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Abstract: The aim of this systematic review and meta-analysis was to evaluate the association
between dietary fibre intake and rectal cancer (RC) risk. In January 2019, a structured computer
search on PubMed/Medline, Excerpta Medica dataBASE (EMBASE) and Scopus was performed
for studies reporting the results of primary research evaluating dietary fibre intake in women and
men as well as the risk of developing RC. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) recommendations were followed. Highest vs. lowest fibre concentrations
was compared. The Egger test was used to estimate publication bias. Heterogeneity between studies
was evaluated with I statistics. The search strategy identified 912 papers, 22 of which were included
in our meta-analysis. Having evaluated a total of 2,876,136 subjects, the results suggest a protective
effect of dietary fibre intake on RC prevention. The effect Size (ES) was [0.77 (95% CI = 0.66-0.89),
p-value = 0.001)]. Moderate statistical heterogeneity (Chi?> = 51.36, df = 21, I? = 59.11%, p-value =
0.000) was found. However, no publication bias was found, as confirmed by Egger’s linear regression
test (Intercept —0.21, t = —0.24, p = 0.816). The findings suggest that dietary fibre intake could be
protective against RC, with a clinically relevant reduction of RC risk. Identifying preventive measures
to avoid the development of RC, especially by following a healthy lifestyle including healthy diet,
is pivotal.
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1. Introduction

Colorectal cancer is the third most common cancer worldwide, after lung and breast cancer.
It represents 10% of all cancers, excluding non-melanoma skin cancer, and it is the second leading cause
of cancer-related death worldwide, accounting for approximately 1.8 million new cases and almost
900,000 deaths in 2018 [1]. Developed countries, in particular in Oceania and Europe, account for 54% of
all cases. Growing evidence shows that approximately 47% of cases of colorectal cancer can be prevented
by eating and drinking healthily, being physically active and maintaining a healthy weight [2]. As a
matter of fact, evidence suggests that the dietary and lifestyles changes observed in recent decades are
responsible for the increased incidence of chronic diseases, including cancer. As far as diet is concerned,
it is already known that the Western Diet (rich in fat, sugars and animal products) is associated with
an increased risk of cancer, colorectal among others [3]; on the contrary, the Mediterranean Diet (rich
in fruits and vegetables, whole grains and pulses) shows a higher protective role against cancer [4].
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Data from the largest European prospective cohort study (European Prospective Investigation into
Cancer and Nutrition study (EPIC)) failed to support the higher protective role played by an increased
intake of fruits and vegetables, compared to a healthy and balanced diet, to prevent colon cancer [5].
Nevertheless, the results from an extensive and recent meta-analysis confirm the protective role of fibre
on colon cancer risk [6]. According to the World Cancer Research Fund and the American Institute for
Cancer Research, a consumption of at least 90 g/day of whole grain significantly reduces the risk of
colon cancer mainly due to their high fibre content [2].

Approximately one-third of cases of colorectal cancer are located in the rectum, and most of these
are rectal adenocarcinomas [7]. Colorectal cancer varies a lot in terms of aetiology, prognosis and
treatment, depending on its location within the colon: proximal and distal sections of the colon and
rectum widely differ in their functioning mechanisms, and these differences should be taken into account
when investigating the risk factors and protective strategies for colon and rectal cancer. There are
several mechanisms that could be involved in the anticarcinogenic effect of dietary fibres in colorectal
cancer, including physical mechanisms and prebiotics effects. Among the physical mechanisms, fibre is
responsible not only for increasing the faecal bulk, thus improving the sequestration and dilution of
other carcinogens to which the intestinal epithelium is exposed though diet, but it also allows for
a faster intestinal transit time that results in reducing the duration of toxins exposure for the intestinal
epithelium [8]. Moreover, fibres have prebiotics effects as well: prebiotics are non-digestible elements
that might have beneficial effects through gut microbiota metabolization [9]. However, the studies
available in literature show inconclusive results and these inconsistencies may essentially be the result
of different age at diagnosis, tumour site or dose needed to observe an association [10].

Colon and rectum, in spite of their similar anatomical features and close contact, play different
roles in the digestion process, and therefore have different underlying pathophysiological mechanisms.
For instance, transit time is lower within the colon, compared to the rectum where the faecal mass is
stored before expulsion through defecation. These differences, as well as the different homeostatic
mechanisms, may play a role in the development of cancer, and should be taken into consideration
when studying the colon and rectum. Nevertheless, even though several studies have investigated the
association of plant food and fibre intake with colorectal cancer (involving either the whole colon and
rectum or the colon alone), only a limited number of studies have examined the possible associations
of these dietary habits with rectal cancer.

Although it is not easy to investigate rectal cancer alone, we performed a systematic review and
meta-analysis aimed at estimating the potential association between dietary fibre intake and reduced
risk of rectal cancer development.

2. Material and Methods

We performed this systematic review and meta-analysis following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [11]. A structured computer literature
search was performed on the PubMed/Medline, Excerpta Medica dataBASE (EMBASE) and Scopus
databases, using a pre-determined combination of keywords, according to the type of database consulted.
The selection of keywords was conducted considering three aspects: rectal cancer, fibre intake and
type of study. The keywords were then combined using Medical Subject Headings (MeSH), text words,
and Boolean operators AND/OR. The search terms identified were: rectal, colorectal or colon cancer
and intestinal or adenomatous polyp, combined with dietary fibre, edible grain, vegetables, bread, fruit,
and prospective, cross-sectional, cohort or follow-up studies, clinical trial, incidence, epidemiology
surveys and questionnaires. The literature search was carried out in January 2019 and an update was
conducted in May 2019.

2.1. Inclusion/Exclusion Criteria

The retrieved references had to report the results of primary research evaluating dietary fibre
intake in women and men, as well as the risk of rectal cancer development, in order to be included
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in the systematic review. Furthermore, only studies published in English and for which the full
text was available were included in the analysis. No time filter was added; animal model studies,
non-original papers (e.g., reviews, letters to the editor, commentaries); studies reporting different
outcomes and data not expressed as risks [e.g., Odds Ratio (OR), Risk Ratio (RR) or Hazard Ratio
(HR)] were excluded. Moreover, because our aim was to evaluate the effect of daily dietary fibre
intake, studies investigating the effect of fibre supplementations were not included in the review.
Supplementary Table S1 reports the detailed inclusion/exclusion criteria according to a Population,
Intervention, Comparison, Outcomes and Study design (PICOS) [12], extended with time and language
filters, as recommended by the Cochrane Collaboration [13].

2.2. Data Extraction

All the collected studies were first screened according to the title and abstract. The full text was
obtained only for potentially useful papers. Article screening and data extraction of the selected
studies were conducted in double blind by two independent researchers (VG and TS). Any potential
disagreement was solved through discussion between the two researchers. If the disagreement
persisted, a third researcher was consulted. Data were collected only from articles satisfying the
inclusion/exclusion criteria. A pre-defined spreadsheet, elaborated using Microsoft Excel® for
Windows, was adopted in order to systematically record the main qualitative and quantitative data
extracted from the included studies. The quantitative data recorded were: amount of fibre intake,
sample size, duration of the study (expressed in years), and outcome (expressed as risk). When the
adjusted estimated risks were available in primary studies, these were used preferentially. Body Mass
Index (BMI), smoking behaviour, gender and age were the main confounding factors considered.
Qualitative data included: name of first author, year of publication, country where the study was
conducted and the modality to collect dietary information. Moreover, characteristics of the subjects
were also recorded (e.g., age, gender). Corresponding authors were contacted by e-mail when detailed
information was not available. The reference lists were additionally screened in order to collect further
related articles.

2.3. Quality Evaluation

Two researchers (VG and DN) independently undertook a quality evaluation of the included
articles, using the checklist elaborated by The Cochrane Collaboration [13]. The Cochrane risk of bias
assessment tool covers several domains of bias, including selection, detection, attrition, and performance
bias. This evaluation system does not allow to calculate a numerical score, because it does not assign
a point for each item. On the contrary, this tool estimates the risk of bias by assigning three different
options for each item: low, high or unclear risk of bias.

2.4. Statistical Analysis

The effect size (ES) was calculated based on the risks (HR/OR/RR) provided per each study and it
was estimated by RR (risk ratio) reported with its 95% confidence interval (CI). Because the amounts of
fibre intake reported in the original studies were widely different (both in terms of units and quantities),
it was not possible to compare specific quantities of fibre intake. For this reason, the comparison
was performed among subjects exposed to the highest concentration of dietary fibres with those
exposed to the lowest intake. Random-effect models have been applied to conduct the meta-analysis.
The heterogeneity among included studies was evaluated through Chi? and I? tests. I? values > 75%
means high heterogeneity, while values between 50 and 75% are considered as moderate heterogeneity.
If the I is between 25 and 50%, it is considered as low heterogeneity, and below 25% as no heterogeneity.
The graphical evaluation of the Funnel plot and the Egger’s regression asymmetry test were used to
estimate potential publication bias. Statistical significance was set at p < 0.10 [14]. If publication bias
was detected, a trim and fill method was used in order to adjust for publication bias [15]. To perform
the meta-analysis, the software Prometa3® was used.
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2.5. Sub-Group and Sensitivity Analysis

In order to exclude the potential overlapping effect due to the inclusion of studies referring to the
same cohort of patients, a sensitivity analysis was run, excluding these data. In addition, in order to
consolidate the validity of the results, a sub-group analysis was developed taking into consideration:
gender (male and female separately); study design (case-control and cohort studies); duration of the study
(at least 10 years) and continent where the studies were conducted (Europe, America, and Asia separately).

2.6. Cumulative Analysis

In order to estimate the evolution of the effect size (ES) following the publication of subsequent
studies, a cumulative analysis was performed. The cumulative analysis accumulates the results from
the first to the latest study, and each successive result includes a synthesis of all previous studies.
This subsequent combination of the results expresses their potential consistency [16]. We performed
the cumulative analysis both chronologically (adding each study according to the year of publication)
and considering the sample size (from the smallest to the biggest).

2.7. Moderator Analysis

To explore potential moderators of these observed effects, we examined the variation in ES
associated with the year of publication, categorized into three groups (the first group consisted of
studies until 2004, the second between 2005 and 2010, the third from 2011 until today).

3. Results

3.1. Literature Search

A total of 912 articles were identified, 405 of which were in the PubMed/Medline databases,
388 in the EMBASE database and 119 in the Scopus database. After the preliminary screening by
title and abstract, 815 documents were excluded, because of duplicates (1 = 47), reviews (n = 305),
in vitro studies (1 = 5), in vivo studies (n = 3), unrelated topic (n = 424), full-text not available (n = 8),
different language (n = 23). Out of the 23 articles excluded because of language restriction, seven were
written in German, five in Japanese, three in French, two in Chinese, and one in Danish, Dutch,
Rumanian, Russian, Spanish and Polish. Overall, 97 articles were eligible, but 79 studies were excluded
either because the selection criteria for rectal cancer were not available (data were often expressed
for intestinal adenoma or for a combination of colon-rectal cancer) or because outcomes different
than risk of cancer were analysed. A flow diagram, reporting the selection process, is shown in
Figure 1. At the end of the screening process, 18 articles were included in the quantitative analysis;
however, because four papers [10,17-19] reported the results divided by gender, they were considered
as independent studies and, for this reason, the meta-analysis includes 22 datasets. Furthermore,
because three studies reported the results both aggregated and divided by gender, we included the
latter data in the sub-group analysis by gender.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram of studies selection process.

3.2. Characteristics of Included Studies

Table 1 shows the characteristics of the studies included in the meta-analysis, alphabetically
ordered and divided according to study design and gender. Supplementary Table S2 illustrates the
quality evaluation. Eight studies were conducted in Europe, one of which was conducted in the
United Kingdom [18,20], three in Sweden [21-23] and four in multi-centric European studies [19,24-26].
Out of these four European studies, three came from the EPIC cohort and one from the HELGA
cohort [based on three prospective Scandinavian cohorts: The Norwegian Women and Cancer study
(NOWAC), The Northern Sweden Health and Disease Study (NSHDS), and the Danish Diet, Cancer and
Health study (DCH)]. The three EPIC cohorts included different countries: the study conducted by
Bingham et al. in 2003 included France, Italy, Spain, United Kingdom, the Netherlands, Germany,
Sweden and Denmark [24]; the second study, conducted by Bingham et al. in 2005, also included
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Norway and Sweden [25]; the study conducted by Murphy et al. in 2012 also included Greece [26].
The HELGA cohort included Norwegian, Danish and Swedish subjects [19]. In addition to these,
four other studies were conducted in the United States of America (USA) [10,17,27,28], four in
Japan [18,29-31] and two in China [32,33]. Of the included studies, five were conducted between 1992
and 2004 [10,21,22,24,27], eight were carried out in the time frame 2005-2010 [18,20,25,28-32], while five
were published between 2011 and 2016 [17,19,23,26,33]. In 10 studies, the results were presented for
males and females combined [20,21,23-25,28-31,33], while 10 studies reported the results for females
only [10,17-19,22,23,27,30-32], and eight for males only [10,17-19,23,26,30,31]. The included subjects
were aged between 20 and 93 years. A validated self-administered Food Frequency Questionnaire
(FFQ) was used in 10 studies in order to obtain data on dietary fibre intake [18,19,22,26-28,30,31,33],
while three studies did not specify whether the adopted questionnaire had been previously validated
or not [17,24,25]; the food questionnaire was administered through an interview in two studies [21,29],
while three studies used a food diary [10,20,23]. The pooled ES was [0.77 (95% CI = 0.66-0.89),
p-value = 0.001)] based on 2,876,136 participants (Figure 2a). Moderate statistical heterogeneity
(Chi2 =51.36, df = 21,12 =9.11%, p-value = 0.000) was found. However, no publication bias was found,
as demonstrated by the symmetry of the Funnel plot and confirmed by Egger’s linear regression test
(Intercept —0.21, t = —0.24, p = 0.816) (Figure 2b).
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Table 1. Characteristics of the included studies divided by study design.
Author and . Gender and . - Duration of Dietary Fibre Intake * + .
Year Country Sample Size Age Population Characteristics Study SD Tool Effect Size p-Value
Case-control studies
. . Cases: 21.23 + 1.26 g/10 . . . .
Arbman, 1992~ Sweden 28 ME49-77y  Patients Surgllcauy freated for 15y MJ (SEM) r(ilsctziy(lgisetr%rlzw) RR.oOblzz-(()g%u < e
rectal cancer Control: 21.18 £ 1.15g/10 P 0
MJ (SEM)
Seven established UK cohorts:
EPIC-Norfolk, EPIC-Oxford, the .
Dahm, 2010 UK 864 MEmean = ernsey Study, MRCNSHD 21y Cases: 89 L68MIyalidated Food diary OR (95%CT) p=07
56.97 y 4 4 0.82(0.40-1.66)
the OVS, the UKWCS and
Whitehall IT Control: 24.1 + 5.4 g/M]J
Slattery (a), - Cases: <16 g/d s OR (95%CI):
2004 USA 1232 M30-79y KPMCP 4y Control: >34 g/d CARDIA diet history 0.54(0.34-0.86) p<0.01
Slattery (b), . Cases: <16 g/d S OR (95%CI):
2004 USA 945 F30-79y KPMCP 4y Control: >34 g/d CARDIA djiet history 0.54(0.29-0.98) p<0.01
Fukuka Colorectal Cancer Study, )
; - patients with histologically Cases: 9.2 g/d validated OR (95%CI): _
Uchida, 2010 Japan 1631 M F20-74y confirmed incident 3y computer-assisted 1.24(0.74-2.10) p=041
adenocarcinomas Control: 19.8 g/d interview
. HERPACC included patients 5 .
Walkai (@), Japan 2777 M, F20-79y with cancer of colon or rectum 3y n.a validated FFQ OR (95%CD: 0.72 p=0.64
2006 (0.49-1.08)
and controls free of cancer
. HERPACC included patients o) 1.
Wakai (b), Japan 1621 M20-79y with cancer of colon or rectum 3y n.a validated FFQ OR (95%Cl): p=0.68
2006 0.83(0.47-1.45)
and controls free of cancer
. HERPACC included patients o) T,
Wakai (c), Japan 1156 F20-79y with cancer of colon or rectum 3y n.a validated FFQ OR (957%CI): p=0.64
2006 0.78(0.40-1.51)
and controls free of cancer
M, F mean
: Colorectal cancer patients : %CI):
. age cases: p MJF cases: 7.13/13.79 g/d . OR (95%CI): 0.38
Zhong, 2014 China 878 56.7 + 10.6 (SD); diagnosed no more than 3 2y validated FFQ (0.24-0.60) p <001
age controls: months before interview. MJF control: 14.92
56.4 +10.5y /12.65 g/d
Cohort studies
Bingham, Quintile 1: 12.71 g/d country-specific HR (95% CI): 0.80 _
2003 Europe 434,209 ME25>-70y EPIC 6y Quintile 5: 33.76 g/d ~ dietary questionnaire (053-1.22) p=0319
B1r;gggm, Europe 603 M,F25-70y EPIC 62y Quintile 1: 17.1 g/d self-administered HR (95% CI): 0.62 p =001

Quintile 5: 27.2 g/d

dietary questionnaire

(0.44-0.87)
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Table 1. Cont.
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Author and . Gender and . - Duration of Dietary Fibre Intake * + .
Year Country Sample Size Age Population Characteristics Study SD Tool Effect Size p-Value
Women, participants of the
Nurses’ Health Study without g1l o/ CT)-
Fuchs, 1999 USA 88,757 F34-59y history of cancer, inflammatory l6y Quintile 1: 9,8 + 1,7 g/d validated FFQ RR (95%:Cl): p=037
bowel disease, 0-63(0.37-1.08)
or familial polyposis Quintile 5: 24.9 + 5.5 g/d
Quartile 1: >16.8-<22.1 o/ .
Hansen @), g . dinavia 38,852 M 30-64 y HELGA 113y g/d validated FFQ RR (95%CI): ns
2012 Quartile 4: >28.1 g/d 1.11(0.74-1.66)
Quartile 1: >15.4-<19.6 o) T,
Hansen (b), g1\ dinavia 69,229 F30-64y HELGA 113y g/d validated FFQ RR (95%CI): ns
2012 Quartile 4: >24.5 g/d 0.97(0.66-1.42)
mean follow-up: R .
Murphy, 2012 Europe 477,312 M,>35y EPIC 11.0y Quintile 1: <164 g/d validated FFQ FIR (95%CI): p=034
Quintile 5: >28.5 g/d 0.90(0.72-1.14)
. R . HR (95%CTI):
Otani (a), 2005 Japan 47,400 M40-69y fg‘;%or;I "Cf]}z’HCIi“‘mdy Sctla,“ef;;g 5.8y follow-up Quintile 1: 6.4 g/d validated FFQ Highest p =099
, the Cohort II started in Quintile 5: 18.7 g/d self-administered 0.95(0.40-2.3)
. L . HR (95%CI):
. Cohort I of JPHC study started in Quintile 1: 8.3 g/d validated FFQ N _
Otani (b), 2005 Japan 53,538 F40-69y 1990, the Cohort I started in 1993 58y follow-up Quintile 5: 20.0 g/d self-administered 1 OIEI(;g?’};e_s?’t 3) p=082
African American, Native Quintile 1: <8.1 g/1000 self-administered HR (95%CI):
Park 2016 (a) Usa 85,905 Md5-75y Hawaiian, Japanese American, By L Fcal quantitative FFQ Highest 0.47 p < 0.0001
Latino, and white Quintile 5i<>115'3 &/1000 (0.35-0.62)
cal
African American, Native Quintile 1: <8.1 g/1000 .. o .
Park 2016 (b) USA 101,769 F 45-75 Hawaiian, Japanese American, 19y kcal se.:if—(;admlntl.stereq g?}(?ezt/(bcé; p =0.004
Latino, and white Quintile 5: >153 g/1000 ~ Matec questionnaire (0g45_0 86)
cancer registries keal ' '
. M,F 50-71 NIH-AARP Diet and Health 5 Quintile 1: 6.6 g/1000 kcal validated FFQ RR (95%CI): _
Sc};%tg;m, USA 489,611 years Study 5y follow-up Quintile 5: 15.9 g/1000 self-administered 1.13(0.84-1.51) p =039
keal
. . % Quintile 1: 7.3 g/d . RR (95%CI): _
Shin, 2006 China 74,942 F 40-72 years SWHS 3y Quintile 5: >13.45 g/d validated FFQ 0.9(0.4-2.1) p=0.335
Terry, 2001 Sweden 61,463 F 40-74 years SMSC 9.6y follow-up Quartile 1: 5.7 + 1.4 g/d validate FFQ RR (95%CI): p=015

Quartile 4: 13.6 +2.7 g/d

(self-administered)

1.10(0.69-1.76)
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Table 1. Cont.
. . . .
Auﬂ;::rand Country Sample Size Gen[;l;z and Population Characteristics Du;l:g; of Dietary Fﬂ;r]; Intake * Tool Effect Size p-Value
Vulcan (a), M, F 66-93 § Quintile 1: 0-1.7 g/MJ HR (95% CI): _
2015 Sweden 2ot years MPes 154 followup Y Quinile 5: 2.7-8 /My 7-d menu book 0.88(0.55-1.42) p=052
Vulcan (b), ¥ ~ Quintile 1: 0-1.7 g/MJ HR (95% CI): _
2015 Sweden 10987 M 66-93 years MDCS 5 follow-upy 5 intile5: 27-8 g/M] 7-d menu book 0.59(0.31-1.12) p=0263
Vulcan (c), - . Quintile 1: 0-1.7 g/MJ HR (95% CI): _
2015 Sweden 16,944 F 66-93 years MDCS 15.4 follow-up y Quintile 5: 2.7-8 g/M] 7-d menu book 136(0.67-2.78) p = 0.660
Wakai (), MF 407 . Quartile 1: 7.1 2.0 g/d . RR (95%CI): 1.10 067
2007 Japan 43,115 ,E40-79y JACC 6y Quartile 4 13.4 £ 2.9 g/d validated FFQ (0.59-2.0) p=0.6
Wakai (b), . Quartile 1: 6.7 + 2.0 g/d . RR (95%CTI): 0.95 _
2007 Japan 16,636 M, 40-79 y JACC 76y Quartile 4 134 + 3.0 g/d validated FFQ (0.45-2.02) p=0.89
Wakai (c), . Quartile 1: 7.4 + 2.1 g/d . RR (95%CTI): 1.82 _
2007 Japan 26,479 F 40-79y JACC 76y Quartile 4: 13.4 £ 2.8 g/d validated FFQ (0.59-5.65) p=0.19

Abbreviations: F = female, M = male, Y = years, HR = Hazard Ratio, OR = Odd Ratio, RR = Relative Risk, SD = Standard Deviation, SEM = Standard error of the mean, KPMCP = Kaiser
Permanente Medical Care Program of Northern California, OVS = Oxford Vegetarian Study, UKWCS = UK Women’s Cohort Study, EPIC = European Prospective Investigation into Cancer
and Nutrition study, JACC = Japan Collaborative Cohort Study, MDCS = Malmo Diet and Cancer Study, population-based prospective study, SMSC = Swedish Mammography Screening
Cohort, SWHS = Shanghai Women’s Health Study, JPHC = Japan Public Health Center-Based Prospective Study, NOWAC = Norwegian Women and Cancer study, NSHDS = The Northern
Sweden Health and Disease Study, DCH = Danish Diet, Cancer and Healthy Study, HELGA = consists of people from NOWAC, NSHDS, and DCH cohorts: MRCNSHD = Medical

Research Council National Survey of Health and Development, * Dietary fibre intake has been reported as a mean or range, based on the values expressed in the original paper.
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(a)
ES 85% ClI N
Uchida_2010 124 0.74,210 1631
Schatzkin_2007 113 0.84 . 1.51 489611
Hansen(a)_ 2012 111 0.74,1.66 38852
Terry_2001 110 069,176 61463
Wakai(a)_2007 110 059,207 43115
Otani(b)_2005 1.00 0.32,3.30 53538
Hansen(b)_ 2012 097 066,142 69229
Otani(a) 2005 095 040,230 47400
Murphy_2012 090 0.72 114 477312
Shin_2006 080 040,210 74942
Vulcan(a)_2015 0.88 055,142 27931
Dahm_2010 082 040,166 864
Bingham_2003 080 053,122 434209
Wakai(a)_2006 072 049,108 277
Fuchs_1999 063 0.37.1.08 88757
Bingham_2005 062 044,087 603
Park(b)_2016 062 045,086 101769
Slattery(a)_2004 054 034,086 1232
Slattery(b)_2004 054 0.29,098 945
Park (a)_2016 047 035,062 859050
Zhong_2014 038 0.24,0.60 878
Arbman_1992 012 002,076 28
Overall (random-effects model) 077 066,089 2876136
'
(b)
0.00
o]
0.20 1 @Q
Q Jo
o
s}
S
T 040t
A
N
D
A
R 1
D 0.60
E
R
R 1
0 0.80
R
1.00
s}
1.20 ,
<>
-3.60 -2.70 -1.80 -0.90 0.00 0.90 1.80 270 3.60
EFFECT SIZE

10 of 21

Figure 2. (a) Forest plot and (b) funnel plot of the meta-analysis comparing dietary fibre intake (lower vs.

higher intake) in the prevention of rectal cancer.
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3.3. Sensitivity Analysis

In order to estimate the effect of fibre intake without potential overlapping cohort studies, two of
the three multi-centric EPIC cohort studies were excluded. Bingham et al. 2003 and Bingham et
al. 2005 were excluded, while Murphy et al. 2012 was included because it was the most recent
EPIC study and the number of included countries was higher compared to the previous ones [24-26].
Moreover, because Dahm et al. 2010 used national data from the EPIC cohort, this study was excluded
as well [20]. However, no significant differences were found. The pooled ES was [0.78 (95% CI =
0.65-0.93), p-value = 0.005)] based on 2,440,460 participants, and moderate statistical heterogeneity
(Chi2 =49,70, df = 18, 12 = 63.78%, p-value = 0.000) was found. No publication bias was found as
confirmed by Egger’s linear regression test (Intercept —0.31, t = —0.32, p = 0.753).

3.4. Sub-Group Analysis by Gender

The analysis including only studies that reported separate data for males obtained a pooled ES
= [0.76 (95% CI = 0.58-0.99), p-value = 0.042)] based on 1,479,569 men, with a moderate statistical
heterogeneity (Chi? = 20.59, df = 7, I? = 66.00%, p-value = 0.004 (Figure 3a). However, the symmetry
of the funnel plot shows no potential publication bias, confirmed by Egger’s linear regression test
(Intercept —0.36, t = 0.22, p = 0.830) (Figure 3b). When analysing only the studies reporting data
selectively for females, a borderline, weak, inverse association was found with an ES = [0.83 (95% CI =
0.67-1.02), p-value = 0.078)] based on 495,222 women. However, no statistical heterogeneity was found
(Chi? = 11.87, df = 9, I? = 24.17%, p-value = 0.221). The funnel plot was symmetrical as confirmed by
Egger’s linear regression test (Intercept 1.24, t = 1.31, p = 0.226).

(a)
ES 95% CI N
Hansen(a)_2012 1.11 0.74 ,1.66 38852
Wakai(a)_2007 1.10 059,207 43115
Otani(a)_2005 095 0.40,220 47400
Murphy_2012  0.90 0.72,1.14 477312
Wakai(b)_2006 0.83 0.47 ,1.45 1621
Vulcan(b)_2015 0.59 0.31,1.12 10987
Slattery(a)_2004 0.54 0.34,0.86 1232
Park (a)_2016 047 0.35, 062 859050
Overall (random-effects model) 0.76 0.58,0.99 1479569
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Figure 3. (a) Forest plot and (b) funnel plot of the meta-analysis comparing dietary fibre intake in the
prevention of rectal cancer in men.
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3.5. Sub-Group Analysis by Study Type

Taking into consideration only cohort studies, the pooled ES was [0.82 (95% CI = 0.70-0.97),
p-value = 0.021)] based on 2,867,781 individuals (Figure 4a). Moderate statistical heterogeneity
(Chi? = 31.68, df = 14, I? = 55.81%, p-value = 0.004) was found. The Funnel plot was symmetrical,
showing no potential publication bias, as confirmed by Egger’s linear regression test (Intercept 0.74,
t=0.69, p = 0.501) (Figure 4b).

(a)
ES 95% Cl N
Schatzkin_2007 113 084 151 439611
Hansen(a)_2012 1.1 074 166 38852
Terry_2001 110 069,176 61463
Wakai(a)_2007 1.10 059 207 43115
Otani(b)_2005 1.00 032, 330 53538
Hansen(b)_2012 097 066 142 69229
Otani(a)_2005 095 040, 6230 47400
Murphy_2012 090 072 114 477312
Shin_2006 090 040 210 74942
Yulcan({a)_2015 088 055 142 27931
Bingham_2003 080 053 122 434209
Fuchs_1899 063 037,1.08 88757
Bingham_2005 062 044 087 603
Park(b)_2016 062 045 086 1017649
Park (a)_2016 047 035 062 858050
Overall random-effects model) 082 070,087 2867781
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Figure 4. Cont.
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Figure 4. (a) Forest plot and (b) funnel plot of the meta-analysis comparing dietary fibre intake
in the prevention of rectal cancer considering cohort studies. (c) Forest plot and (d) funnel plot
of the meta-analysis comparing dietary fibre intake in the prevention of rectal cancer considering
case-control studies.

Furthermore, because of the potential overlapping effect, we removed studies using the same
cohort. A borderline, weak inverse association was found with an ES = [0.85 (95% CI = 0.71-1.03),
p-value = 0.093)] based on 2,432,969 participants. Moderate statistical heterogeneity (Chi? = 29.14,
df =12, I2 = 58.82%, p-value = 0.004) was found. No publication bias was found, as confirmed by
Egger’s linear regression test (Intercept 0.71, t = 0.63, p = 0.542).

When only case-control studies were included in the analysis, the pooled ES was [0.62 (95% CI =
0.44-0.88), p-value = 0.007)] based on 8355 participants (Figure 4c). Moderate statistical heterogeneity
(Chi2 =15.04, df = 6, 12 = 60.10%, p-value = 0.020) was found. No publication bias was found as
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confirmed by the symmetry of the Funnel plot and by the Egger’s linear regression test (Intercept —1.06,
t=-0.57, p = 0.596) (Figure 4d).

3.6. Sub-Group Analysis by Duration of the Studies

Including only studies with at least 10 years of observation, the pooled ES was [0.75 (95%
CI = 0.59-0.95), p-value = 0.017)] based on 1,663,792 participants (Figure 5a). Moderate statistical
heterogeneity (Chi? =23.01, df =8, I? = 65.23%, p-value = 0.003) was found. However, no publication bias
was found as shown in the Funnel plot and confirmed by Egger’s linear regression test (Intercept —0.63,
t =-0.43, p = 0.679) (Figure 5b).

(a)
ES 95% Cl N
Hansen(a)_2012 1.11 0.74 166 33852
Hansen(b)_2M2 097 066, 1.42 69229
Murphy_2012 090 072 114 477312
Vulcan{a)_2015 088 055, 142 27931
Fuchs_199% 0683 037, 1.08 88757
Park(b)_2016 062 045,038 101769
Park (a)_2016 047 035, 062 855050
Arbman_1982 012  0.02,078 28
Overall (random-effects model) 0.74 058,096 1662928
1
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o
o]
S
T 040
A
N
D
A
R
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E
R
R
o 0.80
R
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[}
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-3.60 -2.70 -1.80 -0.90 0.00 0.90 1.80 270 3.60
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Figure 5. (a) Forest plot and (b) funnel plot of the meta-analysis comparing dietary fibre intake in the
prevention of rectal cancer considering only studies with at least 10 years of observation.

3.7. Sub-Group Analysis by Continent

The included studies were conducted in Europe, America and Asia. The analysis including only
studies conducted in Europe obtained a borderline, weak, inverse association with an ES = [0.87
(95% CI = 0.74-1.02), p-value = 0.079)] based on 1,110,491 subjects, with no statistical heterogeneity
(Chi2 =994, df = 8,12 = 19.54%, p-value = 0.269) (Figure 6a). The symmetry of the Funnel plot shows
no potential publication bias, confirmed by Egger’s linear regression test (Intercept -0.91, t = —-0.97,
p = 0.367). When analysing only the studies conducted in America, a significant inverse association
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was found with an ES = [0.64 (95% CI = 0.46-0.87), p-value = 0.005)] based on 1,541,364 subjects.
A moderate statistical heterogeneity was found (Chi2 =19.64, df = 5, 12 = 74.54%, p-value = 0.001)
(Figure 6b). The Funnel plot was symmetrical as confirmed by Egger’s linear regression test (Intercept
—-1.50, t = —0.47, p = 0.663). Considering only the studies conducted in Asia, a borderline, weak,
inverse association with an ES = [0.95 (95% CI = 0.81-1.11), p-value = 0.247)] based on 224,281 subjects,
with moderate statistical heterogeneity (Chi2 =14.20,df = 6, I? = 57.75%, p-value = 0.027) was found
(Figure 6¢). The symmetry of the Funnel plot shows no potential publication bias, confirmed by Egger’s
linear regression test (Intercept 1.76, t = 0.98, p = 0.371).

(a)
ES 95% Cl N
Hansen{a)_2012 1.1 074,186 38852 -
Terry_2001 1.10 0.69,1.76 61463 —
Hansen{b)_2012 097 0.66,1.42 89229 —
Murphy_2012  0.80 0.72,1.14 47732
Vulcan(a)_2015  0.88 0.55,1.42 27931
Dahm_2010 0.82 0.40,1866 264
Bingham_2003  0.80 0.53,1.22 434205
Bingham_2005  0.62 0.44 087 603 ——
Arbman_1992 012 0.02,0.78 28
Overal (random-effects model) 0.87 0.74,1.02 1110491 q
1
(b)
ES 95% CI N
Schatzkin_2007 113 0.84 ,1.51 489611 —l—
Fuchs_1999 063 0.37,1.08 88757 —I:—-
Park(b)_2016 062 0.45,0.86 101769 —-—
Slattery(a) 2004 054 0.34,0.86 1232 —I—v—
Slattery(b)_2004 054 0.29,0.98 945 —I—-—
Park (a)_2016 047 0.35,062 859050 —.—
Owerall (random-effects model) 064 046, 087 1541364 +
1
(9
ES 95% CI N

Uchida_2010  1.24 0.74, 210 1631 —t
VWakai(a)_2007 110 0.58 , 2.07 43115 —

Otani(b)_2005 1.00  0.32,3.30 53538
Otani(aj_2005 095 040,230 47400 E—
Shin_2006 050 040,210 74942 —E
Wakai(a)_2006 072 0.49,61.08 27T ——t
Zhong_2014 038  0.24,080 878 —a—
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1

Figure 6. (a) Forest plot of the meta-analysis considering only studies conducted in Europe, (b) forest
plot of the meta-analysis considering only studies conducted in America and (c) forest plot of the
meta-analysis considering only studies conducted in Asia.
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3.8. Cumulative and Moderator Analysis

The cumulative analysis, shown in Supplementary Figure Sla, revels that early studies, even if
suggesting an inverse association between fibre intake and risk of rectal cancer, had a large 95% ClI,
without statistical significance. However, in the early 2000s, the results started to become stable,
statistically significant and with a narrow 95% CI. Referring to the cumulative analysis for sample size
(Supplementary Figure S1b), small studies with a sample size of less than 2000 subjects did not find
any statistically significant association. A higher number of participants contributed to stabilize the
results thought a reduction of the 95% CI and a confirmation of the ES value.

Considering the year of publication as covariate in the moderator analysis, the results did not
change significantly between the three groups of years, as shown in Supplementary Figure S2.

4. Discussion

This paper reports the results of an extensive systematic review and meta-analysis conducted
using three scientific databases (PubMed/Medline, EMBASE and Scopus). Out of 912 retrieved studies,
18 papers were included in the quantitative and qualitative evaluation; however, because some of them
reported separate data for males and females, the whole sample was based on 22 databases. The original
papers included in the analysis were mainly studies conducted in western countries, while six were
performed in Asia (the subgroup analysis by continent shows a higher inverse association in studies
conducted in western countries compared to the Asiatic studies). The findings from this systematic
review and meta-analysis suggest that dietary fibre intake could be protective against rectal cancer,
with a clinically relevant reduction of rectal cancer risk [ES = 0.77 (95% CI = 0.66-0.89)]. The consistency
of this result has been confirmed after removing studies using same cohort population. The subgroup
analysis by gender shows a higher protective effect for males, compared to females, although this
could be due to the different sample size between the two groups: in fact, the analysis conducted
among males involved a total of 1,479,569 men, compared to 495,222 females. Furthermore, the highest
strength of the association between dietary fibre intake and rectal cancer was found focusing on
case-control studies. This could be due to the natural history of rectal cancer, characterized by a long
latency, which is better appraised using a case-control study design. Nevertheless, case-control studies
are more prone to potential recall bias; however, the high number of participants included and the
time frame of observation might mitigate this disadvantage. On the contrary, cohort studies are more
prone to selection bias, and maintaining a follow up might be difficult, especially in studies where
the outcome requires a long duration of the follow-up [34]. Because of the above-mentioned aspects,
studies included in this meta-analysis reported mixed findings between dietary fibre intake and rectal
cancer risk. Nevertheless, not all the studies included had a large sample size and long follow-up
time to examine dietary associations: as a matter of fact, when we performed the sub-group analysis,
restricted to studies with at least 10 years of observation, the risk reduction was higher.

Even though dietary fibre is resistant to human enzyme digestion, it does not pass through the
intestinal tract without any effects. The protective effect of dietary fibre and the risk of developing rectal
cancer have to be ascribed both to physical mechanisms and prebiotics effects. The gut microbiota is
able to metabolize some toxic food compounds (for instance heterocyclic amines), which can be directly
bound or transformed into less noxious elements, thus reducing the cancerogenic risk for the host’s
intestinal epithelium. In addition to this, flourishing evidence shown a relationship between dietary
fibre structure and fermentation rate. It seems that the fermentation rate is modified by the type and
mixture of dietary fibres ingested. In particular, fast-fermenting fibres, (i.e., fibres from citrus) delay the
fermentation of other gut bacteria [35], due to a hierarchical preference in gut bacteria’s fermentation
ability [36]. This hierarchical preference affects the fermentation rate, that helps the fibres to reach the
distal part of the intestinal tract, allowing them to perform their biological effect in the rectum [37].
This aspect is particularly important in terms of rectal cancer risk. Moreover, stimulating the formation
of short-chain fatty acids (SCFA), such as butyrate and acetate, from fermentation by intestinal bacteria,
might stimulate the hepatic detoxification process [8]. Moreover, because dietary fibres mainly came
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from fruits, vegetables and pulses, they might release bioactive compounds such as phenols [38].
Some evidence also suggests a potential negative effect played by gut microbiota. This happens
mainly in case of dysbiosis (alteration of microbiota), during which pathogenic microorganisms are
isolated [39]. Dysbiosis has been associated with several diseases, including colorectal cancer [40].
Since colon and rectal cancers are mostly addressed together as colorectal cancer, only a limited amount
of data related to dysbiosis in colon and rectal cancers separately is available.

However, recent studies showed a different microbiota impairment in colon or rectal cancer. Indeed,
a reduction of Lactobacillaceae was related to colon cancer, while a reduction in Bifidobacteriaceae
abundance and a significant increase of the genus Alistipes, Akkermansia, Halomonas and Shewanella were
related to rectal cancer [41,42]. The role of Bifidobacteriaceae in protecting and maintain gut microbial
environment is well established [43]. Thus, a loss in Bifidobacterium abundance seems to result in
a decreased competition against pathogens, impaired immune modulation function, impaired fibre
fermentation with loss in production of acetate and a decreased synthesis of folate that might contribute
to chromosomal instability [43,44].

Therefore, intestinal health is based on the balance between host’s diet and pool of commensal
microorganisms. The microbiota profile varies largely between individuals and, even though the
healthy microbiota has not been completely defined yet, evidence has confirmed the impact of diet
on this [45]. Albeit, the above-mentioned considerations are applicable for both colon and rectum,
which have different underlying physiological functions. The rectum is much more exposed to
genotoxic and cytotoxic damages due to the longer transit time compared to the colon, and to the faecal
mass storage before expulsion through defecation. Moreover, the water content (and therefore the
toxins/nutrients concentrations) varies as well, the rectal bulk being more compact and less hydrated.

Strengths and Limitations of the Study

Before generalizing the results of this meta-analysis, some aspects need to be taken into
consideration. Dietary fibre intake was mainly assessed through questionnaires, and even if FFQ
is a consolidated method, not all the included studies used a validated questionnaire. Moreover,
using an FFQ, recall bias cannot be excluded, while the food diary and the 24-hour recall are
gold-standard tools. However, because the food intake is mainly self-reported, regardless of the
instrument used, social desirability bias cannot be eliminated. Because of recall and social desirability
bias, misclassification or under/over-reporting of fibre intake might result in a modified grade
of association. Furthermore, no information on processing methods are reported in the original
studies, and according to recent evidence, the processing method is associated with alteration of
fibre microstructure that in turn is associated with changes in biological effects [46,47]. All the
above-mentioned limits are mainly due the primary study design, and even if we conducted a risk
of bias evaluation and several adaptations (for instance, groups analysis and adjusted risk), it is not
possible to estimate the impact of this potential misclassification. Furthermore, in the moderator
analysis, it was not possible to choose other covariates, such as age or the amount of fibre intake,
because they were not uniform through the original studies. Another possible limitation of this
meta-analysis is the fact that only studies published in English were included, even though this is the
universal language of the scientific community and the most relevant articles are published in English.
However, the absence of publication bias found, leads us to think that no relevant studies are missed.
In spite of this, this review and meta-analysis has some strengths, starting from the large number of
participants (2,876,136), including both women and men, and the wide range of age (20-93 years old).
Moreover, in our meta-analysis, the rectal cancer estimated risks were adjusted for confounders such
as BMI, smoking behaviour, gender, age, and continent where the studies were performed. Lastly,
the subgroup analysis was conducted not only for study design, but also for duration of the study
and gender. As a matter of fact, the knowledge on intervention effectiveness in different subgroups
is particularly important for decision-makers in Public Health. Particularly, men have a higher risk
of colorectal cancer compared to women, and at the same time—in this meta-analysis—men represent
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the group for which fibre intake plays a significantly protective effect. However, due to the low
number of women included in this type of evaluation, further epidemiological studies are needed
to corroborate these results. To the best of our knowledge, this is the first systematic review and
meta-analysis selectively assessing the association between dietary fibre intake and risk of rectal cancer.
Moreover, we estimated the effect separately for both sexes. In addition, the use of a pre-defined
data extraction form and the extraction process performed independently by two reviewers, not only
increased the validity and reliability of this study, but also reduced the risk of bias. Lastly, because of
the low/moderate level of heterogeneity and the absence of publication bias, we can consider the
systematic review and meta-analysis widely exhaustive.

5. Conclusions

In conclusion, our findings confirm the potential beneficial association between dietary fibre
consumption and a reduced risk of colon cancer, particularly in men. Nutritional educational
programmes should be improved in order to educate people on the major impact of diet on health and
on the potential beneficial effects of having a healthy diet.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/7/1579/s1,
Table S1: Detailed inclusion/exclusion criteria, according to PICOS statement extended with language and time
filter; Table S2: Quality evaluation of included studies (Low, Unclear, High); Figure Sla: Forest plot of the
cumulative analysis for year of publication; Figure S1b: Forest plot of the cumulative analysis for sample size in
prevention of rectal cancer; Figure S2: Forest plot of the moderator analysis for year of publication in prevention
of rectal cancer.
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