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REVIEW

Systematic review and meta-analysis of diet quality and colorectal cancer risk: is
the evidence of sufficient quality to develop recommendations?

Sara Moazzen , Kimberley W. J van der Sloot, Geertruida H. de Bock , and Behrooz Z. Alizadeh

Department of Epidemiology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands

ABSTRACT
The quality of existing evidence about the impact of diet quality on colorectal cancer (CRC) risk
has only rarely been assessed. In the current review, we searched PubMed, EMBASE, Web of
Science, Cochrane, and the resulting references (up to January 2020) for studies that evaluated
the role of high diet quality by extreme dietary index categorization and the risk of CRC. Two
researchers independently performed the study selection, data extraction, and quality assessment.
We then applied a random-effects meta-analysis to estimate the pooled odds ratios (ORs) and
95% confidence intervals (CIs) for CRC at the extremes of each dietary index, and we assessed the
quality of the pooled results using the Grading of Recommendations Assessment, Development
and Evaluation approach. A high diet quality was significantly associated with reduced CRC risk
when patients had a low Diet Inflammatory Index score (OR, 0.66; 95%CI, 0.56–0.78), a high
Mediterranean Diet Score (OR, 0.84; 95%CI, 0.78–0.90), high Dietary Approaches to Stop
Hypertension adherence (OR, 0.83; 95%CI, 0.78–0.89), and a high Healthy Eating Index score (OR,
0.72; 95%CI, 0.64–0.80). The pooled results for all dietary indices were rated as being of low quality
due to concerns over inconsistency or imprecision. We conclude that, despite a high diet quality
appearing to have a preventive role in CRC, the evidence is currently of insufficient quality to
develop dietary recommendations.

KEYWORDS
Colorectal neoplasms;
healthy diet;
gastrointestinal neoplasms

Introduction

Colorectal cancer (CRC) is a highly preventable cancer, yet
it affects approximately 1.5 million people and leads to
800,000 cause specific deaths each year (Ferlay et al. 2019).
In genetically susceptible individuals, diet is among the
main environmental factors affecting CRC development
(Herszenyi and Tulassay 2010). The significant manifest of
dietary habits and food components on the risk of chronic
complex diseases, including CRC (Song, Garrett, and Chan
2015), has led to the notion of diet modification as a tool
for reducing the risk of disease. Thus, multiple diet indices
have been created to quantify diet quality based on food
components in preventing common chronic diseases.

Dietary indices vary in both their foundation and their
dietary components. For instance, Diet Inflammatory Index
(DII) is based on specific targeted biological mechanisms,
including 45 evidence-based, inflammation-related dietary
components (Shivappa et al. 2014), Mediterranean Diet
Score (MDS) is based on epidemiologic findings on benefi-
cial diet on cardiovascular health, composing of 11 compo-
nents (Panagiotakos, Pitsavos, and Stefanadis 2006). Among
other well-known indices, Dietary Approaches to Stop

Hypertension (DASH), is built based on evidence for diet
elements related to hypertension management, with eight
food components (Appel et al. 1997) and the Healthy Eating
Index (HEI-2010), quantified with 10 components, together
with some regionally defined dietary indices are based on
localized healthy eating guidelines (Kennedy et al. 1995)
(Box 1). A low score on the DII and a high score on the
DASH, HEI, and MDS are considered to indicate diets with
fewer inflammatory properties, higher quality, and lower
risk of CRC.

Assessments of the impact of diet quality, as quantified
by diet indices, on CRC risk have yielded inconclusive
results (Haslam et al. 2017; Jones et al. 2017; Schwingshackl
and Hoffmann 2015a, 2015b). Some studies have demon-
strated no association between CRC risk and the DII (Boden
et al. 2019; Brouwer et al. 2017; Liu et al. 2017; Tabung
et al. 2017), MDS (Fasanelli et al. 2017; Jafari Nasab et al.
2019; Lavalette et al. 2018; Petimar et al. 2018; Torres Stone
et al. 2017), or HEI (Lavalette et al. 2018), whereas a large
cohort study reported an approximate 30% risk reduction in
CRC when people consumed a diet constituting a low DII,
as an indicator of less inflammatory and high diet quality
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(Tabung et al. 2018). Similarly, consuming diet components
that yield a high score of DASH, HEI (Erben et al. 2018)
and MDS (Jones et al. 2017), are likely to reduce CRC risk.
However, there were inconsistencies in the effects and in the
directions of the effects between the diet indices and CRC
risk arising from differences in the dietary components,
applied dietary indices due to the course of time, study dur-
ation, study design, follow-up duration, study population,
and tumor site (Galbete et al. 2018). Inevitably, the conclu-
sions of any findings from related pooled analyses also carry
these flaws, and this has been compounded by a failure to
evaluate the overall quality of the findings of pooled analyses
(Fan et al. 2017; Namazi, Larijani, and Azadbakht 2018;
Schwingshackl and Hoffmann 2015b; Schwingshackl et al.
2017; Zhang, Wang, and Zhang 2018). To date, meta-analy-
ses on the role of diet quality measured by dietary indices
and CRC are also disputed due to the fact that pooled
results were mostly driven from a single dietary index, dif-
ferent subtypes of a single dietary index (Schwingshackl and
Hoffmann, 2015c), the inclusion of small numbers of studies
(Bloomfield et al. 2016; Fowler and Akinyemiju 2017;
Mohseni et al. 2019; Namazi, Larijani, and Azadbakht 2018;
Schwingshackl and Hoffmann, 2015a, 2015b), findings were
defined from Western dietary habits, thus not generalizable
to other populations (Mohseni et al. 2019), and being reliant
on a single pooled analysis of data from different dietary
indices (Balter, Moller, and Fondell 2012). The observed
inconsistency among individual studies, as well among pre-
vious pooled studies and the lack of qualified affirmative
conclusion hinders the development of an effective and
applicable dietary recommendation for the prevention
of CRC.

Given the limitations in so far conducted meta-analyses,
it is crucial to investigate the role of diet quality on CRC
risk more comprehensively and to assess the quality of the
overall findings. Accordingly, we conducted a systematic
review and meta-analysis that included relevant observa-
tional studies. We evaluated the effect of diet quality

measured by diet indices on CRC risk, measured the quality
of current evidence, and assessed the strength of the find-
ings. Ultimately, our goal was to conclude whether a dietary
recommendation could be developed for the prevention of
CRC based on this existing evidence.

Methods

Study protocol and search strategy

We formulated search strategies for the PubMed, Embase,
Web of Science, and Cochrane online databases under the
supervision of a medical librarian. We systematically
searched these databases for studies evaluating the role of
diet quality on CRC risk, published until January 2020, with
no language restriction (Supplementary Table S1). To find
further related studies, we manually searched the reference
lists of included studies. Two investigators (SM and KJWS)
conducted the entire procedures independently and resolved
disagreement through discussion with a third investigator
(BZA). The review process was based on the PRISMA guide-
lines (Moher et al. 2015).

Eligibility criteria and data extraction

Trials, cohort studies, and case-control studies were eligible
if they quantified the association between diet quality and
the risk of CRC as an outcome. Diet quality was required .i)
to be quantified by either one or several of the existing diet-
ary indices (e.g., DII, MDS, DASH, HEI, or regionally
defined dietary indices) and calculated based on dietary
guidelines; ii) CRC could be identified by self-reported ques-
tionnaire or pathology records reviewed by a trained phys-
ician, linkage to a cancer registry system, or linkage with a
mortality records system. Studies were excluded if they met
the following criteria: (i) CRC was not an outcome; (ii)
determinants were other than diet quality measured by diet
indiceses (iii) no summary estimate was provided in the

Box 1. The dietary indices used to quantify diet quality.

IDiet quality index Origin of the index Included food components

DII Based pro/anti-inflammatory association of
dietary components with inflammatory
biomarkers, including IL-1b, IL-4, IL-6, IL-
10, TNF-a

Includes 19–45 dietary components
Pro-inflammatory components: Carbohydrate, Protein, total fat, Saturated fatty
acids, Cholesterol, Vitamin B12, Fe, Alcohol, Energy.

Anti-inflammatory components: Onion, Saffron, Garlic, Ginger, Fiber, Folic acid,
Caffeine, MUFA, PUFA, n-3 fatty acids, n-6 fatty acids, Niacin, Riboflavin,
Vitamin B6, b carotene, Mg

MDS Based on evident role of foods components
in cardiovascular health

Includes 8–11 food components:
Foods with beneficiary effects: Cereals, vegetables, Fruits, Legumes, Nuts,
Olive Oil, Fish, High ratio of MUFAþ PUFA /SFA

Foods with adverse effect: Milk and dairies, Meat and processed products,
sweets, sweetened beverages, Saturated fatty acids, Cholesterol, Alcoholic
beverages, Alcohols (consuming (alcohol >50 gr/day alcohol)

DASH Based on evidence on diet elements related
to hypertension management

Food groups: Fruits, Vegetables, Red meat, low fat dairies, Sugar-sweetened
beverages, Oils, Whole grains, Nuts, and Legumes.

HEI Based on healthy eating guidelines without
specific mechanism

Foods with beneficiary effect: Fruits, Vegetables, Whole grain, beans, Dairy, Total
protein in food, sea food, PUFAþMUFA/SFA � 2.5

Foods with adverse effect: Sodium, Empty calorie, refined grains, PUFAþMUFA/
SFA < 1.2

Abbreviations: DASH, Dietary Approach to Stop Hypertension; DII, Diet Inflammatory Index; HEI, Healthy Eating Index; IL, Interleukin; MDS, Mediterranean Diet
Score; Mg, Magnesium; MUFA, monounsaturated fatty acids; PUFA, Poly Unsaturated Fatty Acids; SFA, Saturated Fatty Acids.
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form of an odds ratio (OR), relative risk (RR), or hazard
ratio (HR), and there was no standard error or 95% confi-
dence interval (CI).

SM and KJWS extracted the following information: study
design, first author, publication year, study country, applied
diet index (plus the number of food components included),
gender, age (mean or range) of study population, number of
total study population and incidental CRC cases in cohort
studies, or number of cases and controls in cases control
studies, and number of adjusted variables. They also
recorded the most adjusted risk estimates with correspond-
ing standard errors (SE) or 95% CIs for the highest com-
pared to the lowest category of the diet index used.

Quality assessment
We evaluated the quality of eligible cohort and case-control
studies using the Newcastle–Ottawa quality assessment scale
(Stang 2010). Study quality was ranked as the following:
low, �3 stars; moderate, 4–6 stars; and high, �7 stars. We
awarded maximums of 9 starts to cohort and 8 stars to
case-control studies. Disagreements were resolved by reach-
ing consensus.

For cohort studies, the following items categorized in three
levels were evaluated; i) selection, indicating the representa-
tiveness of exposed and unexposed study populations and the
adequacy of demonstrating the outcome; ii) comparability,
representing control for age/sex and as well as controlling for
at least three additional risk factors such as body mass index
(BMI), ethnicity, family history of gastrointestinal cancer,
smoking, alcohol, physical activity, and dietary supplement
intake; and iii) exposure/outcome, representing the methods
applied for outcome assessment, the adequacy of follow-up
for the outcome to occur (i.e., >10 years for CRC), and
whether loss to follow-up was acceptable as being �5%.

For case-control studies, we modified the selection and
exposure/outcome sections as follows: i) selection, adequacy
and representativeness of case definition, the source popula-
tion for selection of controls as community-based controls,
etc., confirmation on no history of GI cancers among con-
trols, and confirmation on no history of gastrointestinal can-
cer among controls; and ii) exposure, included the methods
applied for exposure assessment (e.g., the use of secured
records, validated questionnaires, or self-report assisted by a
healthcare practitioner) and the comparability of methods
applied for cases and controls.

Data analysis
Risk estimations for CRC by high diet quality were quantified
differently using the DII (highest quality associated with the
lowest category) and the other dietary indices (highest quality
associated with the highest categories). We reported the most
adjusted risk estimates for CRC by highest compared to the
lowest quality. To aid comparison, we converted HRs and RRs
to ORs as follows: HR or using the following formula; H/RR ¼
OR/[(1�P0) þ (P0 � OR)], where P0 is the mean incidence of
CRC in the general population within years of study

conducted (Deeks, Higgins, Altman, 2017). Next, we calcu-
lated the corresponding SEs of ORs, using the following for-
mula: SElog(RR) ¼ {[SElog (OR) � log(RR)]/log(OR)} (Deeks,
Higgins, Altman, 2017). The natural logarithms of the ORs,
together with their SEs and 95% CIs, were calculated. For each
diet index, the pooled results were estimated using the inverse
variance method.

We assessed publication bias by visual evaluation of fun-
nel plots, and Egger�s tests for funnel plot asymmetry. Trim
and fill methods proposed by Duval and Tweedie were
applied to handle publication bias (Duval and Tweedie
2000). Homogeneity was tested using the I2 Index, the
Cochran’s Q statistic (v2), and the associated P-value for
heterogeneity (Phet). We consider I2�25%, as an indication
for low heterogeneity and applied fixed-effects model when
I2�25%, otherwise we used random-effects model to adjust
for observed heterogeneity between studies. We conducted
sensitivity analysis to assess consistency in the pooled
results by excluding one study at a time and re-estimating
the pooled OR. To check the impact of strata specific effect
and to reveal potential sources of heterogeneity, we con-
ducted stratified analyses for the following potential con-
founders: study design (strata set as cohort and case-control
studies), geographical region (strata set as Asia, Europe, and
North America), gender (strata set as men and women),
and tumor site (strata set as colon and rectum). The meta-
analysis was conducted with Review Manager (RevMan),
Version 5.3 (The Nordic Cochrane Center, The Cochrane
Collaboration, Copenhagen, Denmark) and Comprehensive
Meta-Analysis software, version 2.2 (Biostat, Englewood,
New Jersey).

The quality of the pooled findings for the risk of CRC by
each dietary index was evaluated using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) approach (Guyatt et al. 2011). In this approach,
the quality of the pooled results was downgraded if the fol-
lowing shortcomings were present: risk of bias, inconsist-
ency, indirectness, imprecision, or other considerations (e.g.
evidence restricted to published findings). These shortcom-
ings were extracted by extensive review of the GRADE
guidelines (Guyatt et al. 2011), and each was scored as fol-
lows: 0¼ not serious (all components met the GRADE crite-
ria), �1¼ serious (1–2 components did not meet the
GRADE criteria), and �2¼ very serious (>2 components
did not meet the GRADE criteria). The quality of the overall
findings was upgraded in the presence of a large effect size,
as follows: 0, when not present; þ1, when the pooled effect
size showed a 2-fold decrease in the risk of CRC; and þ2,
when the pooled effect size demonstrated a> 2 times
decrease in the risk of CRC. Finally for the presence of
dose-response in analyses, we scored no dose response as 0
and a presence of dose response as 1.

Results

We retrieved 129 studies for full-text evaluation of which 44
met the selection criteria (Figure 1). Among these, diet
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quality was quantified either by the DII in 15 studies, MDS
in 17 studies, the DASH in 9 studies, the HEI in 9 studies,
and on regional dietary guidelines about cancer prevention
in 7 studies (Supplementary Table S2). We rated 25 cohort

studies as high quality (�7 stars) and 1 as moderate quality
(6 stars), whereas we rated eight out of 18 case-control stud-
ies (44.4%) as high quality (�7 stars), and 10 as moderate
quality (5–6 stars) studies (Supplementary File 1).

Figure 2. Summary risk estimates for CRC comparing the highest to lowest diet quality.
The data are stratified by study design (i.e., cohort studies/case-control studies), geographic region (i.e., US/Canada, Europe, Central Asia) gender (i.e., men, women),
tumor site (i.e., colon and rectal cancers), and overall estimate. The summary risk estimates are pooled ORs for CRC comparing the effect of diet quality by the DII,
MDS, DASH, and HEI. For the DII, diet quality is highest with the lowest categories and lowest with the highest categories. For the MDS, DASH, and HEI, diet quality
is highest for the highest categories and lowest for the lowest categories. Abbreviations: CRC, colorectal cancer; DASH, Dietary Approach to Stop Hypertension; DII,
Diet Inflammatory Index; HEI, Healthy Eating Index; MDS, Mediterranean Diet Score; OR, odds ratio; US, United State

Figure 1. Flow chart of inclusion of relevant studies.
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DII and CRC risk

Eleven studies were included in final analysis, counting up
to 1,027,206 subjects; Six cohort studies had a mean follow-
up of 18.85 years) and five case-control studies with 16,896
included subjects, despite a visually detected asymmetry in
funnel plot, Egger test demonstrated no significant publica-
tion bias (z¼ 1.04, p¼ 0.26) (Supplementary Figure S1A).
Three studies showed extreme findings on the forest plots
(Cho et al. 2016; Obon-Santacana et al. 2019; Rafiee et al.
2019) (Supplementary Figure S2); removing these improved
the symmetry in the funnel plot. Significant heterogeneity
was present (I2, 76%; Q statistics v2 104.80; Phet <0.00001)
and remained consistent after excluding the three studies
with extreme findings (Cho et al. 2016; Obon-Santacana
et al. 2019; Rafiee et al. 2019). Overall, comparing the lowest
categories (as an indicator of diets with high anti-inflamma-
tory quality) and the highest DII categories revealed a sig-
nificant association with reduced CRC risk, having a pooled
OR of 0.66 (95% CI: 0.56–0.78; p< 0.00001). Sensitivity ana-
lysis did not change the pooled estimates significantly. The
preventive effects were consistent for three strata (i.e., geo-
graphic region, gender, and tumor site; Figure 2), and het-
erogeneity was significant by each of the four strata
(Supplementary Figure S3A). Finally, the quality of evidence
for the pooled results achieved a �2 rating (very low; Table
1) due to inconsistency (scoring �1) and considerations
(scoring �1; evidence restricted to published findings).

MDS and CRC risk

Sixteen studies were included, consisting of 1,915,498 sub-
jects; of which nine were cohort studies with a mean follow-
up of 13.99 years and seven case-control studies including
74,924 subjects. A significant publication bias was detected
by Egger test (z¼-2.88, p¼ 0.0001; Supplementary Figure

S1B), and heterogeneity was significant (I2, 76%; Q statistics
v2 74.19; Phet < 0.00001). Three studies with extreme find-
ings were detected by visual forest plot assessment (Agnoli
et al. 2013; Jafari Nasab et al. 2019; Rosato et al. 2016)
(Supplementary Figure S2), and the detected heterogeneity
was non-significant after excluding these studies (I2, 29%; v2,
21.12; Phet ¼ 0.13). A significant decrease was detected in the
risk of CRC when comparing the highest and lowest MDS
categories, giving a pooled OR of 0.84 (95% CI, 0.78–0.90;
p< 0.00001). Unbiased pooled effect size, computed by trim
and fill methods, showed similar findings (OR: 0.81, 95% CI:
0.74–0.88). The sensitivity analysis did not change the pooled
estimates significantly, and the preventive effects remained
significant (with comparable pooled ORs in the same direc-
tion) for analyses stratified by study design, geographic
region, gender, and tumor site (excluding colon cancer;
Figure 2). The heterogeneity became non-significant in the
stratified analysis for cohort studies, geographic regions,
women, and rectal cancer, but it remained significant for
case-control studies, men, and colon cancers (Supplementary
Figure S3B). Finally, the quality of evidence for the pooled
effect of MDS on CRC risk was rated as �2 (very low; Table
1) because of inconsistency (scoring �1), publication bias and
restriction to published findings (scoring �1).

DASH and CRC risk

Eight studies were included being five cohort studies
(1,238,750 subjects) with a mean follow-up of 15.13 years,
and thee case-control studies consisting of 53,433 subjects.
There was no apparent publication bias (Egger test intercept;
Z¼ 0.12, P¼ 0.87) or significant heterogeneity (I2, 0%; Q
statistics v2 3.39; Phet ¼ 0.64) (Supplementary Figure S1C
and S2). Comparison between the highest and lowest catego-
ries of the DASH revealed a significant 1.20-fold (i.e., 1/

Table 1. The overall quality of evidence on diet quality quantified by dietary indices on the risk of CRC in pooled findings from eligible observational studiesa.

Certainty assessment Summary of findings

No of studies Study design Risk of bias Inconsistency Indirectness Imprecision Considerations
Effect Size
(95%CI) Certainty

DII and CRC
11 Observational Not serious Seriousc Not serious Not serious Restricted to published

findings
OR 0.66

(0.56–0.78)
(Score �2)

MDS and CRC
16 Observational Not serious Seriousc Not serious Not serous Publication bias and

restricted to
published findings

OR 0.84
(0.78–0.90)

(Score �2)
DASH and CRC
8 Observational Not serious Not serious Seriousd Not serious Restricted to

published findings
OR 0.80

(0.77–0.84)
(Score �2)

HEI and CRC
8 Observational Not serious Seriousc Seriouse Not serious Restricted to

published findings
OR 0.72

(0.64–0.80)
(Score �3)

aThe quality assessment was based on GRADE approach.
bOverall certainty was downgraded due to the observational design of included studies, inconsistency, indirectness, and detected publication bias.
cHigh levels of heterogeneity in the pooled findings.
dResults restricted to US/Canada.
eLimited findings from US/Canada/Asia.
Abbreviations: CI, confidence interval; CRC, colorectal cancer; DASH, Dietary Approach to Stop Healthy Index; DII, Diet Inflammatory Index; GRADE, Grading of
Recommendations Assessment, Development, and Evaluation; HEI, Healthy Eating Index; MDS, Mediterranean Diet Score; US, United States.
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0.83), decrease in the risk of CRC (95% CI, 1.37–4.34
P< 0.00001). Sensitivity analysis showed no significant
change in the overall pooled effect sizes, and they remained
significant in all strata, with no evidence of significant het-
erogeneity in any strata (Figure 2 and Supplementary S3C).
Finally, the pooled findings achieved a quality score of �2
(very low) due to indirectness (limited number of included
studies and findings being restricted to specific geographic
regions; scored as �1), and restriction to published findings
(scored as �1, Table 1).

HEI and CRC risk

Eight studies were included consisting of five cohort studies
of 1,263,312 subjects and with a mean follow-up of
14.52 years) and three case-control studies including 17,396
subjects. Moderate, but not significant, asymmetry was
observed in the funnel plot (Egger test intercept; Z ¼ �1.6,
P¼ 0.17) (Supplementary Figure S1D) and heterogeneity
was significant (I2, 71%; Q statistics v2, 31.53; Phet ¼ 0.0002;
Supplementary Figure S2). Only one study had extreme
findings in the forest plot analysis of the pooled results
(Jafari Nasab et al. 2019) (Supplementary Figure S2), and
excluding this study improved the asymmetry in the funnel
plot and made the observed heterogeneity non-significant
(I2, 36%; Q statistics v2, 12.50; Phet ¼ 0.13). We detected a
significant protective effect for the HEI on CRC risk when
comparing the highest and lowest categories, with a pooled
OR estimate of 0.72 (95% CI, 0.64–0.80). The observed
benefit persisted in the sensitivity analysis and in all strati-
fied analyses (Supplementary Figure S3D). We detected no
significant heterogeneity among the included studies when
pooling the results for cohort studies, geographic region,
men, and tumor site (Supplementary Figure S3D). Finally,
this evidence gained the lowest quality rating (scoring as �3
overall; Table 1) due to inconsistency (scored set as �1),
indirectness (-1), and restriction to published findings (-1).

Discussion

In this systematic review and meta-analysis of 38 studies,
covering more than 5.6 million people, we found that high
diet quality quantified by the four main diet indices—the
DII, the MDS, the DASH, and the HEI—was consistently
and significantly associated with a lower risk of CRC.
However, the estimated pooled findings of the protective
effect on CRC risk of a high diet quality, as predicted by
each index, were of low quality overall and were therefore
unsuitable for use in developing recommendations.

DII and CRC

The preventive benefits of the lowest compared to the highest
DII category in terms of CRC risk were in line with those
seen in previous meta-analyses (Fan et al. 2017; Fowler and
Akinyemiju 2017; Jayedi, Emadi, and Shab-Bidar 2018;
Namazi, Larijani, and Azadbakht 2018; Shivappa et al. 2017;
Zhang, Wang, and Zhang 2018). These included three (Fowler

and Akinyemiju 2017), five (Namazi, Larijani, and Azadbakht
2018) eight (Fan et al. 2017), and nine (Shivappa et al. 2017a)
of the 11 studies included in the present meta-analysis. For
the included cohort and case-control studies, these reported
1.21- to 1.33-fold and 1.73- to 1.81-fold risk reductions in
CRC risk with the lowest DII category, respectively.

All studies included in our meta-analysis used the latest
version of the DII, comprising 18–45 food components vali-
dated based on their association with five inflammatory bio-
markers of interleukins (IL)-1b, IL-4, IL-6, IL-10, plus
tumor necrosis factor alpha (TNF-a) (Shivappa et al. 2014).
In contrast to the overall pooled risk estimates, three studies
in our meta-analysis reported a null effect of low DII scores
on CRC risk (Boden et al. 2019; Brouwer et al. 2017; Liu
et al. 2017). However, a closer look at the methods used in
these studies revealed that the inconsistency probably
resulted from a lack of data on food parameters with anti-
inflammatory effects in the DII calculation, a failure to
adjust for some confounders (e.g., history of NSAID use)
(Boden et al. 2019), and reduced generalizability due to the
study population (e.g. selected among health professionals
(Liu et al. 2017) or people with Lynch syndrome (Brouwer
et al. 2017). The heterogeneity observed in the pooled effect
was also similar to that observed in previous meta-analyses
(Fan et al. 2017b; Jayedi, Emadi, and Shab-Bidar 2018;
Namazi, Larijani, and Azadbakht 2018; Shivappa et al. 2017;
Zhang, Wang, and Zhang 2018). Given the consistency in
benefit observed in all stratified analyses for study design,
geographic region, gender, and tumor site, the protective
effect of a low DII (i.e., a highly anti-inflammatory diet) is
likely to be a true effect rather than the result of confound-
ing. Nevertheless, sources of confounding and heterogeneity
remain with the study design, sample size, differences in
adjusted confounders, included dietary components in DII
scoring system, chosen data analysis, and validation of the
food frequency questionnaires. Additionally, the observed
higher protective effect of healthy diet in overall findings
compared to other diet quality indices was not consistent in
stratified analysis by study design (the pooled effects from
cohort studies demonstrated comparable pooled effect size
with that of MDS, DASH and HEI). Therefore, further large
population based investigations are warranted to confirm
the superior risk predictive function of DII compared to
other diet quality indices.

In summary, the beneficial effects of low DII scores on
CRC risk lack the strength necessary to be used in developing
dietary recommendations, primarily because of the high levels
of inconsistency in the included studies. Given the low overall
quality, the complex scoring system based on the inflammatory
response to food components, and the wide range of food
components (18–45), there is only a low level of transparency.
This precludes moving toward making dietary recommenda-
tions for CRC prevention based on the DII scoring system.

MDS and CRC

The association of high MDS scores with a reduced risk of
CRC was consistent with the findings from a recent meta-
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analysis that included 13 of the 16 studies considered eli-
gible for our meta-analysis (Schwingshackl et al. 2017),
reporting a 1.21-to-1.40 times risk reduction. The included
studies took between 9 and 11 food components with a con-
firmed role in cardiovascular health. Notably, six of the
included cohort studies reported non-significant effects of
high MDS scores on CRC risk. The results may reflect high
levels of heterogeneity due to differences in the study popu-
lation (e.g., a specific socioeconomic class that was not rep-
resentative of the general population) (Bamia et al. 2013;
Fung et al. 2010; Lavalette et al. 2018; Petimar et al. 2018;
Torres Stone et al. 2017) or the inclusion of a small number
of incident cases (Lavalette et al. 2018). It is also worthy to
notice that these studies were mainly conducted in North
America and Europe (none Mediterranean regions), high-
lighting the role of variation in culture and food preference
in predictive performance of a diet quality index, basically
developed based on dietary habits in different geo-
graphic regions.

Nevertheless, stratified analyses for cohort studies, as well
as those conducted in North America, with women, and with
rectal cancer, showed comparable results to the overall pooled
estimates. Heterogeneity was high among case-control studies
as well as those conducted in Europe, in men, and in colon
cancer. Considering the inconsistencies with the overall find-
ings, we could not generalize the association of a high MDS
with a lower CRC risk. Consequently, the MDS lacked the
required transparency to be used in the development of diet-
ary recommendations, mainly due to the low quality of the
overall findings, the positive scoring system for moderate alco-
hol use, and the downgrading of dairy products despite their
evident role in preventing CRC.

DASH and CRC

The overall findings of benefit with the DASH were compar-
able to those reported by Mohseni et al. (Mohseni et al.
2019) who demonstrated risk reductions of 1.14-times and
1.09-times for CRC in the pooled findings of four cohort
and two case-control studies, respectively. The included
studies considered 7–10 dietary components associated with
a decrease in the risk of hypertension. Moreover, the pro-
tective effect of a high DASH score on CRC risk remained
consistent despite the individual studies applying different
methods to calculate the scores, including the use of quin-
tiles/servings as cutoff points or setting sex-specific stand-
ards (Erben et al. 2018; Miller et al. 2013; Park et al. 2017;
Petimar et al. 2018; Torres Stone et al. 2017), applying the
same standards for both sexes (Miller et al. 2013), and set-
ting standards for sex, age, and physical activity (Miller
et al. 2013). In contrast to our findings, Dixon et al. and
Petimar et al. found that high DASH scores had no effect
on CRC risk among men (Petimar et al. 2018; Torres Stone
et al. 2017). However, these discrepancies could be
accounted for by their inclusion of a specific study popula-
tion with a high socioeconomic status and by limited report-
ing of confounders (e.g., family history of CRC). Despite the
discrepancies with the overall findings and the variation in

the scoring system, we detected minor heterogeneity in the
findings of benefit. All but one study ((Erben et al. 2018))
were conducted in North America, precluding global gener-
alization. The lack of geographic variation coupled with the
small effect size implied indirectness in the findings of bene-
fit, necessitating that we down rate the quality and transpar-
ency of the results for developing dietary recommendations.
Nevertheless, the inclusion of food components with an evi-
dent role in reducing the risk of CRC and the use of gender,
age, and physical activity cutoff standards meant that these
data had higher transparency compared with either the DII
or the MDS.

HEI and CRC

The observed preventive effect of a high HEI on CRC risk
supported the findings of a recent meta-analysis of three
cohort studies (Schwingshackl and Hoffmann 2015b) that
reported a risk reduction of 1.29 for the highest compared
to lowest HEI category. All studies in our analysis used
either the HEI or HEI-2010, which was originally developed
to quantify adherence to American dietary guidelines and
comprises 10–12 dietary components with higher scores
reflecting better diet quality (Guenther et al. 2013). Two
studies also applied the alternate Healthy Eating Index
(AHEI) (Park et al. 2017; Reedy et al. 2008), which com-
prises 9–11 dietary components and was developed to iden-
tify dietary patterns associated with a lower risk of chronic
disease (Chiuve et al. 2012). Despite applying these different
methods to HEI scoring, the findings were consistent with
the pooled results in all but one eligible study (Lavalette
et al. 2018). The findings in this might have been affected
by including a small number of incident CRC cases and by
selecting a study population from among people who were
more aware of adverse health behaviors (Lavalette et al.
2018). The substantial consistency in the pooled results after
all stratified analyses also hinders the effect of heterogeneity
on the accuracy of the estimated effect size. Nonetheless,
given the limited findings from Europe and Asia, further
investigations from less represented areas will be necessary
to confirm our findings. What’s more, the observed benefi-
ciary role for HEI remained strong, and consistent in studies
from North America, suggesting firstly testing HEI in other
cultures is relevant, and secondly putting forward the
hypothesis that development of a culturally/ethnically-rele-
vant scoring method to qualify diet patterns will eventually
yield a more efficient modification of CRC risk. The limita-
tion of findings to North America and the presence of mod-
erate publication bias despite a homogenous scoring system
mean that the results lack sufficient transparency for devel-
oping dietary recommendations. Large prospective studies
are now required from a range of geographic areas.

Factors impeding developing dietary recommendations
using the existing diet indices:

The existing diet quality indices are majorly developed based
on general dietary guidelines or aiming at prevention of
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chronic disease other than CRC. Thus, modifications are
required in the scoring system of applied dietary indices for
the food components with probable/evident role in preven-
tion of CRC. For instance, micronutrients including vita-
mins A, C, E, D, B1, B2, B9, trace elements including iron,
sodium, zinc, and carotenoids in addition to macronutrients
such as various types of proteins and lipids with probable
yet controversial role and calcium, fiber red and processed
meet with evident role (Song, Garrett, and Chan 2015)
should outweigh in diet quality scoring system. To achieve
this goal, World Cancer Research Fund International has
developed cancer specific, diet and life style factors quality
index (Kerschbaum and N€ussler 2019). Yet, given the altered
risk prediction performance of same diet quality indices in
different populations, the recommendations should be tail-
ored for ethnicities/genetically susceptibilities, cultural back-
ground, food preparation and preservation methods, excess
calorie intake, adiposity, physical activity as well as the inter-
action between nutrients might lead to altered risk predictive
performance of the same diet quality among different popu-
lations (Kuipers et al. 2015).

Study strengths and limitations

This systematic review and meta-analysis benefits from two
main factors. First, we conducted a comprehensive assess-
ment of the role of diet quality measured by commonly
applied dietary indices on the risk for CRC. Second, we also
rated the quality of the findings to generate an overview of
the transparency of existing evidence for developing dietary
recommendations about CRC prevention. However, the
pooled findings were restricted to observational studies,
leading to inherited limitations in findings. Nevertheless, to
comprehensively address the existing evidence in qualitative
and quantitative analyses, we did not restrict inclusion crite-
ria to a specific study design. To handle the limitations with
included studies e.g. case control studies, we assessed the
quality of studies by the new Newcastle–Ottawa scale; all
included case-control studies were of moderate to high qual-
ity (quality score ranging from 5–7 out of 8). Further, to
address the possible bias in pooled effect sizes caused by
case control studies, we conducted a stratified analysis for
study design; the beneficiary effect for all four diet indices
were consistent when pooling the effect sizes stratified for
cohorts and case control studies. Our efforts to consider this
issue when rating the quality of the overall findings may not
have been sufficient. Additionally, the findings for the DII,
MDS, and HEI had substantial heterogeneity, but we partly
addressed this by showing consistency in the direction of
overall benefit by stratified analysis for four major con-
founders (e.g., study design, geographic region, gender, and
tumor site). Thus, the heterogeneity observed may have
resulted from factors other than the main confounders,
including sample size, number of variables, number of food
components, dietary index categorization, and method of
CRC case identification. Another limitation of the findings
for the DASH and HEI were that the research was largely
restricted to a specific geographic region, preventing

generalization, and necessitating that we downgrade the
quality of evidence for these indices. Finally, the dietary
components for each included dietary index may affect the
risk of CRC via different mechanisms (e.g., alterations in gut
microbiota) that were not considered in the
included studies.

Conclusions

Given the clear evidence that a high diet quality offers bene-
fit in the prevention of CRC, we advocate that general diet-
ary advice can be offered in clinical settings regarding these
benefits. However, at present, for an efficient prevention of
CRC, further investigations are warranted on the role of rec-
ommendations tailored for food components and life style
factors with evident role in CRC prevention, as well as for
varying ethnicities and geographic regions.
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