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Dietary fiber intake and risks of proximal and
distal colon cancers

A meta-analysis
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Abstract N\
The purpose of this study was to conduct a systematic review and meta-analysis of studies investigating the relationship between |
dietary fiber intake and subsite-specific colon cancer.

The PubMed database was searched to identify relevant cohort studies published from inception to August 2016 in order to
examine individually the association between dietary fiber intake and the risk of proximal colon cancer (PCC), and that between
dietary fiber intake and the risk of distal colon cancer (DCC). We searched the reference lists of the studies included in our analysis as
well as those listed in the published meta-analyses. A random-effects model was used to compute summary risk estimates.
Heterogeneity was assessed using /° and Q statistics. Publication bias was assessed with the Egger’s and Begg’s tests, with a P
value of P< .10 indicating publication bias. All statistical tests were 2-sided.

We identified and included 11 prospective cohort studies in the final meta-analysis. The risks of PCC and DCC among individuals in
the highest dietary fiber intake quartile/quintile were 14% (relative risk [RR] =0.86, 95% confidence interval [Cl]=0.78-0.95) and 21%
(RR=0.79, 95% Cl=0.71-0.87) lower, respectively, than those among individuals with the lowest dietary fiber intake. In a subgroup
analysis, the inverse association observed in the sex-based subgroup was apparent only for men with PCC. Dietary fiber intake was
inversely associated with DCC for both men and women. In addition, dietary fiber intake appeared to be inversely associated with
PCC only in European countries, whereas this association was observed for DCC in both European countries and the United States.

Our findings reveal that dietary fiber intake is associated inversely with the risk of both PCC and DCCs.

Abbreviations: Adj = Adjusted, BMI = body mass index, Cl = confidence interval, DCC = Distal colon cancer, FFQ = Food-
frequency questionnaire, PCC = Proximal colon cancer, QFFQ = Quantitative food frequency questionnaire, RR = relative risk.

Keywords: dietary fiber, distal colon cancer, meta-analysis, prospective studies, proximal colon cancer

1. Introduction

Globally, colorectal cancer has the third highest incidence among
all types of cancers, with about 1.2 million patients diagnosed in
2008 alone and comprised approximately one-tenth of all
diagnosed cancers in 2017.1" Furthermore, only alcohol and red
meat consumption have been shown to increase the risk of
colorectal cancer, according to previous epidemiological studies.*!

The association between dietary fiber intake and colorectal
cancer has been intensively investigated. Increased fiber intake
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may lead to a dilution of fecal carcinogens, reduced transit time,
and increased bacterial fermentation of fiber to short-chain fatty
acids with anticarcinogenic properties.>** A 2011 meta-analysis
indicated a 10% reduction in the risk of colorectal cancer for each
10g/day intake of total dietary fiber and cereal fiber, and an
approximately 20% reduction for a daily increment of 3 servings
(90g/day) of whole grain, with further reductions for higher
intake.”®! Because cancers of the proximal and distal colon have
been proposed to be 2 distinct cancer types with different genetic
and environmental risk factors,®! it is important to define
whether dietary fiber intake is differentially associated with the
risk of developing each of these colon cancer types. However, to
date, the majority of studies that investigated a possible link
between dietary fiber intake and the risk of proximal colon cancer
(PCC) and distal colon cancer (DCC) have yielded inconclusive
results.”~17! Therefore, to clarify these differential associations,
we conducted a systematic review and meta-analysis.

2. Materials and methods

2.1. Data sources and searches

We performed a literature search using the following key words for
articles in the PubMed database from its inception through August
2016 (www.ncbi.nlm.nih.gov/pubmed): (”dietary fiber” or ”die-
tary fiber”), (risk” or incidence”), (”colon cancer” or
”colorectal cancer”), and (”cohort study™ or ”prospective study ™).
No language restrictions were imposed. In addition, we searched
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the reference lists of the studies that were included in our analysis as
well as those listed in the published meta-analyses. The statistical
review of the study was performed by Dr Xinhua Qu from
Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University
School of Medicine. Ethical approval and patient consent were not
required, as this study was done on published data.

2.2. Study selection

To be included in this analysis, a study must have fulfilled the
following criteria: original article; cohort study; classification of
colon cancer into no more than 2 types (i.e., PCC and DCC);
inclusion of data for relative risk (RR); and the corresponding
95% confidence interval (CI). Two authors independently
assessed articles to determine whether the study met the eligibility
criteria outlined above. Differences were resolved by discussion.

2.3. Data extraction

The following data were extracted from each included eligible
study: first author’s last name, publication year, study location,
study name, study period, sex and age of participants, dietary
assessment, total number of colon cancers, numbers of PCCs and
DCCs, range of exposure, RRs or hazard ratios of dietary fiber,
and corresponding 95% Cls for the association of dietary fiber
intake with the risks of PCC and DCC, and confounders adjusted
(Adj) for in the analysis.

2.4. Statistical analysis

We used random-effects meta-analyses to calculate the summary
RRs for the associations between dietary fiber and the risks of PCC
and DCC.M"® Men and women were treated separately as 2 samples,
and risk estimates for both sexes were included in the primary
analysis.!"*! We extracted the maximally Adj RR with correspond-
ing 95% CI for the highest versus lowest quartile/quintile of dietary
fiber intake for use in the primary analyses. Heterogeneity was
assessed using I? and Q statistics.""*I? values represent the amount
of total variation explained by variation among studies, with a value
of >50% indicating severe heterogeneity, and a value of <25%
indicating the absence of significant heterogeneity. Publication bias
was assessed with the Egger’s and Begg’s tests, with P<.10
indicating publication bias.”*"!

2.5. Subgroup analyses

Four prespecified subgroup analyses were conducted using the
following criteria to define the subgroups: sex; duration of
follow-up (<10 years or >10 years); study location (the United
States or European countries); the numbers of PCC and DCC
cases (<400 or >400); and confounders used for adjustment,
including age, body mass index (BMI), smoking, exercise,
education level, calcium, folate, red meat intake, and hormone
replacement therapy (in women only).

All statistical tests were 2-sided, and a P value less than .05 was
considered significant. All analyses were performed with STATA
version 12.0 (Stata Corp, College Station, TX).

3. Results

3.1. Study selection

A total of 2002 articles were identified in the literature search
(Fig. 1). Of these, 925 were excluded for various reasons, and
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Identified from database search (n = 2002)

Excluded (n = 925):
Duplicates (n = 633)
Did not satisfy criteria (n = 410)

Retrieved for eligibilty (n = 34)

Excluded (n = 23):
Lack of data on PCC or DCC (n = 22)
Duplicate (n = 1)

v

Used in meta-analysis (n = 11)

Figure 1. Study selection flowchart. DCC=distal colon cancer, PCC=
proximal colon cancer.

410 did not satisfy the inclusion criteria. After eliminating
duplicate studies, 34 unique articles remained. After reviewing
the full text of these articles, we excluded 23 studies that were not
relevant to this review and another 22 studies that lacked
sufficient data on PCC and DCC. The 11 remaining studies were
included in the primary meta-analysis.[”~'”}

3.2. Study characteristics

The main characteristics of the 11 studies included in the primary
meta-analysis are displayed in Table 1. Seven studies were
conducted in the United States!”>®$'171%17l. 4 gtudies were
conducted in Europe (1 in 10 European countries,!'® 2 in
Sweden,”!% and 1 in Denmark™!); 6 studies involved only
women,” " and 5 involved both men and women,!!>13-15-171
[12]

1 of which reported sex-specific results.

3.3. Meta-analyses
3.3.1. Primary meta-analysis. The summary RR of PCC for

individuals with the highest dietary fiber intake relative to those
with the lowest intake was 0.86 (95% CI=0.78-0.95), with no
heterogeneity (I?=0%; P=.664; Fig. 2). The pooled odds ratios
of DCC indicated that the risk of DCC among individuals with
the highest dietary fiber intake was 21% lower than that among
individuals with the lowest dietary fiber intake (RR=0.79, 95%
CI=0.71-0.87), again with low heterogeneity (I*=28.8%;
P=.163; Fig. 3).

3.4. Publication bias

In this meta-analysis, evidence of publication bias was detected.
The Egger’s test for the various studies examining DCC and PCC,
yielded P values of.064 and.230, respectively. In addition, for
studies examining DCC and PCC, Begg’s test yielded P values of
.75 and .00, respectively.

3.5. Subgroup meta-analyses

In subgroup analyses by sex, duration of follow-up, study
location, the numbers of PCCs and DCCs, and confounders,
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Overall (I? = 0.0%, p = 0.664)
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Relative risk (95% CI)
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Figure 2. Random-effects meta-analysis of prospective cohort studies that examined dietary fiber intake and proximal colon cancer risk.
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Figure 3. Random-effects meta-analysis of prospective cohort studies that examined dietary fiber intake and distal colon cancer risk.
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dietary fiber intake was inversely associated with the risk of
colorectal cancer in most subgroups, with no evidence of
significant heterogeneity between subgroups in meta-regression
analyses. The inverse association observed in the sex-based
subgroup was apparent only for men with PCC. Dietary fiber
intake was inversely associated with DCC for both men and
women. In addition, dietary fiber intake appeared to be inversely
associated with PCC only in European countries, whereas this
association was observed for DCC in both European countries
and the United States. In the subgroups of studies that Adj for age,
BMI, and smoking, however, dietary fiber intake was inversely
associated with DCC, with significant heterogeneity between
subgroups (P=.044, .014 and.0435 respectively; Table 2).

4. Discussion

According to the findings of this meta-analysis and systematic
review, anatomical subsite has no apparent association between
the incidence of colon cancer and dietary fiber intake. Based on
the summary risk estimates of the 11 analyzed studies, individuals
with the smallest intake of dietary fiber had a 21% and 14%

Medicine

higher risk of DCC and PCC, respectively, compared to those
with maximal dietary fiber intake. Previous studies have
suggested that dietary fiber has stronger anticancer effects on
PCC for European males, while little difference has been found in
its anticancer effects on DCC for males and females.

Despite finding a similar effect of dietary fiber on the incidence
of both DCC and PCC in this study, this was contradictory to the
results of the examined studies within in this meta-analysis.
However, there were some inconsistencies identified in the results
of these previous studies: some results suggested that the
anticancer effect of dietary fiber on DCC was stronger compared
with its effect on PCC, while other results suggested either the
opposite trend or no significant difference at all. Due to the
limitation in the total number of studied cases, there has been
deficient statistical significance in colon subsite’s positive
results.'!! The precise reason for dietary fiber’s stronger
anticancer effect on PCC for male patients remains unclear.
Some investigators have suggested that one reason for this
explanation could be that there are typically fewer females
diagnosed with left-sided colon cancer, "?! while others have
suggested that estrogen replacement therapy may have protective

Subgroup analyses of fiber intake and risk of PCC and DCC.

Relative risk Relative risk
No. of (95% confidence P for Subgroups No. of (95% confidence P for

Subgroups (PCC) studies interval) P heterogeneity (DCC) studies interval) P heterogeneity
All studies 10 0.86 (0.778-0.946) 0.00% 0.664 All studies 11 0.790 (0.714-0.865)  28.80% 0.163
Sex Sex
Female 6 0.931 (0.722-1.141) 0.00% 0.469 0.222 female 7 0.699 (0.522-0.875) 0.00% 0.654 0.267
Male 2 0.784 (0.662-0.905 0.00% 0.873 Male 2 0.849 (0.743-0.955)  80.00% 0.025
Both 3 0.933 (0.794-1.072) 0.00% 0.985 Both 3 0.745 (0.609-0.882)  44.90% 0.163
Follow-up Follow-up
<10 5 0.936 (0.778-1.094) 0.00% 0.611 0.278 <10 years 5 0.756 (0.603-0.910) 0.00% 0.421 0.626
>10 5 0.833 (0.734-0.932) 0.00% 0.577 >10 years 6 0.800 (0.713-0.887)  51.20% 0.069
Country Country
us 6 0.961 (0.825-1.096) 0.00% 0.813 0.067 us 7 0.716 (0.590-0.841)  15.20% 0.311 0.149
EU 4 0.800 (0.693-0.907) 0.00% 0.724 Europe 4 0.832 (0.737-0.927)  41.30% 0.164
No of PCC No of PCC cases
<400 7 0.831 (0.734-0.928 0.00% 0.615 0.21 <400 9 0.828 (0.741-0.914)  27.30% 0.202 0.074
>400 3 0.955 (0.787-1.123) 0.00% 0.705 >400 3 0.665 (0.509-0.821) 0.00% 0.535
Adj for age Adj for age
Y 6 0.899 (0.719-1.078) 0.00% 0.553 0.648 Y 7 0.658 (0.510-0.807) 0.00% 0.677 0.044
N 4 0.851 (0.756-0.946) 0.00% 0.474 N 4 0.836 (0.748-0.924)  54.00% 0.089
Adj for BMI Adj for BMI
Y 5 0.884 (0.733-1.035) 0.00% 0.564 0.724 Y 6 0.667 (0.544-0.791) 0.00% 0.619 0.014
N 5 0.852 (0.751-0.952) 0.00% 0.46 N 5 0.863 (0.767-0.959)  19.70% 0.289
Adj for smoking Adj for smoking
Y 5 0.940 (0.818-1.062) 0.00% 0.799 0.083 Y 6 0.709 (0.600-0.818)  23.20% 0.252 0.045
N 5 0.791 (0.676-0.907) 0.00% 0.681 N 5 0.864 (0.759-0.969) 0.00% 0.461
Adj for exercise Adj for exercise
Y 6 0.865 (0.776-0.954) 0.00% 0.489 0.823 Y 7 0.800 (0.720-0.879)  47.70% 0.063 0.403
N 4 0.834 (0.581-1.088) 0.00% 0.54 N 4 0.685 (0.429-0.941) 0.00% 0.714
Adj for education Adj for education level

level
Y 5 0.823 (0.725-0.921) 0.00% 0.645 0.139 Y 5 0.808 (0.718-0.897)  45.10% 0.122 0.455
N 5 0.965 (0.804-1.126) 0.00% 0.706 N 6 0.744 (0.601-0.886)  21.10% 0.269
Adj for calcium Adj for calcium intake
Y 5 0.930 (0.796-1.063) 0.00% 0.718 0.201 Y 5 0.744 (0.608-0.880)  28.20% 0.223 0.426
N 5 0.818 (0.710-0.925) 0.00% 0.664 N 6 0.810 (0.719-0.902)  36.20% 0.165
Adj for folate Adj for folate intake
Y 4 0.946 (0.806-1.0870  0.00% 0.678 0.141 Y 4 0.689 (0.552-0.825)  31.10% 0.214 0.08
N 6 0.815 (0.710-0.919) 0.00% 0.675 N 7 0.835 (0.744-0.926) 8.90% 0.361
Adj for red meat Adj for red meat intake
Y 8 0.853 (0.768-0.939) 0.00% 0.616 0.261 Y 9 0.791 (0.714-0.868)  39.80% 0.092 0.814
N 2 1.144 (0.645-1.6430  0.00% 0.754 N 2 0.742 (0.334-1.149) 0.00% 0.512
Adj for Adj for hormone

replacement replacement therapy

hormone use use (women)

(women)
Y 4 0.955 (0.820-1.090) 0.00% 0.638 0.083 Y 4 0.739 (0.611-0.867)  19.00% 0.295 0.337
N 7 0.803 (0.696-0.910) 0.00% 0.817 N 8 0.817 (0.723-0.910)  35.30% 0.147

Subgroups (PCC)

Adj=adjusted, BMI=hody mass index, Cl=confidence interval, DCC=distal colon cancer, PCC =proximal colon cancer, RR =relative risk.
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effects against colon cancer.?'?*! In addition, differences

between genders in the composition and synthesis of bile acid
may explain the disparity in colon cancer incidence between
males and females.”**! Further, the precise reason for differing
results regarding dietary fiber with DCC and PCC may be
elucidated by subgroup analysis in various study locations. Based
on the results of this analysis, the above association was
consistent; however, a sufficient amount of location-specific cases
have not been examined. Given that various environmental risk
factors exist for colon cancer, the interaction between these
factors and colon cancer risk may be influenced by dietary fiber
intake.'?!

Some biological mechanisms may explain the differences in the
association of various factors and DCC and PCC. DCC and PCC
are embryologically, morphologically, physiologically, and
biochemically different.!®! According to some studies, fast-
degrading and fast-fermenting soluble fiber polysaccharides
can lead to highly concentrated short-chain fatty acids in the
proximal colon. However, more highly concentrated short-chain
fatty acids produced by dietary fiber with slow degradation have
also been detected in the distal colon. Individuals with a lower
fecal pH tend to have a lower incidence of colon cancer.**
Moreover, insoluble non-starch polysaccharides, which are the
most basic elements that comprise dietary fiber, are able to
transfer resistant starch to distal colonic regions for fermentation,
thus lowering ammonia concentration and increasing the
concentration in these areas, where tumors are most likely to
occur.

There were some limitations in this study. First, our primary
meta-analysis could have been more statistically heterogeneous.
However, according to the results of our subgroup analysis that
Adj for smoking history, BMI, and age, dietary fiber intake was
negatively correlated to the incidence of DCC, which showed
high heterogeneity. Second, the quintile/quartile ranges of dietary
fiber intake varied considerably from study to study, and this
could have added heterogeneity to the pooled analysis. Third,
food-frequency questionnaires (FFQs) were adopted in all the
included studies, and when considering their susceptibility to
measurement errors, the information collected with question-
naires could have impacted the association of dietary fiber intake
with colon cancer risk. Fourth, our meta-analysis did not include
many studies examining dietary fiber association with the
incidence of colon cancer due to a lack of investigating colon
cancer subsite. Despite excluding these studies, we obtained
nearly identical results with another recent meta-analysis
concerning dietary fiber’s association with the incidence of colon
cancer, in which separate results for DCC and PCC were not
reported.”®! Under this circumstance, the studies contained in our
meta-analysis are representative of other meta-analyses. A
previous meta-analysis that included 6 studies reported a 0.88
summary risk estimate for colorectal cancers, compared with our
respective summary RRs of 0.79 and 0.86 for PCC and DCC,
respectively.

Regardless of study limitations mentioned above, our analysis
presents some convincing findings. Each study included in our
meta-analysis came utilized a prospective design, which success-
fully prevented the occurrence of recall and selection biases. The
majority of these studies involved the evaluation of multiple
critical confounders, including the intake of red and processed
meat, smoking habits, and BMI. Moreover, most of these studies
involved a large number of colon cancer patients, as well as a
relatively long follow-up period, which strengthened the
statistical power of our study.

www.md-journal.com

In conclusion, the results of this systematic review and meta-
analysis present strong and consistent evidence that dietary fiber
is associated with reduced risks of both proximal colon and distal
colon cancers, and that the association between dietary fiber
intake and risk of colon cancer does not differ by cancer subsite.
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