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The aim of this systematic review and meta-analysis was to summarize the evidence on the relationship between intake of 12
major food groups, including whole grains, refined grains, vegetables, fruit, nuts, legumes, eggs, dairy, fish, red meat, proc-
essed meat and sugar-sweetened beverages with risk of colorectal cancer (CRC). We conducted a systematic search in PubMed
and Embase for prospective studies investigating the association between these 12 food groups and risk of CRC until April
2017. Summary risk ratios (RRs) and 95% confidence intervals (95% Cl) were estimated using a random effects model for
high vs. low intake categories, as well as for linear and nonlinear relationships. An inverse association was observed for
whole grains (RRsog/a: 0.95, 95% Cl 0.93, 0.97; n =9 studies), vegetables (RR1gog/a: 0.97, 95% Cl 0.96, 0.98; n = 15), fruit
(RR100g/a: 0.97, 95% Cl 0.95, 0.99; n = 16) and dairy (RRyp0g/a: 0.93, 95% Cl 0.91, 0.94; n = 15), while a positive association
for red meat (RR1og/a: 1.12, 95% Cl 1.06, 1.19; n = 21) and processed meat (RRsog/q: 1.17, 95% Cl 1.10, 1.23; n = 16), was
seen in the linear dose-response meta-analysis. Some evidence for nonlinear relationships was observed between vegetables,
fruit and dairy and risk of colorectal cancer. Findings of this meta-analysis showed that a diet characterized by high intake of
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whole grains, vegetables, fruit and dairy products and low amounts of red meat and processed meat was associated with

lower risk of CRC.

Introduction

Worldwide, colorectal cancer (CRC) is the second most com-
mon cancer in women and the third most common cancer in
men. In 2012, around 694,000 men and women died because
of CRC." The etiology is multifactorial, and it has been dem-
onstrated that lifestyle factors, including diet, are associated
with risk of CRC, and thus a healthy diet may play a key
role for prevention. A recent systematic review and meta-
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analysis summarized evidence on dietary factors and risk of
CRC and indicated that higher intake of red and processed
meat was associated with increased risk of CRC, while higher
intake of whole grains, dairy products, vegetable and fish
showed inverse associations with risk.> Previous meta-
analyses pointed out that dietary patterns were also related to
risk of CRC, and mortality among CRC survivors.™ A
“healthy” dietary pattern, characterized by high intake of veg-
etables, fruit, whole grains, olive oil, fish, soy, poultry and
low-fat dairy was associated with decreased risk of CRC,
whereas a “western” diet, characterized by high consumption
of red and/or processed meat, refined grains, sweets, high-fat
dairy products, butter, potatoes and high-fat gravy and low
intake of fruit and vegetables was related to increased risk of
CRC.” Although evidence on single dietary factors and die-
tary patterns in relation to risk of CRC has been summa-
rized, it remains unclear what the optimal intakes of foods or
food groups are that might be associated with strongest
change in risk of CRC. As previously shown, selecting spe-
cific optimal intakes among 12 a priori defined food groups
including whole grains, refined grains, vegetables, fruit, nuts,
legumes, eggs, dairy, fish, red meat, processed meat and
sugar-sweetened beverages (SSB),” can lead to a considerable
change in risk of premature death, cardiovascular disease,
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What’s new?

Food groups and colorectal cancer

Diet is known to affect risk of colorectal cancer (CRC), but what are the optimal intakes of foods remain unclear. In this sys-
tematic review and meta-analysis, the authors investigated the association between 12 a priori-defined food groups and risk
of CRC. Optimal consumption of risk-decreasing foods (6 servings/day of whole grains, vegetables and dairy, and 3 servings/
day of fruits) results in a 56% risk reduction. Consumption of risk-increasing foods of 2 servings/day of red meat, and 4 serv-
ings/day of processed meat associated with a 1.8-fold increased risk. A plant-based diet can thus lead to an important risk

reduction of CRC.

type 2 diabetes and hypertension.®® By analogy, it is of great
importance to account for quality of meta-evidence to make
a conclusion about the relationship between dietary factors
and CRC prevention.

Thus, our aim was to conduct a systematic review on the
12 food groups (whole grains, refined grains, vegetables, fruit,
nuts, legumes, eggs, dairy, fish, red meat, processed meat,
SSB) and risk of CRC. Specifically, we conducted high vs.
low, linear and nonlinear dose-response meta-analyses to
quantify the strengths of the associations between food
groups and risk of CRC, to explore the shape of the relation-
ship, and to provide cut-off values for optimal food intakes
regarding a low CRC risk. Finally, we investigated the quality
of meta-evidence using the established approach of the Nutri-
Grade scoring system.

Methods

The meta-analysis was registered in PROSPERO International
Prospective Register of Systematic Reviews (www.crd.york.ac.
uk/prospero/index.asp, identifier CRD42016037069). This sys-
tematic review was planned and conducted according to the
standards of the Meta-Analysis of Observational Studies in
Epidemiology."’

Study selection

Inclusion criteria were as follows: (1) cohort studies, case—
cohort studies, follow-up of RCTs and nested case—control
studies (case-control study nested in a prospective study); (2)
information about the association for at least one of the fol-
lowing 12 food groups: whole grains/cereals, refined grains/
cereals, vegetables, fruit, nuts, legumes, eggs, dairy products,
fish, red meat, processed meat and SSB (the focus is based
on these 12 food groups since most diet quality indices/score
were based on these,'' ™ as previously reported®); (3) partici-
pants aged >18 years and (4) considering CRC, colon or rec-
tal cancer as outcome.

Search strategy
PubMed and Embase were searched for prospective studies
until April 2017 based on the above defined inclusion crite-
ria, with no restriction to language and calendar date using
the search terms listed in the Supplemental Material 1.

To identify further relevant studies, the reference lists
from the retrieved articles, systematic reviews and meta-

analyses were checked. Two authors (LS, ALP) conducted the
literature search, with disagreement resolved by consensus of
another reviewer (HB).

Data extraction

Two reviewers extracted the following information: name of
first author, year of publication, study origin (country),
cohort name, age at entry, sex, sample size, total cases, die-
tary assessment, outcome, outcome assessment, type and
specification of food group, adjustment factors, study length
(follow-up in years), outcome, quantity of food, risk estimate
(most adjusted measures) (risk ratios (RR), hazard ratios or
odds ratios (OR) with their corresponding 95% confidence
intervals (CIs)).

When a study provided several risk estimates, the multi-
variable adjusted model was chosen. For studies that reported
estimates stratified by sex, or cancer site (colon and rectal),
we used a fixed effect model to combine the estimates for the
primary analysis (CRC).

Risk of bias assessment

We assessed ascertainment of exposure, assessment of out-
come, adequacy of follow-up (>10 years) and adjustment fac-
tors (age, sex education, body mass index, smoking, physical
activity, energy intake) to evaluate the risk of bias of the pro-
spective studies.'* Studies were classified as being at low risk
of bias in general only if none of the domains established a
high or unclear risk of bias.

Statistical analysis

To calculate summary RRs and 95% ClIs for the associations
between CRC and the highest vs. the lowest intake categories
a random effects model was used for each of 12 food groups.
In addition, the meta-analyses,'> incorporated both within
and between study variability. The standard error for the log-
transformed RR of each study was calculated and regarded as
the estimated variance of the log-transformed RR, using an
inverse variance method, to evaluate the weighting of each
study."

The method described by Greenland and Longnecker
was applied for the dose-response analysis and computed
study-specific slopes (linear trends) and 95% CIs from the
natural logs of the RRs and CIs across intake categories of
the 12 food groups. For this method, distribution of cases
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and person-years or non-cases and the RRs with the 95% CI
for at least three quantitative exposure categories is required.

The Q test and the I* statistic (with a value of I* >50%
considered to represent potentially important statistical het-
erogeneity'®) was used to explore heterogeneity between
studies.

If at least 10 studies were available, we explored potential
small-study effects such as publication bias by using Egger’s
test and funnel plots.'” Stata version/SE 14.2 software (Stata-
Corp, College Station, TX) and Review Manager 5.3 (Nordic
Cochrane Centre, Copenhagen, Denmark) were used to con-
duct statistical analyses.

Quality of meta-evidence

The NutriGrade scoring system was applied to evaluate the
trustworthiness of meta-evidence for the association between
12 pre-defined food groups and risk of CRC (max 10
points).'* Please review Supplemental Material 2 for detailed
description of statistical analysis, risk of bias- and quality of
meta-evidence assessment.

Results

Out of the 6,365 records which were identified by the litera-
ture search, 129 full text articles were assessed in detail as
they reported on at least one of the twelve foods groups and
CRC, colon or rectal cancer in the title/abstract (Fig. 1, Sup-
plemental Material 3).

Eleven prospective studies (11 reports) were included in
the meta-analyses for consumption of whole grains (Supple-
mental References 48-58), 3 studies (3 reports) for refined
grains (Supplemental References 51, 54, 58), 23 studies for
vegetables (25 reports) (Supplemental References 49, 52-54,
56, 57, 59-77), 21 studies for fruits (24 reports) (Supplemen-
tal References 49, 52-54, 56-70, 72-76), 7 studies for nuts (7
reports) (Supplemental References 49, 65, 71, 78-81), 14
studies for legumes (14 reports) (Supplemental References 59,
60, 65, 66, 68, 71, 72, 75, 76, 81-85), 5 studies for egg con-
sumption (4 reports) (Supplemental References 54, 86-88),
20 studies for dairy products (21 reports) (Supplemental
References 49, 52-54, 58, 59, 62, 71, 87, 89-100), 25 studies
for fish (25 reports) (Supplemental References 7, 53, 54, 59,
62, 83, 91, 101-118), 28 studies for red meat (28 reports)
(Supplemental References 7, 53, 59, 60, 62, 71, 86, 87, 99,
101, 102, 105, 107, 111, 113, 116, 119-130), 22 studies for
processed meat (23 reports) (Supplemental References 7, 53,
60, 62, 91, 101, 102, 105, 107, 109, 111, 113, 116, 120, 122,
123, 125-131) and 3 studies for SSB (2 reports) (Supplemen-
tal References 49, 132) (Supplemental Tables S2-S13, Supple-
mental Material 4).

Whole grains

Ten studies with 9,223 CRC cases were included in the high
vs. low intake meta-analysis (overall intake range: 0-374 g/d).
Comparing extreme categories, an inverse association
between risk of CRC and whole grain intake was observed

Int. J. Cancer: 00, 00-00 (2017) © 2017 UICC

(RR: 0.88; 95% CI 0.83, 0.94, I = 35%, Pheterogencity = 0.13)
(Supplemental Fig. S1). Each additional daily 30 g of whole
grains was inversely associated with CRC risk (RR: 0.95; 95%
CI 0.93, 0.97, I =158%, Pheerogencity = 0.02, n=9) (Supple-
mental Fig. S2). The inverse association was confirmed in
additional analyses stratified by sex (no association for men),
follow-up length, geographic location, number of cases, die-
tary assessment method (Supplemental Table S14) and com-
paring colon and rectal cancer (Supplemental Figs. S3 and
S4). These subgroup-differences were not statistically signifi-
cant, with the exception for geographic location, showing a
stronger inverse association for studies conducted in North
America.

There was significant evidence for small study effects in
the high vs. low meta-analysis (p = 0.07). Furthermore, there
was no evidence of a nonlinear dose-response association
(Prontinearity P =0.16, n=7 studies). The risk of CRC
decreased by 20% with increasing intake of whole grains up
to ~120 g/d (Fig. 2).

Refined grains

Two studies with 900 CRC cases were included in the high
vs. low intake meta-analysis (overall intake range: 15-585 g/
d). No association was observed for the highest vs. lowest
refined grain intake category (RR: 1.46; 95% CI 0.80, 2.67,
P =71%, Pheterogeneity = 0.06)  (Supplemental Fig. §5). No
studies were available to conduct linear dose-response meta-
analysis, and nonlinear dose-response analyses. In a subgroup
analysis a positive association was observed for colon cancer
(high vs. low: RR: 1.27; 95% CI 1.02, 157, I’=0%,
Pheterogeneity = 0.89) (Supplemental Fig. $6).

Vegetables

Twenty studies with 20,490 CRC cases were included in the
high vs. low intake meta-analysis (overall intake range: 0-
972 g/d). A small inverse association was observed for the
high vs. low (RR: 0.96; 95% CI 0.92, 1.00, F=17%,
Pheterogencity = 0.24) (Supplemental Fig. S7) and for the dose-
response meta-analysis (RR per 100 g/d: 0.97; 95% CI 0.96,
0.98, I’ = 0%, Pheterogeneity = 0.64, n=15) (Supplemental Fig.
S8).

The small inverse association persisted largely in addi-
tional analyses stratified by sex, follow-up length, geographic
location, number of cases and dietary assessment (Supple-
mental Table S16). No important evidence of heterogeneity
was detected between subgroups in stratified analyses. In
additional subgroup analyses, the inverse association was
observed only for colon, but not for rectal cancer (Supple-
mental Figs. S9 and S10).

There was no significant evidence for small study effects,
both in the high vs. low (p = 0.22) and dose-response analysis
(p=10.89). Visual inspection of the funnel plot (dose-
response analysis) suggests moderate symmetry (Supplemen-
tal Fig. S11). There was evidence of a nonlinear dose-
response association (Prontinearity=0.01, 7 =14 studies): risk
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Records identified through database
searching: (until April 2017)
PubMed (n=2686)

Embase (n=3495)

Records screened (n= 6365) |

Food groups and colorectal cancer

Additional records identified through
other sources (n=184)

Records excluded after title/abstract

Full-text articles assessed for eligibility
(n=129)

screening: (n=6236)

Full-text articles excluded,
with reasons (n=43):
* Longer-term follow-up

Reports included in quantitative synthesis
(meta-analysis); n= 86

= Whole grains (n=11 studies):
*+ (n=10CRC); (n=7C); (n=5R)

* Refined grains (n=3 studies)
* (n=2 CRC); (n=2 C); (n=1R)

« Vegetables (n=23 studies)
* (n=20 CRC); (n=15C); (n=11 R)

= Fruits (n=21 studies)
* (=19 CRC); (n=15C); (n=11R)

» Nuts (n=7 studies)
+ (n=6 CRC); (n=3C); (n=2R)

* Legumes (n=14 studies)
* (n=11 CRC); (n=6 C); (n=3 R)

» Eggs (n=5 studies)
* (n=4 CRC); (n=3 C); (n=3 R)

= Dairy (n=20 studies)
* (n=18 CRC); (n=11C); (n=7 R)

» Fish (n=25 studies)
*  (n=21CRC); (n=12 C); (n=14 R)

+ Red meat (n=28 studies)
* (n=25CRC); (n=19C); (n=15R)

* Processed Meat (n=22 studies)
* (n=18 CRC); (n= 11 C); (n=12R)

+ Sugar sweetened beverages (n=3 studies)
* (n=2 CRC); (n=1 C); (n=NA)

available (n=13)

= Not relevant exposure/
outcome (n=28)

= Large overlap with EPIC
study (n=1)

= Not relevant study design
(n=1)

Figure 1. Flow chart of study selection. CRC, colorectal cancer; C, colon; R, rectum.

reduction of CRC was observed across the whole range of
vegetable intake, with the strongest risk reduction (by 7%) up
to ~200 g/d (Fig. 2).

Fruit

Nineteen studies with 20,148 CRC cases were included in the
high vs. low intake meta-analysis (overall intake range: 4-
1,384 g/d) resulting in an inverse association (RR: 0.93; 95%

CI 0.88, 0.98, I’ =49%, Pheterogeneity <0.01) (Supplemental
Fig. S12). Each additional daily 100 g of fruits was inversely
associated with CRC (RR: 0.97; 95% CI 0.95, 0.99, I = 61%,
Pheterogeneity < 0.001, 1= 16) (Supplemental Fig. S13).

The inverse association was not observed in Asian and
Australian studies, and studies including only women (Sup-
plemental Table S17). However, no evidence of heterogeneity
was detected between subgroups in stratified analyses. In

Int. J. Cancer: 00, 00-00 (2017) © 2017 UICC
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Figure 2. Nonlinear dose-response relationship between daily intakes of whole grains (p = 0.16), vegetables (p = 0.01), fruits (p = 0.01),
nuts (p = 0.58), legumes (p = 0.84), eggs (p = 0.55), dairy (p = 0.06), fish (p = 0.38), red meat (p = 0.25) and processed meat (p = 0.40)
and risk of colorectal cancer. [Color figure can be viewed at wileyonlinelibrary.com]

additional subgroup analyses, the inverse association was response association (Pnonlincarity=0.01, 1 = 14 studies), with
observed for colon and for rectal cancer (Supplemental Figs. strongest risk reduction of CRC (by approximately 8%) with
S14 and S15). increasing fruit intake up to ~200 g/d. Little additional bene-
There was no significant evidence for small study effects, fit for increasing intake is apparent above this value (Fig. 2).

in the high vs. low (p=0.14) and dose-response analyses

(p=10.22). Visual inspection of the funnel plots (dose- Nuts

response analysis) suggests moderate symmetry (Supplemen-  Six studies with 7,283 CRC cases were included in the high
tal Fig. S16). There was indication of a nonlinear dose- vs. low intake meta-analysis (overall intake range: 0-22 g/d).
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No association was observed for the highest vs. lowest nut
intake category (RR: 0.96; 95% CI 0.90, 1.02, P = 4%,
Pheterogeneity = 0.39) (Supplemental Fig. S17), or for each addi-
tional daily 28 g (RR: 0.96; 95% CI 0.76, 1.21, I* = 25%,
Pheterogencity = 0.26, n=4) (Supplemental Fig. §18). In an
additional subgroup analysis, we observed an inverse associa-
tion for colon, but not for rectal cancer (Supplemental Figs.
S$19 and S20).

There was no association in any of the additional stratified
analyses (Supplemental Table S18). There was no evidence of
a nonlinear dose-response association (Ppontincarity=0.58,
n =3 studies) (Fig. 2).

Legumes

Eleven studies with 12,508 CRC cases were included in the
high vs. low intake meta-analysis (overall intake range: 0-
173 g/d). No inverse association was observed for the highest
vs. lowest legume intake category (RR: 0.99; 95% CI 0.92,
1.06, I’ = 23%, Pheterogeneity = 0.23) (Supplemental Fig. S21),
or for each additional daily 50 g (RR: 1.00; 95% CI 0.92,
1.08, I =150%, Pheterogencity = 0-04, n=10) (Supplemental
Fig. $22).

There was no association in any of the additional stratified
analyses (Supplemental Table S19, Supplemental Figs. S23
and S24). No evidence for small study effects was detected in
the high vs. low analysis (p = 0.18) and dose-response analy-
sis (p = 0.59) (Supplemental Fig. S25). No evidence of a non-
linear dose-response association was observed (Pnonlinearity=
0.84, n =9 studies) (Fig. 2).

Eggs
Four studies with 598 CRC cases were included in the high-
est compared to the lowest intake category analysis (overall
intake range: 0-73 g/d). A positive association was observed
for the highest vs. lowest egg intake category (RR: 1.35; 95%
CI 1.11, 1.66, I> = 0%, Pheterogencity = 0.97) (Supplemental Fig.
$26), but the finding for each additional daily 50 g egg intake
was not statistically significant (RR: 1.18; 95% CI 0.89, 1.56,
I? = 0%, Pheterogeneity = 0.96, n = 3) (Supplemental Fig. $27).
There was no association in any of the additional stratified
analyses (Supplemental Table S20, Supplemental Figs. S28
and S29). There was no evidence of a nonlinear dose-
response (pnonlinearity = 055: n=3 StUdies)
(Fig. 2).

association

Dairy

Eighteen studies with 16,910 CRC cases were included in the
highest compared to the lowest intake category meta-analysis
(overall intake range: 0-1,700 g/d). A strong inverse associa-
tion was observed (RR: 0.83; 95% CI 0.76, 0.89, I*=61%,
Pheterogeneity < 0.001) (Supplemental Fig. S30) for the high vs.
low, and for each additional daily 200 g of dairy products
(RR: 0.93; 95% CI 091, 0.94, I = 0%, Pheterogeneity = 0.64,
n=15) (Supplemental Fig. S31).

Food groups and colorectal cancer

The observed inverse association persisted largely in addi-
tional analyses stratified by sex, length of follow-up, geo-
graphic location and number of cases. The inverse
associations were not observed in studies conducted in Asia
and Australia, and also not in studies applying non-validated
dietary assessment methods. No significant heterogeneity was
observed between the subgroups. Both low and high-fat dairy
products showed an inverse association for CRC risk (Supple-
mental Table S21). In additional subgroup analyses, we
observed a stronger inverse association for colon compared
to rectal cancer (Supplemental Figs. S32 and S33).

There was no evidence for small study effects in the in
the high vs. low analysis (p =0.17) and dose-response meta-
analysis (p =0.66). Visual inspection of the funnel plots
(dose-response analysis) suggests moderate symmetry (Sup-
plemental Fig. S34). There was some indication of a nonlin-
ear dose-response association between dairy products and
risk of CRC (Prontinearity=0.06, n =13 studies). The risk of
CRC decreased by approximately 17% with increasing intake
of dairy up to ~400 g/d. Additional benefit for increasing
intake is apparent above this value (Fig. 2).

Fish

Twenty-one studies with 19,996 CRC cases were included in
the highest compared to the lowest intake category meta-
analysis (overall intake range: 0-280 g/d). A trend for an
inverse association was observed for the highest vs. lowest
fish intake category (RR: 0.96; 95% CI 0.90, 1.01, I =20%,
Pheterogeneity = 0.21) (Supplemental Fig. $35), and for each
additional daily 100 g (RR: 0.93; 95% CI 0.85, 1.01, > = 12%,
Pheterogeneity = 0.32, 1= 16) (Supplemental Fig. $36).

We observed significant heterogeneity in subgroups strati-
fied for gender, showing an inverse association for men, but
not for women (Supplemental Table S22). Moreover, an
inverse association was observed for studies conducted in
Europe, for long-term studies, and studies with >1,000 cases.
In additional subgroup analyses, the test for subgroup differ-
ence comparing colon and rectal cancer was not significant
(Supplemental Figs. S37 and S38).

No evidence for small study effects was observed in the
high vs. low (p=0.90) and dose-response meta-analysis
(p =0.91). Visual inspection of the funnel plot suggests mod-
erate symmetry (Supplemental Fig. S39). There was no evi-
dence of a nonlinear dose-response association (Prontinearity
p=0.38, n=15 studies) (Fig. 2).

Red meat

Twenty-five studies with 22,286 CRC cases were included in
the high vs. low intake meta-analysis (overall intake range: 0-
203 g/d). A positive association was observed in the high vs.
low intake meta-analysis (RR: 1.12; 95% CI 1.06, 1.18,
PP =31%, Pheterogeneity = 0.08) (Supplemental Fig. $40). Each
additional daily 100 g of red meat was positively associated
with risk of CRC (RR: 1.12; 95% CI 1.06, 1.19, I =27%,
Pheterogeneity = 0.13, 1= 21) (Supplemental Fig. S41).

Int. J. Cancer: 00, 00-00 (2017) © 2017 UICC
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The observed positive associations persisted in additional
analyses stratified by follow-up length, geographic location,
and number of cases, dietary assessment method, and colon
and rectal cancer. Stronger associations were observed for
studies conducted in Asia and Australia, compared to Europe
and North America (Supplemental Table S23, Supplemental
Figs. S42 and S$43).

There was no evidence of small study effects in the in
high vs. low intake (p =0.20) or in the dose-response meta-
analysis (p = 0.62). Visual inspections of the funnel plots sug-
gest symmetry (Supplemental Fig. S44). There was no evi-
dence of a nonlinear  dose-response  association
(Prontinearity=0.25, 7 = 20 studies). The risk of CRC increased
by approximately 20% with increasing intake of red meat up
to ~150 g/d (Fig. 2).

Processed meat

Eighteen studies with 20,283 CRC cases were included in the
high vs. low intake meta-analysis (overall intake range: 0-
122 g/d). A positive association was observed in the high vs.
low intake meta-analysis (RR: 1.14; 95% CI 1.06, 1.21,
I =22%, Pheterogeneity = 0.20) (Supplemental Fig. $45). Each
additional daily 50 g of processed meat was associated with
an increased risk of CRC (RR: 1.17; 95% CI 1.10, 1.23,
P = 6%, Pheterogencity = 0.39, 1 = 16) (Supplemental Fig. S46).

The observed positive associations persisted in additional
analyses stratified by sex, follow-up length, geographic loca-
tion, and number of cases, dietary assessment, and colon and
rectal cancer (Supplemental Table S24, Supplemental Figs.
S47 and S48). Stratified by sex, only studies conducted in
women maintained the observed positive association.

There was no evidence of small study effects in the in
high vs. low intake (p = 0.78) and dose-response meta-analy-
sis (p =0.66). Visual inspections of the funnel plot suggest
moderate symmetry (Supplemental Fig. S49). There was no
evidence of a nonlinear dose-response  association
(Prontinearity=0.40, 1 = 16 studies). The risk of CRC increased
by approximately 20% with increasing intake of processed
meat up to ~60 g/d (Fig. 2).

Sugar sweetened beverages

Two studies with 2,464 CRC cases were included in the high
vs. low intake meta-analysis (overall intake range: not
reported). No association between CRC and SSB was
observed in the linear dose-response meta-analysis (equal to
high vs. low intake meta-analysis) (RR: 1.09; 95% CI 0.97,
1.22, I = 46%, Pheterogencity = 0.18, 1 =2) (Supplemental Fig.
S50). No studies were available to conduct nonlinear dose-
response analysis.

Summary across food groups

Table 1 shows the RR for CRC from nonlinear dose-response
analysis of the 12 predefined food groups according to serv-
ings/day. Optimal consumption (lowest serving with signifi-
cant results and no further substantial change in risk or no
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further data for higher amounts) of risk-decreasing foods (6
servings/d of whole grains, RR = 0.77; 6 servings/d of vegeta-
bles, RR = 0.90; 3 servings/d of fruit, RR =0.91; 6 servings/d
of dairy, RR =0.70) results in a 56% reduction compared to
non-consumption of these foods. The combined amounts of
these food groups are quite high, and mark only the theoreti-
cal “optimal” consumption for all four food groups. The
highest reduction in risk of CRC in terms of servings could
be observed for dairy; 1,200 g/d (6 servings/d) was associated
with a 30% reduction in risk compared to non-consumption
of this food group. We could further calculate that a con-
sumption of risk-increasing foods of 2 servings/d of red meat
(170 g, RR=1.27), and 4 servings/d of processed meat
(120 g, RR = 1.40), is associated with a 1.8-fold increased risk
(RR} reased) cOompared to non-consumption. Not consuming
these foods would reduce the risk of CRC by about 44%.

Risk of bias

The results varied little by methodological assumption,
including only studies with a low risk of bias (Supplemental
Tables S14-S25). Findings including studies with low risk of
bias suggest no inverse association between fruit (n =5) and
risk of CRC in the linear dose-response meta-analysis, but a
stronger inverse association for each additional 100 g/d of
fish. However, including only lower risk of bias studies
showed a smaller but persistent positive association between
red and processed meat and risk of CRC.

Quality of meta-evidence

We rated the quality of meta-evidence for the 12 food
groups. Our confidence in the linear dose-response effect
estimates was rated according to the NutriGrade recommen-
dation as “very low” for nuts and eggs, “low” for legumes
and SSB, and “moderate” for whole grains, vegetables, fruits,
dairy, fish, red meat and processed meat (Supplemental Table
S26).

Discussion

In this systematic review and meta-analysis we investigated
the association between 12 a priori defined food groups
(whole grains, refined grains, vegetables, fruit, nuts, legumes,
eggs, dairy, fish, red meat, processed meat, SSB) and risk of
CRC, conducting high vs. low, linear and nonlinear dose-
response meta-analyses. We identified a reduced risk of CRC
with high intake of whole grains, vegetables, fruit and dairy,
while increased intake of red meat and processed meat was
associated with higher risk of CRC. A positive association
between egg consumption and risk of CRC was observed in
high vs. low, but not in dose-response meta-analysis, and for
the intake of nuts, a decreased risk was observed for colon
cancer only. No statistically significant associations were
observed for refined grains, legumes, fish and SSB regarding
risk of CRC. Evaluating the meta-evidence by the NutriGrade
tool, we observed moderate confidence in the effect estimates
for CRC and whole grains, vegetables, fruit, dairy, fish, red
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Food groups and colorectal cancer

Table 1. Relative risks from nonlinear dose-response analysis of 12 pre-defined food groups and colorectal cancer risk according to intakes

of servings/day

Food group Risk ratio (RR), 95% ClI
Inverse association
Servings per day 0 1 2 3 4 5 6
Whole grains 1.00 0.91 0.88 0.84 0.81 0.79 0.77
(n=7 studies) (0.89-0.96) (0.82-0.93) (0.78-0.90) (0.75-0.87) (0.73-0.85) (0.70-0.85)
(1 serving=30 g/d)
Vegetables 1.00 0.97 0.94 0.92 0.91 0.91 0.90
(n =14 studies) (0.95-0.98) (0.91-0.97) (0.88-0.96) (0.87-0.95) (0.87-0.95) (0.86-0.94)
(1 serving =80 g/d)
Fruit 1.00 0.96 0.92 0.91 0.91 0.91 0.91
(n =14 studies) (0.94-0.98) (0.89-0.96) (0.87-0.95) (0.87-0.95) (0.86-0.95) (0.86-0.95)
(1 serving =80 g/d)
Dairy 1.00 0.91 0.83 0.79 0.75 0.72 0.70
(n =13 studies) (0.88-0.93) (0.80-0.87) (0.75-0.83) (0.70-0.79) (0.66-0.78) (0.63-0.78)
(1 serving =200 g/d)
Positive association
Red meat 1.00 1.10 1.27 NA NA NA NA
(n =20 studies) (1.06-1.15) (1.17-1.37)
(1 serving =85 g/d)
Processed meat 1.00 1.11 1.20 1.29 1.40 NA NA
(n =16 studies) (1.06-1.16) (1.12-1.28) (1.16-1.43) (1.20-1.63)
(1 serving =30 g/d)
No association
Nuts 1.00 0.92 NA NA NA NA NA
(n = 3 studies) (0.69-1.23)*
(1 serving =28 g/d)
Legumes 1.00 0.99 0.97 NA NA NA NA
(n=9 studies) (0.92-1.06) (0.82-1.14)
(1 serving =100 g/d)
Fish 1.00 0.95 NA NA NA NA NA
(n =15 studies) (0.87-1.03)
(1 serving=100 g/d)
Eggs 1.00 1.23 NA NA NA NA NA
(n =3 studies) (0.90-1.68)
(1 serving =55 g/d)
Not applicable
Refined grains 1.00 NA NA NA NA NA NA
(n = 0 studies)
(1 serving =30 g/d)
SSB 1.00 NA NA NA NA NA NA

(n =0 studies)

(1 serving =250 ml/d)

Abbreviation: NA, not applicable

(no data/studies available to calculate nonlinear relations).

1This value refers to a two-thirds serving

(18 g).

meat and processed meat, low confidence for legumes and
SSB, and very low confidence for nuts and eggs.

These findings are in line with previous reports. A recent
meta-analysis from the WCRF-AICR CUP summarized evi-
dence for the association between food groups and risk of
CRC and indicated that high intake of whole grains, dairy,
vegetables and fish was associated with decreased risk of
CRC, and high intake of red and processed meat was related

to increased risk.> Compared to the WCRF-AICR CUP (liter-
ature search through May 2015) we were able to identify
additional studies which have been published after that date
(n=3 for whole grains; n=4 for vegetables, n =3 fruits,
n=5 for dairy products, n =6 for legumes, n=>5 for fish
and n =6 for red and processed meat). We meta-analyzed
the association between refined grains, nuts, eggs and SSB
with colorectal cancer risk, which was not been reported by
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the WCRF-AICR CUP, and we rated the credibility of meta-
evidence for these 12 food groups. Moreover, we calculated
the combined risk reduction potential for optimal intake val-
ues of risk-reducing or risk-increasing foods in our meta-
analysis.

In this previous meta-analysis, there was no statistically
significant association between fruit intake and risk of CRC
(based on 13 studies). In our dose-response analysis, we
included 16 studies on fruit intake and CRC and identified
an inverse association. Although the association was not very
strong, these findings add to the current knowledge that a
high intake of fruit might contribute to prevention of CRC.
As regards fish consumption, the previous meta-analysis has
shown an inverse relationship between fish intake and risk of
CRC, which was however mostly driven by one study.>*’ In
our report, more studies were included and we did not
observe a statistically significant association between fish
intake and risk of CRC.

The findings on egg consumption and risk of CRC were
not clear in our analysis. While we observed a positive signif-
icant association in the high vs. low meta-analysis, results
were not significant in the dose-response analysis. However,
the analysis was based on a small number of studies (4 stud-
ies in the high vs. low and 3 studies in the dose-response
analysis) and the confidence of meta-evidence was very low.
Thus, the findings should be interpreted with caution. More-
over, we identified nonlinear relationships between intake of
vegetables, and fruit with risk of CRC. Risk reduction was
observed among the whole range of these food groups, how-
ever the strongest associations were detected for intake of
vegetables as well as for fruit up to approximately 200 g per
day.

Our findings were robust across subgroups, with few
exceptions. There was indication that the associations for
intake of vegetables and dairy products were stronger for
colon than for rectal cancer. In addition, for colon cancer,
intake of nuts was related to reduced risk, while a positive
association was observed for refined grains. However, find-
ings on refined grains and nut intake with colon cancer
should be interpreted carefully because both meta-analyses
were based on few studies (3 studies for nut intake and 2
studies for intake of refined grains), and quality of meta-
evidence was very low for nut intake and not possible to
assess for consumption of refined grains (since no studies
were available for the dose-response meta-analysis). In this
context, previous studies have shown that also other lifestyle
or lifestyle related factors, including physical activity, smok-
ing, weight gain and obesity, were stronger related to colon
than to rectal cancer indicating that lifestyle factors play an
important role, particularly in the etiology of colon
cancer.”'**

Moreover, it is evident that analyses of single nutrients,
foods or food groups does do not account for the complexity
and the potential interaction between different components
regarding the whole range of the diet-diseases association.””

Int. J. Cancer: 00, 00-00 (2017) © 2017 UICC

Meta-analyses, investigating the relationship between dietary
patterns and risk of CRC, reported that a “healthy” diet char-
acterized by high intake of fruit, vegetables, whole grains,
olive oil, fish, soy, poultry and low-fat dairy was associated
with a 20-25% decreased risk of CRC, while the “Western”
dietary pattern, characterized by high intake of red and proc-
essed meat was associated with a 20-40% increased risk of
CRC*?® with stronger associations for colon cancer com-
pared to rectal cancer.*

The mechanisms relating diet with CRC are complex and
still poorly understood. A diet with high intake of whole
grains, fruit and vegetable is accompanied by intake of lower-
energy-density foods and lower intake of foods with high gly-
cemic index, glycemic load and fat, which has been shown to
be related to decreased risk of obesity””*® and diabetes® -
both identified risk factors for CRC.*

Nonetheless, studies that controlled for obesity and diabe-
tes reported that associations persisted in adjusted analyses.
Further possible explanations for the reduced risk of CRC
and intake of these food groups might be driven by the high
content of fiber, including also resistant starch, oligosacchar-
ides, and lignins, which are related to increased stool mass,
decreasing colonic transit time, prebiotic effects such as
action of bacterial enzymes, and fecal bile acid concentration,
and are suggested to play a role in colorectal carcinogene-
sis.>"?* Moreover, whole grains, fruits and vegetables are a
source of minerals (e.g., magnesium), and particularly fruit
contains a wide range of antioxidant vitamins, flavonoids and
carotenoids, and studies suggested a potential protective role
against CRC.*

The mechanism by which dairy products decrease the risk
of CRC might be complex. Dairy products include various
foods with different contents of carbohydrates, protein, fatty
acids, calcium, conjugated linoleic acid (CLA). Furthermore,
intakes and composition vary also between region and coun-
tries.>*?> One hypothesis for protective effects in CRC risk,
might be the main factor responsible for this association. A
systematic review and meta-analysis on calcium intake and
risk of CRC showed that both dietary and supplementary cal-
cium intake were related to decreased risk of CRC.*® Studies
in animals and in humans have shown that calcium is
involved in the regulation of cell proliferation, differentiation
and apoptosis in colonic cells.”” Calcium and vitamin D were
shown to stimulate the calcium sensing receptor promoter
activity in colonic cells. In the case of calcium, this was asso-
ciated with a subsequent inhibition of transcription factor-4
as well as an increased expression of E-cadherin. These
changes may promote differentiation and chemo-preventive
effects.’® In addition, dairy products contain other beneficial
components, such, butyric acid and CLA, lactic acid bacteria
from fermented products, lactoferrin and folate, which have
been suggested to inhibit colon carcinogenesis.” Lactoferrin
is a Fe-binding antimicrobial protein which was shown to
reduce inflammatory-related transformations and increase
colorectal cancer mucosal immunity in animal studies.*’
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Experimental studies in mice have shown that CLA, a com-
ponent of dietary fat, may inhibit colonic tumorigenesis in
part through a PPARvy-dependent mechanism, thereby sup-
pressing inflammation and epithelial erosion, and stimulating
the immune response in the gut mucosa.*’ In colon cancer
cell lines, an anti-proliferative effect was recently also
observed for Lactobacillus bacteria isolated form dairy
products.*?

Red and processed meat contains heme iron and multiple
carcinogenic chemicals, for example polycyclic aromatic
hydrocarbons, N-nitroso compounds, and heterocyclic aro-
matic amines.**** The amount of these chemicals in meat
products depends on processing and preparation and these
compounds are suspected to be involved in colorectal carci-
nogenesis. Besides the fact that mutagens link the association
between red or processed red meat and risk of CRC, recent
research indicated that the intestinal microbiota (e.g., Bacter-
oides) might be relevant for colorectal carcinogenesis. How-
ever, more studies are needed that investigate interactions
and potential mechanisms between dietary factors and gut
microbiota regarding CRC risk.*>*¢

Our systematic review has several strengths, and also limi-
tations. The first limitation is that dietary behavior is often
associated with other factors related to risk of CRC, such as
physical activity, smoking, alcohol intake and obesity, and it
might be possible that these factors affect our observations.
Although most of the studies adjusted for these factors, resid-
ual confounding cannot be ruled out. Second, in our meta-
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analyses, we identified weak to moderate heterogeneity
between studies, and methodological aspects were not identi-
fied as a source for heterogeneity. However, after stratifica-
tion for cancer site, heterogeneity between studies was low
for colon cancer, but persisted for rectal cancer. Third, the
meta-analyses on nuts, and on eggs were based on a small
number of studies and meta-evidence was low to very low,
and thus findings for these food groups should be interpreted
with caution.

Among the strengths is the a priori published protocol,
which describes the methods in detail.” In addition, we per-
formed a comprehensive literature search, and included a
large number of studies and cases. To preclude recall and
selection bias we only included prospective studies. Moreover,
we conducted different types of analyses, including high vs.
low intake meta-analysis, linear and nonlinear dose-response
meta-analysis and investigated associations in different sub-
groups and sensitivity analyses. For food groups showing a
nonlinear association with CRC, we described optimal intake
values with the lowest risk. Finally, we assessed the meta-
evidence of each meta-analysis using the NutriGrade scoring
system.

In conclusion, findings of this meta-analysis showed that
a diet characterized by high intake of whole grains, vegeta-
bles, fruit and dairy products and low amounts of red meat
and processed meat was associated with lower risk of CRC.

Thus, a plant-based diet as a modifiable lifestyle factor
should be promoted regarding CRC prevention.
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