of at least one histologically-confirmed
adenomatous polyp were eligible to participate. Contrary to the AFPPS and ukCAP trials,
the NHS/HPFS folic acid prevention trial was conducted entirely though the postal system.
Subjects were recruited from 1996 to 1999 and randomized to receive either a folic acid
tablet (1 mg) or a placebo tablet to be taken once daily for approximately 3 years. The length
of each subject’s colonoscopic surveillance interval was determined by the endoscopist
recommendation. After 3 years on study, subjects were given the opportunity to extend
participation for 2 to 3 ½ additional years; 49% of all randomized participants consented to
do so. All participants agreed not to take folic acid supplements (including multivitamins)
during the treatment period of the trial. The study did not quantify folic acid use among
participants during the treatment period. The participants were asked to provide informed
consent to review medical records for all endoscopic procedures during the study period and
for all histopathologic reports regarding any polyp removed. The first participants were
randomized in May 1996; 672 subjects were ultimately randomized. A total of 402 (59.8%)
had one or more follow-up examinations and pathological confirmations between 6 and 42
months following start of pill-taking. Due to the implementation of folic acid fortification of
certain foods during the course of the trial, over time folate levels (baseline vs. mid-trial)
increased significantly in all participants with available measurements on folate (non-
fasting) at baseline and mid-trial. However, the overall increase in folate levels was more
pronounced in the folic acid than in the placebo group (mean (SD) ng/mL: baseline vs. mid-
trial: placebo: 9.3 (6.2) vs. 17.0 (7.9), p<0.05, FA: 9.7 (6.8) vs. 39.2 (24.8), p<0.05)18

suggesting reasonable pill compliance among participants who had donated two blood
samples.

United Kingdom Colorectal Adenoma Prevention (ukCAP) Trial—In the ukCAP
trial,14 eligible patients were individuals aged less than 75 years old who had an adenoma (at
least 0.5 cm) diagnosed within 6 months of study entry (or previously if one or more
adenomas of any size were removed within 6 months of randomization) and documentation
of no remaining polyps in the bowel. Participants were recruited from 10 clinical centers in
the United Kingdom and Denmark. Randomization was to aspirin (300 mg or placebo), and
to folic acid (0.5 mg or placebo) using a 2 × 2 factorial design. Recruitment for this trial
occurred between December 1997 and November 2001. In total there were 47 patients
reporting folic acid use at baseline of which 41 took these in the form of multivitamins
(4.7% in the folic acid group and 5.3% in the placebo group). All participants were
discouraged from taking multivitamins during the trial. (Only 47/939 participants were
taking multivitamins at study entry.) Follow-up endoscopy was scheduled as per clinical
recommendation, typically three years after the qualifying examination. The ukCAP entered
939 patients; 615 (65.5%) had a surveillance endoscopy at least 6 months after
randomization up to 42 months later.
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Data Collection
Virtually all patients in the AFPPS completed a questionnaire at baseline regarding personal
characteristics, medical history and lifestyle habits, and many patients in the ukCAP study
provided similar information. In the NHS/HPFS, these data were obtained from the parent
observational studies21, 22. Dietary intake of folate was collected using food frequency
questionnaires in the AFPPS and ukCAP at baseline, and from a food frequency
questionnaire closest in time to randomization in the NHS/HPFS. Food frequency
questionnaires used in the AFPPS and NHS/HPFS accounted for changes in folate
composition (in mg) due to folic acid fortification in the United States. In the ukCAP, there
was no adjustment in folate composition because their food supply is not fortified with folic
acid.

We obtained participant-level data from each trial, including randomized folic acid or
placebo treatment group; age at study entry (in years at last birthday); sex; race; baseline
body mass index (BMI); number of baseline adenomas before randomization; family history
of colorectal cancer; baseline smoking status; occurrence and date of death during the
treatment period; occurrence and date of diagnosis of myocardial infarctions, strokes, or new
cancer diagnoses during the treatment period; and timing and outcome of each large bowel
endoscopy follow-up examination during the treatment period, including the type, size, and
location of each adenoma found.

Blood samples were obtained from subjects at baseline from non-fasting participants except
in the ukCAP. Plasma levels of folate were determined by standard methods in the AFPPS23

and NHS/HPFS24. Subject-reported pill-taking compliance was collected in the AFPPS and
ukCAP trials. The NHS/HPFS collected folate levels at midtrial as well as data on self
reported dropouts18.

Available data were sent in a de-identified data file to Dartmouth Medical School for
analysis as a combined dataset. This study was determined to be exempt from IRB review
by the Dartmouth College Human Subjects Review Committee.

Study Outcomes
Adenoma occurrence was determined by large bowel endoscopy and pathology review. In
the AFPPS, a central review was conducted; the ukCAP and NHS/HPFS relied on review of
pathology reports obtained from local pathologists. In all trials, records for all large bowel
procedures (endoscopy or surgery) were also obtained. Lesions were classified as neoplastic
(adenomatous, including sessile serrated adenomas in the AFPPS) or non-neoplastic.

The primary outcome was the occurrence of one or more colorectal adenomas detected
during at least 6 months and up to 42 months post-randomization. This interval included
almost all of the treatment and follow-up in the ukCAP trial, and approximated the initially
intended treatment period for the AFPPS and the NHS/HPFS trials. Follow-up examinations
prior to 6 months of follow-up were excluded to omit from analysis lesions likely to have
been present (but overlooked) at randomization; a maximum follow-up of 3.5 years included
a 6-month window for scheduling appointments for an intended 3-year treatment period.
Longer-term follow-up is ongoing in the AFPPS and planned for the NHS/HPFS study.

A secondary outcome was advanced lesions, defined as invasive carcinoma or adenomas
with any villous component, high-grade dysplasia, or estimated adenoma size of 1
centimeter or greater (as determined by the endoscopist or pathology report).
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We also considered the size of the adenomas detected, the number of adenomas detected in
follow-up, and location of adenomas (rectal, distal (sigmoid colon or descending colon), and
proximal (splenic flexure, transverse colon, hepatic flexure, ascending colon or cecum).

All important medical events reported by participants were verified with medical record
review in the AFPPS and NHS/HPFS trials. The ukCAP trial relied on patient reporting of
all adverse events; medical records were used to verify all reports of stroke. All adverse
events were reported from the time of randomization up to 42 months after randomization.

Statistical Methods
The statistical analysis of the combined datasets followed standard random-effects meta-
analysis methods25–27 in a two-stage approach. In the first stage, each clinical trial was
analyzed separately to obtain trial-specific unadjusted estimates of the risk ratio of one or
more adenomas or advanced lesions for the subjects randomized to folic acid versus those
allocated to placebo. Subsequently, the trial-specific relative risk ratios were combined using
standard methods for random-effects meta-analysis.25

All p-values were derived from two-sided tests, and we considered a p-value less than 0.05
to be statistically significant. Between-study heterogeneity was assessed using the Q statistic
and the I2 statistic. An I2 value of greater than 50%, or a P value less than 0.05 for the Q
statistic, was taken to indicate heterogeneity.28, 29 All analyses of study folic acid treatment
were conducted according to the principle of intention to treat. In this analysis of
randomized studies, effect estimates were unadjusted for covariates.

The main analyses focused on the risk of one or more recurrent (metachronous) adenomas or
one or more advanced lesions. A few individuals in these trials (105, 5.2% of those with
exams) had more than one endoscopy during the follow-up period, and any occurrence of an
adenoma at any examination was considered an event. Analyses, performed as above, were
conducted to evaluate the consistency of the folic acid treatment effect across specific
subgroups of patients defined according to their baseline characteristics. Interaction tests
were performed using Wald tests based on the estimated subgroup-specific log relative risk
estimates and their standard errors. Trend tests were based on the appropriate linear
contrasts of the estimated subgroup-specific log relative risk estimates. Eleven factors were
defined: age (≤57, 58–65, ≥66 years, based on tertiles of the data); sex (male, female), body
mass index (<25, 25–29.9, ≥30.0 kg/m2); cigarette smoking status (never, former, current);
family history of colorectal cancer, defined as a first-degree relative diagnosed with the
disease (present, absent); number of adenomas at baseline (1, ≥2, to divide the sample into
two groups of similar size); presence of advanced lesions at baseline exam (present, absent);
aspirin treatment assignment (placebo, aspirin 81 mg or 325 mg); alcohol use at baseline
(non-drinker, up to 1 drink/day, 1–2 drink(s)/day and more than 2 drinks/day); dietary folate
at baseline (≤232, 233–304, 305–378, >378 mcg, based on quartiles of the data); and plasma
folate at baseline (<=11, 11.1–18, 18.1–29, >29 nmol/L, based on quartiles of the data). For
stratification by aspirin treatment group, baseline adenomas and plasma folate, the NHS/
HPFS and ukCAP were excluded respectively, since the NHS/HPFS trial did not examine
the effects of aspirin or collect data on baseline adenomas, and the ukCAP trial did not
collect serum or plasma samples.

Results
Baseline characteristics and follow-up

A total of 2,632 individuals from three clinical trials were included in this analysis (Table
2); 1,324 randomized to folic acid (AFPPS: 516; Harvard: 338; ukCAP: 470) and 1,308 to
placebo (AFPPS: 505, Harvard: 334; uKCAP: 469). The majority of participants in the

Figueiredo et al. Page 5

Int J Cancer. Author manuscript; available in PMC 2013 August 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ukCAP trial (n=747, 80%) had advanced lesions at baseline, but the proportion was smaller
in the AFPPS trial (n=290, 31%). NHS/HPFS did not have a designated baseline exam, so
these data are not available for this trial. Dietary folate intake was similar in the AFPPS (322
± 155 mcg/day) and NHS/HPFS (322 ± 87 mcg/day) trials, and higher than in the ukCAP
trial (307 ± 112 mcg/day; p=0.04). Plasma folate levels were slightly higher in the AFPPS
(23.7 ± 17.4 nmol/L) compared to the NHS/HPFS study (21.5 ± 14.7 nmol/L, p=0.01).

Among participants who had one or more large bowel endoscopy during the follow-up
period, there was no difference in the number of examinations between the placebo and folic
acid treatment groups (Kruskal-Wallis p-value=0.93). Overall, the mean follow-up included
in the analysis was 30.6 (SD=8.1) months. The AFPPS (32.3 ± 3.1 months) and the ukCAP
trial (32.2 ± 9.3 months) had a longer mean follow-up compared to the NHS/HPFS (24.0 ±
10.5 months, p-value<0.0001).

Adenoma and advanced lesion occurrence
The analyses of adenoma occurrence after randomization were restricted to 1957 (74.3%)
individuals who had at least one endoscopic follow-up at least 6 months after randomization
up to 42 months later, of whom 984 were allocated to folic acid and 973 to placebo.

One or more adenomas were diagnosed in 339 participants (34.8%) in the placebo groups
and 343 participants (34.9%) in the folic acid groups (RR, 0.98; 95% CI=0.82–1.17, P=.81,
Figure 1). Advanced lesions were found in 97 (10.1%) participants randomized to placebo
and 105 (10.9%) randomized to folic acid (RR, 1.06; 95% CI=0.81–1.39, P=.65). There was
no evidence of between-study heterogeneity in the relative risk for any adenoma (Q=3.34,
P=0.19, I2=70.0) or advanced lesions (Q=2.04, P=0.36, I2=2.0).

Adenoma size, multiple adenomas and location in the colorectum
There was no association between folic acid treatment and the risk for three or more
adenomas detected at follow-up (RR=1.00, 95% CI=0.69–1.45, Figure 2). Few adenomas
1.0 cm or greater in estimated diameter were found after randomization, and we found no
association with risk of these lesions (RR=1.00; 95% CI=0.67–1.52, Figure 2). When we
examined the effect of folic acid supplementation by location in the colorectum, we found
no indication of significance differences (rectum: RR=1.01, 95% CI=0.70–1.45; distal
colon: RR=0.92; 95% CI=0.60–1.40; proximal colon: RR=1.023, 95% CI=0.79–1.33, Figure
2).

Subgroup analyses
Figures 3 and 4 show the results of the random-effects meta-analysis for all adenomas and
advanced lesions, respectively, by the subgroups examined. There was a non-significant
adverse effect of folic acid supplementation on the risk of any adenoma among individuals
in the lowest age group (under age 58 years: RR = 1.15; 95% CI=0.95–1.39) and no effect
among those aged 58–65 years or those older than 65 years at the time of recruitment (p-
trend=0.09). An apparent trend of decreasing RR for advanced lesions with increasing BMI
group was compatible with chance, as was a pattern of increasing RRs across never-,
former- and current-smoking groups (Figure 4).

There were inconsistent suggestions that the effects of folic acid differed according to
baseline folate status. Folic acid supplementation was associated with a non-significantly
lower risk among individuals in the lowest quartile of baseline plasma folate (<=11 nmol/L)
(RR, 0.80; 95% CI=0.62–1.04) and no effect for those in the highest quartile (>29 nmol/L)
(RR, 1.06; 95% CI=0.79–1.42, p-trend=0.17) (Figure 3). There was a corresponding non-
significant trend towards an increased relative risk for advanced lesions: the RR in the

Figueiredo et al. Page 6

Int J Cancer. Author manuscript; available in PMC 2013 August 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



highest quartile was 1.62 (95% CI=0.79–3.35) versus 1.18 (95% CI=0.62–2.26, p-
trend=0.22) in the lowest quartile (Figure 4). However, this pattern was not observed for
baseline dietary folate intake (Figures 3 & 4). The effect of folic acid on the risk of any
adenomas decreased non-significantly with increasing number of alcoholic drinks (p-
trend=0.35, Figure 3), but there was no similar pattern for advanced lesions (p-trend=0.96,
Figure 4). When we considered individuals who do not drink and had a baseline plasma
folate higher than 18 nmol/L, the RR for any adenoma was 1.32 (95% CI =0.69–2.50);
among those who consumed any alcohol and had a lower than 18nmol/L folate level at
baseline the RR was 0.78 (95% CI =0.33–1.83; p for interaction=0.71).

The estimated effect of folic acid supplementation on the risk of any adenoma or advanced
lesions did not differ by the number of baseline adenomas or aspirin treatment group (Figure
3 & 4).

Adverse events
During the early follow-up reported here, more deaths occurred in the placebo group than in
the folic acid group (1.7% vs. 0.5%, p=.002). There were no significant differences in the
occurrence of myocardial infractions, stroke or invasive cancers. As expected in a
population that was under endoscopic surveillance, the numbers of colorectal cancers
observed were small (placebo: 0.8% vs. folic acid: 0.6%, P=0.64).

Discussion
In this combined analysis of the three largest randomized clinical trials of folic acid
supplementation for the prevention of colorectal adenomas, we found that up to 42 months
of treatment and follow-up (mean duration=30.6 months), daily use of folic acid
supplements of 0.5–1.0 mg does not prevent the occurrence of new colorectal adenomas in
the large bowel among men and women with a previous history of adenomas. There was a
non-significant trend towards a beneficial effect of folic acid supplementation among those
with lowest plasma levels of folate, and adverse effects among those with the highest.
Mortality was significantly lower in the folic acid arms.

Daily use of alcohol, a known folate “antagonist,” 30 did not significantly modify the effect
of folic acid supplementation on adenoma risk, but we did observe a non-significant trend of
decreasing risk of all adenomas associated with folic acid with increasing number of drinks.
Many observational studies of colorectal and other cancers31 have indicated an interaction
such that among individuals who drink alcohol, folate intake and blood levels are inversely
associated with risk, in contrast to lesser or no benefit among those who abstain.

We also evaluated whether there may be other subgroups who are more susceptible to the
effects of folic acid in the large bowel. Unlike observational findings for colorectal cancer
from the NHS/HPFS study,32 we did not observe any difference in the effect of folic acid
supplementation by family history. We observed no indication that other personal
demographic characteristics, lifestyle and dietary factors significantly modified the risk of
adenomas or advanced lesions aside from the trend in alcohol intake.

We found no differences in the rates of adverse events comparing folic acid and placebo
treatment group in terms of myocardial infarction, stroke, colorectal cancer and all cancer
types combined. Interestingly, we observed a potential beneficial effect of folic acid
supplements on overall mortality. This statistically significant result is a marked contrast
with the lack of mortality benefit seen in the much larger combined analysis of trials
conducted to investigate the effect of folic acid supplementation (typically with other B-
vitamins) for the possible prevention of cardiovascular outcomes among high-risk
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individuals.33 The reasons for this difference are not clear, although the cardiovascular trials
all studied individuals at high risk of cardiovascular endpoints, in contrast to the generally
healthy population in the adenoma trials.

We obtained data from all larger folic acid randomized clinical trials to conduct this
combined analysis. Two small clinical trials were not included. A trial in Michigan
randomized 137 individuals to placebo or 5 mg of folic acid and reported a significantly
lower number of adenomas per patient in the folic acid compared to placebo group after 3
years of follow-up.11 The second small trial, which investigated 60 patients randomized to 1
mg of “folate” (presumably folic acid) or placebo and followed them for 2 years, reported a
non-significant reduction in adenoma recurrence associated with folic acid use.12 Results
from these trials differ from those reported here, for reasons that are not clear. The small
Michigan trial used a 5 mg folic acid dose, and it is possible that this would have a different
effect on adenoma occurrence than the lower doses used in the larger studies. In addition to
the limited sample size and the high drop out rate, another limitation of this trial was that
associations were only assessed in terms of numbers of adenomas per participant, i.e. a few
participants with a large number of adenomas could have artificially inflated those observed
associations. There was a substantial but non-significant increase in mortality and adenoma
numbers in the folic acid group among subjects over 70 years old.

Results from this combined analysis of clinical trials also are not consistent with earlier
observational studies that suggested that high intake and blood levels of folate are inversely
associated with colorectal adenomas or cancer risk.1, 2 There are several potential
explanations. For one thing, the trials have studied folic acid rather than the reduced folates
found in natural food sources, and it is possible that the synthetic and natural folates differ in
their effects.34 However, the fact that studies of folic acid supplements (largely from
multivitamins) have also found apparent protective associations with risk of colorectal
cancer argues against this possibility. Even if folic acid and natural folates have similar
effects, the folate doses used in the trials represent folate intakes considerably higher than
those obtained from diet, and it is a possibility that at these high doses, folate from any
source may be detrimental. Of course, it is also possible that the observational studies are
affected by confounding by the effects of other nutrients in folate-rich foods and other
lifestyle characteristics of those who have high folate intake or use multivitamins. There
were also few individuals with deficient levels of folate (<7nmol/L) in these trials, and there
is a growing appreciation that while adequate levels of folate are important at some yet
undefined threshold of folate, higher levels may not be beneficial.35 Therefore, our results
suggest with greatest certainty that most people in fortified or similar populations are
unlikely to benefit substantially from folic acid supplements within 3.5 years of follow-up
and treatmen. However, it is unclear whether an effect may be observed in alcoholics with
poor diets or populations with low folate levels or with a longer follow-up.

A further possible reason for the difference between the observational and clinical trial
findings relates to the timing of the folate administration. Evidence from animal models
suggests that folate may play a dual role in the colorectum depending on the timing of
supplementation. In a Apc+/− Msh2−/− mouse model, modest doses of folate
supplementation given after the formation of neoplastic foci appeared to increase the
development of new tumors.8 Folic acid supplementation was also shown to incrementally
increase the total number of aberrant crypt foci, the earliest precursor for colorectal cancer,
and the mean number of crypts per focus.7 Since all the subjects in the trials included in this
analysis had previous adenomas, presumably they already had transformed crypts that could
be promoted by folic acid supplementation.
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Studies of colorectal cancer in populations where the food supply is fortified with folic acid
have suggested that folate may increase risk or benefit only those who do not take
multivitamins.4, 36–38 Even in a population in which folic acid fortification of foods does not
occur, a U-shaped association between folate levels and colorectal cancer risk has been
observed in one study.5 Our findings focus on pre-cursor lesions to colorectal cancer, and
the effects of folic acid may differ for adenoma development compared to those for invasive
colorectal cancer.

Folate deficiency may increase risk of colorectal cancer via alteration in normal methylation
patterns, which can affect maintenance of DNA integrity and stability and expression of
oncogenes, tumor suppressor genes, and genes associated with changes in the expression of
apoptosis and cell cycle genes.10, 39, 40 Folate supplementation might then inhibit
carcinogenesis in deficient individuals, but have no particular effect in folate-replete
populations.

On the other hand, high levels of folate may promote colorectal carcinogenesis, for example
via their role in nucleotide synthesis.41, 42 Neoplastic cells have a relatively high rate of
proliferation43 and an up-regulation of folate receptors44 compared to normal tissue. Folate
antagonists, such as methotrexate, have been used as chemotherapeutic agents for several
cancers including those in the colorectum.45 Furthermore, folic acid is a pharmaceutical
fully oxidized, monoglutamyl form of folate. Unmetabolized folic acid may be detected in
blood after folic acid supplementation 46 and may be associated with reduced natural killer
cell cytotoxicity.34

Our meta-analysis has several limitations. First, only one clinical trial, the ukCAP trial,
examined the effect of 0.5 mg of folic acid. This was also the only study conducted in a
country that did not fortify food products with folic acid. However, in none of our analyses
did we find substantial indications of between-trial heterogeneity. Second, results from this
meta-analysis address only the short-term effects of folic acid supplementation, during
follow-up of up to 42 months. Longer studies are needed to examine potential differences by
duration of use and duration of follow-up. Follow-up in the AFPPS and NHS/HPFS is
continuing, though not in the ukCAP trial.

We were also unable to examine potential effects on other cancers and cardiovascular events
due to small numbers. All participants in this clinical trial were volunteers who had a
previous history of at least one colorectal adenoma, and our findings may therefore not
pertain to individuals without a history of such neoplasia. In general, colorectal lesion size
was estimated by the endoscopist during the endoscopy at the time of resection, and so is
subject to measurement error. Of the three trials, only the AFPPS had a central pathology
review.

This meta-analysis included the three large randomized clinical trials that have tested folic
acid as a chemopreventive agent against colorectal adenomas. The trials were well
conducted, with high compliance. Follow-up rates were high, although in two of the trials
only about 2/3 of subjects had an endoscopy during the initially intended window. The
sample size in the pooled studies was substantial, providing good statistical power to detect
moderate effects. Additional strengths include the systematic collection of risk factor and
dietary information. Because of the randomized analysis, confounding is unlikely and the
fixed doses of folic acid reduce or eliminate the measurement error associated with dietary
assessment. In addition, inclusion only of individuals with a “clean” (“no polyps”)
endoscopy in the AFPPS and ukCAP trials allowed them to assess the effect of folic acid on
incident rather than prevalent adenomas. However, the NHS/HPFS did not restrict entry to
subjects with a clean colon (although 80% had had a endoscopy within 2 years prior to the
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start of the trial and the rate of recurrence was 24%) and it is still possible polyps were
missed during endoscopy from participants in the AFPPS and ukCAP trials. Uniform,
blinded follow-up prevented differential ascertainment of endpoints according to folate
intake.

In this large-scale collaborative combined analysis, we found no evidence overall that folic
acid is beneficial for the prevention of colorectal adenomas in the large bowel after a follow-
up of up to 42 months. These data, together with other findings dampen enthusiasm for the
potential chemopreventive effects of folic acid. More follow-up is needed to assess the
longer-term effects of folic acid use.
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Figure 1.
Random-effects meta-analysis comparing folic acid versus placebo after a follow-up of 42
months. Estimates are unadjusted. Tests for heterogeneity are as follows: For any adenoma,
Q=3.34 (P=0.19) and I2=70.0. For advanced lesion, Q=2.04 (P=0.36) and I2=2.0. AFPPS,
Aspirin/Folate Polyp Prevention Study; NHS/HPFS, Nurses’ Health Study/Health
Professional Follow-up Study; ukCAP, United Kingdom Colorectal Adenoma Prevention.
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Figure 2.
Random-effects meta-analysis comparing folic acid versus placebo for the endpoints of 3 or
more adenomas, adenomas greater than or equal to 1 cm in estimated diameter and location
in the colorectum. Estimates are unadjusted. Tests for heterogeneity are as follows: For >=3
adenomas, Q=0.99 (P=0.61) and I2=0.0; adenomas >= 1cm, Q=2.30 (P=0.32) and I2=13.0;
rectal adenoma Q=2.19 (P=0.33) and I2=8.7; distal adenoma Q=5.32 (P=0.70) and I2=62.4
proximal adenoma Q=3.09 (P=0.21) and I2=35.3. Proximal adenomas include those in the
transverse colon, hepatic flexure, ascending colon and cecum; distal adenomas include those
in the sigmoid colon, descending colon and splenic flexure. AFPPS, Aspirin/Folate Polyp
Prevention Study; NHS/HPFS, Nurses’ Health Study/Health Professional Follow-up Study;
ukCAP, United Kingdom Colorectal Adenoma Prevention.
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Figure 3.
Random-effects meta-analysis comparing folic versus placebo by subgroups (all exams) for
any adenoma. Estimates are unadjusted. P values are from tests for heterogeneity between
groups for categorical variables (sex, family history of colorectal cancer, number of
adenomas at baseline, advanced lesion at baseline, and aspirin treatment) and tests for trend
for ordinal variables (age, BMI, smoking status, alcohol, dietary folate and plasma folate).
Analysis of aspirin treatment group was restricted to the AFPPS and ukCAP trials and the
analysis of plasma folate was restricted to the AFPPS and NHS/HPFS trials. AFPPS,
Aspirin/Folate Polyp Prevention Study; NHS/HPFS, Nurses’ Health Study/Health
Professional Follow-up Study; ukCAP, United Kingdom Colorectal Adenoma Prevention.
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Figure 4.
Random-effects meta-analysis comparing folic acid versus placebo by subgroups (all exams)
for advanced adenoma. Estimates are unadjusted. P values are from tests for heterogeneity
between groups for categorical variables (sex, family history of colorectal cancer, number of
adenomas at baseline, advanced lesion at baseline, and aspirin treatment) and tests for trend
for ordinal variables (age, BMI, smoking status, alcohol, dietary folate and plasma folate).
Analysis of aspirin treatment group was restricted to the AFPPS and ukCAP trials and the
analysis of plasma folate was restricted to the AFPPS and NHS/HPFS trials. AFPPS,
Aspirin/Folate Polyp Prevention Study; NHS/HPFS, Nurses’ Health Study/Health
Professional Follow-up Study; ukCAP, United Kingdom Colorectal Adenoma Prevention.
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Table 1

Summary of Clinical Trial Designs

AFPPS (N = 1021) NHS/HPFS (N = 672) ukCAP (N = 939)

Years of recruitment 1994–1998 1996–1999 1997–2001

Population

Recent history of colorectal
adenomas (within last 16 months);

no remaining lesions in large
bowel within 6 months

History of colorectal
adenomas

Recent history of colorectal
adenomas (within 6 months);
no remaining lesions in large

bowel within 6 months

Recruitment sites United States and Canada United States United Kingdom and
Denmark

Treatment Placebo vs. 1 mg folic acid Placebo vs. 1 mg folic acid Placebo vs. 0.5 mg folic acid

Compliance (% pills taken throughout
the duration of the trial)

(n=983) Placebo: 90.3%
Folic acid: 92.1% NA (n=838) Placebo: 77.5%

Folic Acid: 80.4%

Compliance (Change in folate levels)*
(n=845) Placebo: 6.2 ± 18.8

Folic Acid: 50.4 ± 38.1

(n=480) Placebo: 18.7 ±
19.5

Folic Acid: 68.1 ± 57.2
NA

Central Pathology Review Yes No No

Proportion of subjects with follow-up
colonoscopy within 42 months 92% 60% 65%

AFPPS, Aspirin/Folate Polyp Prevention Study; NHS/HPFS, Nurses’ Health Study/Health Professional Follow-up Study; ukCAP, United Kingdom
Colorectal Adenoma Prevention

*
For NHS, compliance is measured approximately mid-point during the trial; for AFPPS, compliance is measured at year 3
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Table 2

Baseline Characteristics of Participants in all Clinical Trials

Characteristic Placebo Folic Acid

Number of participants 1308 1324

Trial, no. (%)

 AFPPS 505 (39) 516 (39)

 NHS/HPFS 334 (26) 338 (26)

 ukCAP 469 (36) 470 (36)

Age, yr 59.7 ± 9.5 59.3 ± 9.4

 ≤57, no. (%) 524 (40) 533 (40)

 58–65, no. (%) 381 (29) 411 (31)

 ≥66, no. (%) 403 (31) 380 (29)

Male sex, no. (%) 717 (55) 726 (55)

Body mass index (kg/m2) 26.7 ± 4.3 26.7 ± 4.4

 <25.0, no. (%) 417 (32) 442 (33)

 25.0–29.9, no. (%) 502 (38) 497 (38)

 ≥30, no. (%) 212 (16) 217 (16)

 Unknown, no. (%) 177 (14) 168 (13)

Race or ethnic group, no. (%)

 White 1040 (80) 1073 (81)

 Black 39 (3) 31 (2)

 Hispanic 24 (2) 31 (2)

 Other 29 (2) 25 (2)

 Unknown 176 (13) 164 (12)

Tobacco smoking status, no (%)

 Never smoker 443 (34) 449 (34)

 Former smoker 515 (39) 529 (40)

 Current smoker 171 (13) 176 (13)

 Unknown 179 (14) 170 (13)

Family history of colorectal cancer, no. (%)

 No known history 708 (54) 747 (56)

 First-degree relative 326 (25) 310 (23)

 Unknown 274 (21) 267 (20)

Number of adenomas at baseline exam, no. (%)

 1 533 (41) 575 (43)

 ≥2 398 (30) 378 (29)

 Unknown 43 (3) 33 (2)

 Not collected (NHS/HPFS) 334 (26) 338 (26)
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Characteristic Placebo Folic Acid

Advanced adenoma* at baseline exam, no. (%)

 No 413 (32) 420 (32)

 Yes 515 (39) 531 (51)

 Unknown 46 (4) 35 (3)

 Not collected (NHS/HPFS) 334 (26) 338 (26)

Randomized aspirin treatment, no. (%)

 Placebo 402 (31) 404 (31)

 81 mg 169 (13) 175 (13)

 300 mg 236 (18) 236 (18)

 325 mg 167 (13) 171 (13)

 Not randomized (NHS/HPFS) 334 (26) 338 (26)

Alcohol intake (drinks/day) 0.85 ± 1.32 0.85 ± 1.29

 non-drinker, no. (%) 308 (24) 313 (24)

 ≤1, no. (%) 571 (44) 557 (42)

 >1 and <2, no. (%) 133 (10) 159 (12)

 ≥2, no. (%) 158 (12) 165 (12)

 Unknown, no. (%) 138 (11) 130 (10)

Dietary Folate (mcg/day) 316 ± 133 317 ± 128

 ≤ 232, no. (%) 264 (20) 268 (20)

 233–304, no. (%) 264 (20) 263 (20)

 305–378 251 (19) 275 (21)

 > 378, no. (%) 258 (20) 267 (20)

 unknown, no. (%) 271 (21) 251 (19)

Baseline Plasma Folate (nmol/L) 22.5 ± 15.8 23.0 ± 16.9

 ≤ 11, no. (%) 197 (15) 197 (15)

 11.1–18, no. (%) 188 (14) 200 (15)

 18.1–29, no. (%) 198 (15) 195 (15)

 > 29, no. (%) 196 (15) 203 (15)

 unknown, no. (%) 60 (5) 59 (6)

 not measured (ukCAP) 469 (36) 470 (35)

Plus-minus values are mean ± SD

*
defined as invasive carcinoma or adenomas with any mention of villous component, high grade dysplasia, or estimated size of 1 centimeter or

greater.
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