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Dietary Inflammatory Index and Site-Specific
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Existing evidence suggests a link between the inflammatory potential of diet and risk of cancer. This study aimed to test the linear and potential
nonlinear dose-response associations of the Dietary Inflammatory Index (Dll), as being representative of inflammatory features of the diet, and site-
specific cancer risk. A systematic search was conducted with the use of PubMed and Scopus from 2014 to November 2017. Prospective cohort or
case-control studies reporting the risk estimates of any cancer type for >3 categories of the DIl were selected. Studies that reported the association
between continuous DIl score and cancer risk were also included. Pooled RRs were calculated by using a random-effects model. Eleven prospective
cohort studies (total n = 1,187,474) with 28,614 incident cases and 29 case-control studies with 19,718 cases and 33,229 controls were identified.
The pooled RRs for a 1-unit increment in the DIl were as follows: colorectal cancer, 1.06 (95% Cl: 1.04, 1.08; > = 72.5%; n = 9); breast cancer, 1.03 (95%
Cl:1.00, 1.07; P = 84.0%; n = 7); prostate cancer, 1.06 (95% Cl: 0.97, 1.15; > = 56.2%; n = 6); pancreatic cancer, 1.16 (95% Cl: 1.05, 1.28; > = 61.6%;
n = 2); ovarian cancer, 1.08 (95% Cl: 1.03, 1.13; > = 0%; n = 2); esophageal squamous cell carcinoma, 1.24 (95% Cl: 1.10, 1.38; I = 64.3%; n = 2);
renal cell carcinoma, 1.08 (95% Cl: 1.02, 1.13; * = 0%; n = 2); and esophageal adenocarcinoma, 1.26 (95% Cl: 1.13, 1.39; > = 0%; n = 2). A nonlinear
dose-response meta-analysis showed that, after a somewhat unchanged risk within initial scores of the DI, the risk of colorectal cancer increased
linearly with increasing DIl score. In the analyses of breast and prostate cancers, the risk increased with a very slight trend with increasing DIl score.
In conclusion, the results showed that dietary habits with high inflammatory features might increase the risk of site-specific cancers. Adv Nutr
2018;9:388-403.
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Introduction reports also showed that there is strong evidence for the asso-

The association between diet and cancer has been well
investigated. The World Cancer Research Fund Interna-
tional/American Institute for Cancer Research Continuous
Update Project Reports on diet, nutrition, and physical ac-
tivity reported that there is strong evidence that higher con-
sumption of red and processed meat and alcoholic drinks
increases the risk of colorectal cancer (CRC); on the other
hand, higher intakes of dairy products, whole grains, and
fiber-containing foods decrease the risk of CRC (1). The
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ciation between higher consumption of meat and processed
meat, high-salt foods, and alcoholic drinks and a higher risk
of stomach cancer (2); a higher consumption of alcoholic
drinks and a higher risk of breast, kidney, and liver cancers
(3-5); higher glycemic load and a higher risk of endometrial
cancer (6); and a higher consumption of coffee and a lower
risk of liver and endometrial cancers (4, 6). There is a cru-
cial need to explore the underlying mechanisms that drive
dietary associations with site-specific cancers. However, due
to the role of inflammatory pathways in the pathogenesis and
progression of several cancer types, such as stomach, colon,
and prostate cancers (7-9), it has been suggested that the as-
sociation between diet and cancer, at least in part, is mediated
through diet-induced inflammation (10).

It has been proposed that some dietary components, such
as saturated fats, refined carbohydrates, and red meat, may
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have proinflammatory properties (11-13), whereas some
others, including soy products and phytochemicals, may have
anti-inflammatory features (14, 15). Previous investigations
have indicated that the consumption of flavonoids, whole
grains, and legumes was associated with serum concentra-
tions of low-grade inflammatory biomarkers, such as TNF-
o, C-reactive protein (CRP), or cell adhesion molecules (16-
19). Furthermore, predefined dietary patterns, such as the
Mediterranean diet (20, 21), as well as data-driven dietary
patterns (22, 23) have been shown to be associated with cir-
culating inflammatory biomarkers and markers of vascular
inflammation.

To better understand the inflammatory potential of diet,
a diet quality index integrating information on the inflam-
matory potential of multiple specific foods has been devel-
oped to represent the inflammatory potential of the diet as a
whole. This Dietary Inflammatory Index (DII) is a literature-
derived, population-based diet quality index and is based
on the positive or negative effects of different dietary fac-
tors on serum concentrations of 6 inflammatory biomarkers
(24). The DII consists of 45 dietary components, of which
9 components, including energy, carbohydrates, cholesterol,
total fats, saturated fats, trans FAs, protein, iron, and vita-
min B-12, have proinflammatory properties, and another 36
components have been shown to have anti-inflammatory fea-
tures (24). A higher score on the DII represents higher di-
etary inflammatory potential. It has been shown that higher
DII scores were positively and significantly associated with
serum concentrations of inflammatory biomarkers, includ-
ing CRP, TNF-«, IL-6, and homocysteine (25-27). Higher
DII scores have also been inversely associated with pre-
defined diet quality indexes, such as the Healthy Eating
Index 2010 (HEI-2010), the Alternate Healthy Eating In-
dex (AHEI), and Dietary Approaches to Stop Hypertension
(DASH) (28).

Two recent systematic reviews indicated that a higher
DII was associated with a higher risk of CRC (29, 30);
however, the shape of the dose-response relation has not
been determined. The DII consists of 45 evidence-based,
inflammation-related dietary components, compared with 11
components in the Mediterranean diet score (31), 8 com-
ponents in the DASH diet score (32), 10 components in
the HEI-2010 (33), 9 components in the AHEI (34), and
23 components in the Recommended Food Score (35). The
unique features of the DII include the fact that it integrates
information on many foods that have been shown to be
anti-inflammatory or proinflammatory and thus the DII I)
accounts for correlated food intakes and 2) focuses on a spe-
cific biological mechanism. The Mediterranean Diet Score
is similarly based on epidemiologic studies of health bene-
fit from the literature, but focuses on cardiovascular health.
The Healthy Eating Index and other regionally defined di-
etary patterns (e.g., the Baltic Sea Diet) are based on healthy
eating guidelines and do not target specific mechanisms.
Thus, it seems that the DII provides a relatively more specific
and comprehensive understanding of inflammatory features

of the diet as a whole than other diet quality indexes. Our
study objective was to investigate both linear and nonlinear
dose-response associations between the DII and site-specific
cancers.

Methods

Search strategy

We systematically searched PubMed (https://www.ncbi.nlm.
nih.gov/pubmed/) and Scopus (https://www.scopus.com/)
for studies published from 2014 [the DII was developed in
2014 (24)] up to September 2016, and an updated search
was performed up to 3 November 2017 using the follow-
ing key words: [“inflammatory” OR “inflammation” OR
“anti-inflammatory” OR “pro-inflammatory”] AND [“diet-
related” OR “diet” OR “dietary”] AND [“cancer” OR “car-
cinoma” OR “neoplasm” OR “adenoma’]. Reference lists of
all relative reviews and articles were also manually searched.
The search was restricted to the articles published in En-
glish. Two independent authors (AJ, AE) reviewed titles and
abstracts of all obtained articles and selected observational
studies, either prospective cohort or case-control studies, that
I) were conducted among adults aged >18 y; 2) reported
the newly developed DII by Shivappa et al. (24) as expo-
sure and in >3 quantitative categories; 3) reported risk es-
timates such as ORs, HRs, or RRs and their correspond-
ing 95% ClIs of any cancer type in relation to the DII; and
4) reported the number of cases and participants or non-
cases in each category of the DII. Studies that reported the
association between continuous DII score and cancer risk
were also included. We excluded the following: 1) cross-
sectional studies, 2) studies conducted in patients with spe-
cific diseases, and 3) studies without number of cases and
noncases or DII ranges in each category of the DIL The
present meta-analysis conformed to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
checklist (36) for writing the systematic review and reporting
the results.

Data extraction and quality assessment

Two independent investigators (AJ, AE) extracted the fol-
lowing information from eligible studies: first author’s name,
publication year, study name, country, study design, number
of participants, outcome of interest, age range or mean age
(years), dietary assessment method, number of DII compo-
nents, number of cases and participants/controls, reported
risk estimates and their 95% ClIs for each category of the
DII, and covariates adjusted in the multivariate model. We
included effect estimates based on models with the most
comprehensive covariate adjustment. Components of the DII
score in each study were also extracted and are presented
in Supplemental Materials. The same 2 authors assessed the
quality of included studies using a 9-point scoring system ac-
cording to the Newcastle-Ottawa Scale, and studies with >7
points were considered high quality (37). Any discrepancy
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was resolved through discussion under supervision of a third
author (SS-B).

Statistical analysis

RRs and 95% CIs were considered as the effect size for all
studies. The reported ORs in case-control studies and HRs
in cohort studies were considered equal to RRs. We measured
the linear dose-response relation by using generalized least-
squares trend estimation, according to the methods devel-
oped by Berlin et al. (38) and Orsini et al. (39). We used the
2-stage generalized least-squares trend estimation method,
which first estimated study-specific slope lines and then com-
bined with studies in which the slopes were directly reported
to obtain an overall average slope (39). Study-specific re-
sults were combined by using a random-effects model. The
median point in each category of the DII was assigned. If
medians were not reported, we estimated approximate me-
dians by using the midpoint of the lower and upper bound-
aries. If the upper boundary of the highest category or the
lower boundary of the lowest category was not reported, we
used the reported maximum and minimum range of the DII,
respectively. If the maximum and minimum range had not
been reported, we estimated it from the reported mean and
SD values (mean =+ 3 SDs) in the study (this method was
used in 1 study). If studies reported results separately for men
and women or other subgroups, we combined the subgroup-
specific estimates by using a fixed-effects model and included
the combined effect size in the main analysis. Meta-analysis
was conducted separately for each cancer type when >2 stud-
ies reported risk estimates for the same cancer type. Potential
nonlinear association was examined by modeling the DII lev-
els with the use of restricted cubic splines with 4 knots at fixed
percentiles (5%, 35%, 65%, and 95%) of the distribution (39).
Then the study-specific estimates were combined by using
the restricted maximum likelihood method in a multivariate
random-effects meta-analysis (40). P values for nonlinearity
of the meta-analysis were calculated by testing the null hy-
pothesis that the coeflicient of the second spline was equal to
zZero.

Subgroup analyses were conducted whenever possible,
based on study design (cohort compared with case-control),
sex, study quality, the number of the DII components,
geographical region, and menopausal status. To test the po-
tential effect of each study on pooled effect size, sensitiv-
ity analyses were conducted by sequential exclusion of each
study at a time. There were no quality criteria for study inclu-
sion in the primary meta-analysis, but we conducted a sen-
sitivity analysis by restricting only to studies of high qual-
ity in a secondary analysis. Publication bias was tested by
funnel plots and by Egger’s asymmetry test and Begg’s test
(P < 0.10) (41). Between-study heterogeneity was explored
with the use of Cochrane’s Q test of heterogeneity and the I*
statistic (P < 0.05) (42), and I? statistics of 25%, 50%, and
75% were considered to show low, moderate, and high lev-
els of heterogeneity, respectively. All analyses were conducted
with Stata software, version 13 (StataCorp). A P value <0.05
was considered significant.
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Results

Our systematic search identified 5603 studies. After limit-
ing the results to studies that were published after 2014 (the
DII was developed in 2014), 1619 studies remained. After
removal of 204 duplicates and 1368 nonrelevant articles, 47
full-text articles were assessed for eligibility. Of these, 40 stud-
ies met the inclusion criteria for inclusion in the present
meta-analysis. Detailed reasons for exclusions are provided
in Figure 1. Eleven studies, with a total of 1,187,474 par-
ticipants and 28,614 incident cases, were prospective cohort
studies (43-53), and 29 studies involving 19,718 cases and
33,229 controls had a case-control design (54-82). Nine stud-
ies were conducted in the United States (45, 47-49, 51-54,
59), 2 studies were from Canada (60, 78), 5 studies were from
Asia (55, 57, 64, 67, 73), 2 studies were from Australia (43,
46), 1 was from Mexico (81), 1 was from Jamaica (77), and
20 studies were from Europe (14 from Italy) (44, 50, 56, 58,
61-63, 65, 66, 68-72,74-76,79, 80, 82). All of the studies, ex-
cept for 1 study (44), used FFQs to assess dietary intakes, and
all of the studies followed the method developed by Shivappa
et al. (24) to calculate the DII (using 18-37 dietary compo-
nents). Ten studies reported the energy-adjusted DII as the
exposure (45, 54, 56, 57, 59, 60, 63, 76, 80, 81). Three stud-
ies reported the results of the lJowa Women’s Health Study
on CRC (49), breast cancer (48), and renal cell carcinoma
(47) and were separately included in the relevant analyses.
Two studies reported the results of the Melbourne Collabora-
tive Cohort Study on urothelial cell carcinoma (43) and lung
cancer (46) and were included in the relevant analyses. An-
other prospective cohort study (44) reported risk estimates
of breast and prostate cancer and its results were separately
included in the analyses. In addition, results of the Women’s
Health Initiative on breast cancer and CRC were separately
reported in 2 studies (51, 52), which were included separately
in the relevant analyses.

The systematic search found 19 different cancer types for
which respective risk estimates have been reported in rela-
tion to the DII. General characteristics of the included stud-
ies are presented in Table 1, dietary components of the DII
in each study are provided in Supplemental Table 1, and
numbers of cases and participants/controls and the reported
risk estimates of site-specific cancers across different cate-
gories of the DII in each study are presented in Supplemental
Table 2. Finally, 9 studies reported results on CRC, 7 stud-
ies on breast cancer, and 6 studies on prostate cancer, which
were included in the dose-response meta-analysis. We also
included 2 studies in the analyses of ovarian, pancreatic, re-
nal cell, esophageal squamous cell, and esophageal adenocar-
cinoma; 11 other cancer sites were evaluated in relation to the
DII in only 1 study; thus, study-specific results are shown in
Table 2. Different anti-inflammatory and proinflammatory
components of the DII are also presented in Table 3.

CRC
Four prospective cohort studies (45, 49, 52, 53) (867,624
participants and 14,888 incident cases) and 5 case-control
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FIGURE 1

studies (55, 60, 73, 79, 82) (involving 4000 cases and 7288
controls) reported results on the association between the DII
and risk of CRC. All of the included studies reported the E-
DII or took energy intake into account to calculate the DII
or took energy intake into account in the multivariate anal-
yses. The linear trend estimation indicated that a 1-unit in-
crement in the DII was associated with a 6% higher risk of
CRC (RR: 1.06; 95% CI: 1.04, 1.08; P < 0.001; I* = 72.5%,
P-heterogeneity < 0.001; Figure 2A).

In the sensitivity analysis removing each study at a time,
the association changed from 1.05 (95% CI: 1.03, 1.06) with
the exclusion of the NIH-AARP Diet and Health Study
(53) to 1.08 (95% CI: 1.04, 1.11) with the exclusion of the
large Italian case-control study (79). None of the excluded
studies explained the between-study heterogeneity; however,
when the large Italian case-control study was excluded (79),

Literature search and study selection process for inclusion in meta-analysis of dietary inflammatory index and cancer risk.

the heterogeneity was reduced substantially (> = 51.4%,
P-heterogeneity = 0.04). The association appeared to be
stronger for the meta-analysis based on case-control studies
compared with cohort studies [pooled RRs (95% CIs): 1.12
(1.08, 1.16) compared with 1.04 (1.03, 1.05), respectively].
The results were more pronounced in men than in women, in
European studies than in US and Asian studies, and in those
studies with low and moderate quality (<7 scores) than in
those with high quality (>7 scores). Subgroup analysis on the
basis of number of the DII components (<30 compared with
>30) resulted in a significant positive relation only in those
with >30 components compared with <30 components
(Table 2). Some indications of publication bias were found
with Egger’s regression test (P = 0.01), Begg’s rank cor-
relation test (P = 0.06), and a funnel plot (Supplemental
Figure 1). An analysis after adjustment with the use of the
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TABLE 1 General characteristics of included studies in the meta-analysis of DIl and cancer risk’
Dietary
assessment Quality
Author (ref), year, Design (years of Cases/ Mean age tool (no. of score
study name, follow-up in participants orage DIl (maximum:
country cohort studies) (controls), n/n Sex range,y Outcome components) DIl score? 9 points)
Harmon et al. (45), Prospective cohort  4388/190,963 M/F 45-75 Colorectal FFQ (28) —6.641t04.95 9
2017, Multiethnic (20) cancer
Cohort, USA
Shivappa et al. (49), Prospective cohort  1636/34,703 F 55-69 Colorectal FFQ (37) —0.87 £2.02° 9
2014, lowa (19.7) cancer
Women's Health
Study, USA
Tabung et al. (52), Prospective cohort  1920/152,536 F 50-79 Colorectal FFQ (32) —7.05t05.63 8
2015, Women's (11.3) cancer
Health Initiative,
USA
Wirth et al. (53), 2015, Prospective cohort  6944/489,422 M/F 50-74 Colorectal FFQ (33) 127 247 9
NIH-AARP Dietand ~ (9.1) cancer
Health Study, USA
Cho etal. (55), 2016, Case-control 923/1846 M/F 56 Colorectal FFQ (36) 1554218 5
National Cancer cancer
Center, Korea
Sharma et al. (60), Case-control 547/685 M/F 61 Colorectal FFQ (29) Cases: 6
2017, Canada cancer —0.73 £ 1.50;
controls:
—0.89 + 1.60
Shivappa et al. (73), Case-control 153/202 M/F 53 Colorectal FFQ (18) Cases: 5
2017, Jordan cancer 1.80 £ 0.80;
controls:
1.50 4+ 1.00
Shivappa et al. (79), Case-control 1953/4154 M/F 56 Colorectal FFQ (31) Cases: 6
2015, Italy cancer 0.14 £ 1.39;
controls:
—0.06 +1.38
Zamora-Ros et al. (82),  Case-control 424/401 M/F 65 Colorectal FFQ (33) Cases: 144 6
2015, Bellvitge cancer (—0.88103.18);
Colorectal Cancer controls: 1.06
Study, Spain (—0.73t0 3.05)
Graffouillere et al. (44),  Prospective cohort  158/3613 F 49 Breast 24-h dietary 1.00 4+ 1.80 6
2016, SUVI.MAX (12.6) cancer records (36)
cohort, France
123/2648 M Prostate 030+ 1.80
cancer
Shivappa et al. (48), Prospective cohort  2910/34,700 F 55-69 Breast FFQ (29) —087+202 9
2017, lowa (25) cancer
Women's Health
Study, USA
Shivappa et al. (50), Prospective cohort  1895/49,258 F 40 Breast FFQ (29) 267 147 8
2015, SWLH, (20) cancer
Sweden
Tabung etal. (51), Prospective cohort  7495/122,788 F 50-79 Breast FFQ (32) —0.78 £ 2.61 8
2016, Women's (16) cancer
Health Initiative,
USA
Ge et al. (56), 2015, Case-control 2887/5512 F 50-74 Breast FFQ (25) Cases: 6
Germany cancer 0.86 & 1.30;
controls:
0854 1.29
Huang et al. (57),2017, Case-control 867/824 F 47 Breast FFQ (33) Cases: 6
China cancer —1.80 + 1.70;
controls:
—1204+1.90
Shivappa et al. (68), Case-control 2569/2588 F 23-74 Breast FFQ (31) —039+186 7
2017, Italy cancer
(Continued)
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TABLE 1 (Continued)

Dietary
assessment Quality
Author (ref), year, Design (years of  Cases/ Mean age tool (no. of score
study name, follow-up in participants orage DIl (maximum:
country cohort studies) (controls), n/n Sex range,y Outcome components) DIl score? 9 points)
Shivappa et al. (50), Case-control 1294/1451 M 46-74 Prostate cancer FFQ (31) <21.98to 6
2015, Italy >0.49
Shivappa et al. (64), Case-control 50/100 M 40-78 Prostate cancer FFQ (25) NA 6
2017, Iran
Shivappa et al. (77), Case-control 229/250 M 40-70 Prostate cancer FFQ (21) —1.05+1.11 6
2015, Jamaica
Shivappa et al. (78), Case-control 72/302 M 64 Prostate cancer FFQ (18) -8.871t07.98 7
2017, Canada
Vazquez-Salas et al. Case-control 394/794 M 42-94 Prostate cancer FFQ (27) Cases: 7
(81),2016, Mexico 043 4+ 2.02;
controls:
0524153
Dugue et al. (43), 2016, Prospective 379/37,442 M/F 27-76 Urothelial cell FFQ (29) Cases: —0.84 7
MCCS, Australia cohort (21.9) carcinoma (—2.05t0
0.61);
noncases:
—098 (—2.14
to 0.40)
Hodge et al. (46), 2016, Prospective 403/35,303 M/F 27-75 Lung cancer FFQ (29) —4911t04.86 7
MCCS, Australia cohort (18)
Shivappa et al. (47), Prospective 263/33,817 F 55-69 Renal cell FFQ (29) —0.87 +202 9
2017, lowa cohort (25) carcinoma
Women's Health
Study, USA
Antwi et al. (54), 2016,  Case-control 817/1756 M/F >18 Pancreatic cancer  FFQ (28) Cases: 6
SPORE, USA —0.82 +1.80;
controls:
—151+172
Lu et al. (58), 2016, Case-control 181/820 M/F 19-80 Esophageal FFQ (36) NA 6
Sweden adenocarcinomas
255/820 M/F Gastroesophageal
junctional
adenocarcinomas
158/820 M/F Esophageal
squamous cell
carcinomas
Peres et al. (59),2017,  Case-control 493/662 F 20-79 Ovarian cancer FFQ (27) Cases: 7
AACES, USA —043+184%
controls:
—0.57 £1.89
Shivappa et al. (62), Case-control 326/652 M/F 63 Pancreatic cancer  FFQ (31) Cases: 6
2015, Italy 0.26 + 1.44;
controls:
—0.13+ 140
Shivappa et al. (63), Case-control 224/256 M/F 64 Esophageal FFQ (25) —3.08t04.74 6
2017, Ireland adenocarcinomas
Shivappa et al. (65), Case-control 230/547 M/F 22-80 Gastric cancer FFQ (31) —4.78t04.71 6
2016, Italy
Shivappa et al. (66), Case-control 185/404 M/F <85 Hepatocellular FFQ (31) Cases: 6
2016, Italy cancer 0.24 4+ 1.40;
controls:
—0.11+137
Shivappa et al. (67), Case-control 47/96 M/F 40-75 Esophageal FFQ (27) Cases: 6
2015, Iran squamous cell 1.814+1.23;
cancer controls:
0.76 & 1.35

(Continued)
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TABLE 1 (Continued)
Dietary
assessment Quality
Author (ref), year, Design (years of  Cases/ Mean age tool (no. of score
study name, follow-up in participants orage DIl (maximum:
country cohort studies) (controls),n/n  Sex range,y Outcome components) DIl score? 9 points)
Shivappa et al. (69), Case-control 690/665 M/F <60 to Bladder cancer FFQ (31) Cases: 5
2017, Italy >75 —0.63 4+ 1.94;
controls:
—0.93 +£2.00
Shivappa et al. (70), Case-control 767/1534 F/M 22-79 Renal cell FFQ (31) Cases: 6
2017, Italy carcinoma 0134+ 1.39;
controls:
—0.06 + 1.38
Shivappa et al. (71), Case-control 1031/2411 F 56-57 Ovarian cancer FFQ (31) —6.20t0 6.00 5
2016, Italy
Shivappa et al. (72), Case-control 460/1088 M/F 30-80 Laryngeal cancer FFQ (31) Cases: 6
2016, Italy 044 +£147;
controls:
—017+ 141
Shivappa et al. (74), Case-control 536/984 M/F Non-Hodgkin FFQ (30) —423t03.62 6
2017, ltaly lymphoma
Shivappa et al. (75), Case-control 198/594 M/E 18-76 Nasopharyngeal FFQ (31) Cases: 6
2016, Italy carcinoma 0.28 +1.49;
controls:
—0.09 £ 140
Shivappa et al. (76), Case-control 454/908 M/F 18-79 Endometrial FFQ (31) Cases: 7
2016, Italy cancer 0.05 =+ 1.403;
controls:
—0.03£148
Shivappa et al. (80), Case-control 304/743 M/F 39-77 Esophageal FFQ (31) Cases: 6
2015, Italy squamous cell 047 +1.50%;
cancer controls:
—0.19+£ 140

TAACES, African American Cancer Epidemiology Study; DII, Dietary Inflammatory Index; MCCS, Melbourne Collaborative Cohort Study; NA, not available; ref, reference; SPORE,
Specialized Program of Research Excellence; SUVI.MAX, Supplementation en Vitamines et Minéraux Antioxydants; SWLH, Swedish Women'’s Lifestyle Study.

2Values are means = SDs, ranges, or medians (IQRs).
3 From foods and supplements.

trim and fill method showed a slightly decreased pooled RR
(1.04; 95% CI: 1.02, 1.07; n = 13 studies).

Nonlinear dose-response meta-analysis showed that, af-
ter a somewhat unchanged risk within initial scores of the
DII, the risk of CRC increased in a linear fashion with
increasing the DII score from negative boundary (more
healthy, less proinflammatory) toward positive boundary,
which represents more proinflammatory features of the diet
(P-nonlinearity < 0.001; Figure 2B). Sensitivity analysis with
the use of 4 cohort studies showed a nearly similar result with
the main analysis (P-nonlinearity < 0.001; Figure 2C).

Breast cancer

Four cohort studies (44, 48, 50, 51) (210,362 participants and
12,458 incident cases) and 3 case-control studies (56, 57, 68)
(involving 6323 cases and 8924 controls) were included in the
analysis of breast cancer. All of the included studies reported
the energy-adjusted DII or took energy intake into account in
the multivariate analyses or took energy intake into account
to calculate the DII. Dose-response meta-analysis indicated
that a 1-unit increase in the DII was weakly associated with
the risk of breast cancer (pooled RR: 1.03; 95% CI: 1.00, 1.07;
P = 0.03, I* = 84.0%, P-heterogeneity < 0.001; Figure 3A).
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In the sensitivity analysis, the pooled RR was altered from
1.02 (95% CI: 0.99, 1.04) with the exclusion of the Chinese
case-control study (57) to 1.05 (95% CI: 1.00, 1.09) with
the exclusion of the German case-control study (56). None
of the excluded studies explained the heterogeneity. In the
subgroup analyses, a nonsignificant positive association per-
sisted across all subgroups but appeared to be stronger in
the case-control subgroup than in cohorts, in Asian studies
than in Western studies, in those with >30 DII components
than in those with <30 components, and among high-quality
studies (Table 2). Subgroup analyses yielded study type and
number of the DII components as the potential sources of
the heterogeneity (Table 2). Begg’s test (P = 0.07) but not Eg-
ger’s asymmetry test (P = 0.10) showed some indications of
publication bias. The funnel plot also seemed to be asymmet-
ric (Supplemental Figure 2). Adjustment with the use of the
trim and fill method resulted in a nonsignificant association
(pooled RR: 1.02; 95% CI: 0.97, 1.06; n = 8 studies).
Nonlinear dose-response meta-analysis showed a slight
increase in risk along with the increase in the DII from
the less proinflammatory boundary toward the more proin-
flammatory boundary (P-nonlinearity = 0.008; Figure 3B).
A sensitivity analysis with the use of 4 prospective cohort



TABLE2 RRs/ORs of site-specific cancers associated with a 1-unit increment in the DII'

Cancer type Cases, n Pooled RR (95% Cl) 2, % P-heterogeneity
Colorectal cancer
All studies 18,888 1.06 (1.04,1.08) 725 <0.001
Study type
Cohort 14,888 1.04 (1.03,1.05) 0 0.67
Case-control 4000 1.12(1.08,1.16) 234 0.67
Sex
Men 8278 1.09(1.04,1.14) 76.6 0.005
Women 8767 1.05(1.02,1.08) 67.8 0.008
Region
United States+Canada 15,435 1.04 (1.03, 1.05) 0 0.54
Europe 2377 1.11(1.07,1.16) 27.9 0.24
Asia 1076 1.25(097,1.25) 599 0.1
Study quality
>7 (high) 14,888 1.04(1.03,1.05) 0 0.67
<7 4000 1.12(1.08,1.16) 234 0.67
DIl components
<30 5088 1.09 (0.99,1.19) 69.1 0.04
>30 13,800 1.07(1.04,1.10) 77.2 <0.001
Breast cancer
All studies 18,781 1.03(1.00, 1.07) 84.0 <0.001
Study type
Cohort 12,458 1.01(0.99,1.02) 16.0 0.31
Case-control 6323 1.12(1.00, 1.25) 933 <0.001
Menopausal status
Postmenopause — 1.01(0.99, 1.03) 614 0.05
Pre-/perimenopause — 1.21(0.65, 1.76) 95.8 <0.001
Region
Europe 7509 1.03(0.98,1.08) 76.2 0.006
United States 10,405 1.00 (0.99,1.02) 0 0.50
Asia 867 140 (1.25,1.59) — —
Study quality
>7 (high) 14,869 1.03(1.00, 1.06) 81.1 0.001
<7 3912 1.11(0.92,1.30) 90.7 <0.001
DIl components
<30 7692 1.01(0.99,1.04) 413 0.18
>30 11,089 1.09(0.99,1.18) 91.2 <0.001
Prostate cancer
All studies 2162 1.06 (0.97,1.15) 56.2 0.04
Study type
Cohort 123 0.94(0.83,1.07) — —
Case-control 2039 1.10 (0.99, 1.20) 50.6 0.09
Study quality
>7 (high) 466 1.20 (0.69,1.71) 62.7 0.10
<7 1696 1.08(0.94,1.22) 65.0 0.30
DIl components
<30 745 1.22(0.98,1.47) 62.9 0.04
>30 1417 1.01(0.90,1.13) 66.3 0.08
Pancreatic cancer
Case-control 1143 1.16 (1.05, 1.28) 616 0.10
Sex
Men 635 1.11(1.04,1.18) 0 048
Women 508 1.19(0.97,1.41) 715 0.06
Ovarian cancer
Case-control 3442 1.08(1.03,1.13) 0 1.00
Menopausal status
Postmenopause 1038 1.12(1.05,1.18) 0 0.64
Pre-/perimenopause 484 1.02(092,1.12) 16.3 0.27
Esophageal squamous cell
Case-control 351 1.24(1.10, 1.38) 64.3 0.09
Renal cell carcinoma
All studies 1030 1.08(1.02,1.13) 0 0.85
Study type
Cohort 263 1.07(1.00, 1.15) — —
Case-control 767 1.08(1.01,1.15) — —
(Continued)
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TABLE 2 (Continued)
Cancer type Studies, n Cases, n Pooled RR (95% CI) 2, % P-heterogeneity
Esophageal adenocarcinoma

Case-control 2 405 1.26(1.13,1.39) 0 0.55
Lung cancer

Cohort 1 403 1.08(1.00, 1.18) — —
Endometrial cancer

Case-control 1 454 1.07 (0.98,1.17) — —
Bladder cancer

Case-control 1 690 1.11(1.03,1.20) — —
Gastric cancer

Case-control 1 230 1.19(1.06, 1.34) — —
Hepatocellular cancer

Case-control 1 185 1.24(1.02,1.51) — —
Nasopharyngeal cancer

Case-control 1 198 1.09 (1.02,1.16) — —
Laryngeal cancer

Case-control 1 460 1.27 (115, 1.40) — —
Esophageal squamous cell

Case-control 1 158 1.29(1.13,1.45) — —
Gastroesophageal junctional

adenocarcinoma

Case-control 1 255 1.19(1.00, 1.30) — —
Urothelial cell carcinoma

Cohort 1 379 1.04(0.98, 1.10) — —
Non-Hodgkin lymphoma

Case-control 1 536 1.14(1.02,1.27) — —

DI, Dietary Inflammatory Index.

studies yielded nearly similar results to the main analysis
(P-nonlinearity = 0.09; Figure 3C).

Prostate cancer

The systematic search identified 1 cohort (44) (2648 par-
ticipants and 123 cases) and 5 case-control studies (61, 64,
77, 78, 81) (2039 cases and 2897 controls) that reported
risk estimates on the DII and the risk of prostate can-
cer. A nonsignificant association was found between a 1-
unit increase in the DII and the risk of prostate cancer
(pooled RR: 1.06; 95% CI: 0.97, 1.15; P = 0.15, I* = 56.2%,
P-heterogeneity = 0.04; Figure 4A).When analysis was
restricted to the 4 case-control studies, the association
changed to 1.10 (95% CI: 0.99, 1.20; P = 0.10, I = 50.6%,
P-heterogeneity = 0.08). In the sensitivity analysis removing
each study at a time, the association was altered from 1.04
(95% CI: 0.95, 1.12) with the exclusion of the Jamaican case-
control study (77) to 1.10 (95% CI: 0.95, 1.25) with the exclu-
sion of the Italian case-control study (61), and the Jamaican
study explained much of the heterogeneity (I* = 52.2%, P-
heterogeneity = 0.08). There was no evidence of publication
bias with Egger’s test (P = 0.15) and Begg’s test (P = 0.13),
but the funnel plot seemed to be asymmetric (Supplemental
Figure 3).

One study reported the DII only in 2 categories (64), and
in another study the range of the DII was very different from
that in other studies (61). Therefore, the nonlinear dose-
response association was tested by using the results of 4 stud-
ies (44, 77, 78, 81), and we observed that the risk of prostate
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cancer increased very slightly with increasing inflammatory
potential of diet (P-nonlinearity = 0.04; Figure 4B).

Other types of cancers

Results of 16 other types of cancer are shown in Table 2. Sig-
nificant positive associations were found in the analyses of
pancreatic cancer (54, 62), ovarian cancer (59, 71), renal cell
carcinoma (47, 70), esophageal squamous cell carcinoma (67,
80), and esophageal adenocarcinoma (58, 63). With regard to
11 other cancer types for which only 1 study was available,
significant positive associations were observed for bladder
(69), gastric (65), laryngeal (72), nasopharyngeal (75), hep-
atocellular (66), and esophageal squamous cell (58) carcino-
mas and non-Hodgkin lymphoma (74) but not for urothe-
lial cell carcinoma (43), endometrial cancer (76), lung cancer
(46), and gastroesophageal junctional adenocarcinoma (58)
(Table 2). The included studies did not report on total can-
cer outcome; therefore we did not evaluate total cancer in the
meta-analysis.

Discussion

The present meta-analysis examined the association between
inflammatory features of diet- and site-specific cancer risk
with the use of data from 11 cohort and 29 case-control stud-
ies in >1,200,000 participants. Our findings indicated that a
1-unit increment in the DII score was associated with a 6%
higher risk of CRC, and was nominally associated with the
risk of breast cancer (by 3%) and prostate cancer (by 6%).
For other cancer types reported in only 1 or 2 studies, signif-
icant positive associations were found, except for urothelial



TABLE 3 Food variables included in the DII'

Inflammatory potential

Number Food variables Negative Positive
1 Alcohol *

2 Vitamin B-6 *

3 B-Carotene *

4 Caffeine *

5 Eugenol *

6 Fiber *

7 Folate *

8 Garlic *

9 Ginger *

10 Magnesium *

11 Monounsaturated fat *

12 Polyunsaturated fat *

13 Niacin *

14 n-3 FAs *

15 n-6 FAs *

16 Onion *

17 Riboflavin *

18 Saffron *

19 Selenium *

20 Thiamin *

21 Turmeric *

22 Vitamin A *

23 Vitamin C *

24 Vitamin D *

25 Vitamin E *

26 Zinc *

27 Green/black tea *

28 Flavan-3-ol *

29 Flavones *

30 Flavonols *

31 Flavonones *

32 Anthocyanidins *

33 Isoflavones *

34 Pepper *

35 Thyme/oregano *

36 Rosemary *

37 Vitamin B-12 *
38 Carbohydrate *
39 Cholesterol *
40 Energy *
41 Total fat *
42 Saturated fat *
43 trans Fat *
44 Iron *
45 Protein *

'DII, Dietary Inflammatory Index.

cell carcinoma, lung cancer, endometrial cancer, and gastroe-
sophageal junctional adenocarcinoma. Our results are con-
sistent with previous findings that indicated that a healthier
diet, higher diet quality, eating more fruit and vegetables, and
having dietary habits consistent with dietary guidelines were
significantly and inversely associated the risk of different can-
cer types (83-87).

Our findings reflect those of 2 other recent meta-analyses
of the association between the DII and CRC (30, 88).
A recent meta-analysis of 4 studies suggested that more-
proinflammatory diet scores were associated with a 12-65%
higher CRC risk compared with a more anti-inflammatory

Author Year  Country ES (95% Cl)
Cohort
Shivappa (49) 2014 US 1.07 (1.01,1.13)
Tabung (52) 2015 US 1.03 (1.00, 1.05)
Wirth (53) 2015 US 1.04 (1.03,1.05)
Harmon (45) 2017 US 1.04 (1.0, 1.05)
Subtotal (I-squared = 0.0%, p = 0.667) (] 1.04 (1.03,1.05)
|
Case-control !
Cho (55) 2016 Korea - 115 (1.06, 1.25)
Shivappa (79) 2015 ltaly ] 1.13 (109, 1.18)
Zamora-Ros (82) 2015 Spain = 1.08 (1.01,1.15)
Shivappa (73) 2017 Jordan ! 145 (1.13, 1.85)
Sharma (60) 2017 Canada He- 1.10 (1.01,1.20)
Subtotal (I-squared = 23.4%, p = 0.265) :0 1.12 (1.08, 1.16)
Overall (I-squared = 72.5%, p = 0.000) ] 1.06 (1.04, 1.08)
NOTE: Weights are from randorn effects analysis
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FIGURE 2 (A) Summary risk estimates for the association between
a T-unitincrement in the DIl score and risk of colorectal cancer. (B)
Dose-response associations between the DIl and risk of colorectal
cancer (from all studies). (C) Dose-response association between
the DIl and risk of colorectal cancer (from 4 cohort studies). (B, C)
P-nonlinearity < 0.001. The solid lines and dashed lines represent
RRs and 95% Cls, respectively. DII, Dietary Inflammatory Index; ES,
effect size.

diet (30). Another recent meta-analysis of 4 cohort and 5
case-control studies indicated that a 1-unit increment in the
DII was associated with a 7% higher risk of CRC (88), com-
pared with 6% in the present meta-analysis. Inflammatory
pathways are highly involved in the pathogenesis of CRC (8),
and a recent meta-analysis of 18 prospective cohort stud-
ies indicated that a 1-unit increase in the natural logarithm
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A

Author

Graffouillere (44)
Stivappa (77)
Vazquez-Salas (81)
Shivappa (64)
Shivappa (61)

‘Shivappa (78)

Overall (-squared = 56.2%, p = 0.044)

NOTE: Weights are

Year

2016

2015

2016

2017

2015

2017

Country

France

Jamaica

Mexico

Iran

italy

Canada

from random effects analysis

Design

cohort

case-control

case-control

case-control

case-control

case-control

ES (95% CI)

0.94 (083, 1.07)

1.27 (0.98, 1.50)

1.02(0.94,1.11)

1.45 (1.04,2.03)

1.06 (1.00, 1.13)

168 (1.05,2.38)

1.06 (0.97, 1.15)

Author Year  Study ES (95% CI)
Cohort
Graffoulere (44) 2016 SUVIMAX 0.99 (089, 1.11)
Tabung (51) 2016 WHI 1.00(0.99, 1.02)
Shivappa (48) 2016 IWHS 1.01(0.99, 1.04)
Shivappa (50) 2015 SWLH 1.04 (1.01,1.09)
Subtotal (-squared = 16.0%, p = 0.312) 1.01(0.99, 1.02)
Case-control .
Ge (56) 2015 German study 0.99 (0.96, 1.03)
Shivappa (68) 2017 ltalian study = 1.09 (1,05, 1.14)
Huang (57) 2017 Guangzhou study H—— 140 (1.25, 1.59)
Subtotal (-squared = 93.3%, p = 0.000) > 112 (1,00, 1.25)
Overall (I-squared = 84.0%, p = 0.000) 0 1.03 (1,00, 1.07)
NOTE: Weights are from random effects analysis H
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FIGURE 3 (A) Summary risk estimates for the association between
a T-unit increment in the DIl and risk of breast cancer. (B)
Dose-response associations between the DIl and risk of breast
cancer (from all studies). P- nonlinearity = 0.008. (C) Dose-response
associations between the DIl and risk of breast cancer (from cohort
studies). P-nonlinearity = 0.09. The solid lines and dashed lines
represent RRs and 95% Cls, respectively. DI, Dietary Inflammatory
Index; ES, effect size; IWHS, lowa Women'’s Health Study; SUVIMAX,
Supplementation en Vitamines et Minéraux Antioxydants; SWLH,
Swedish Women's Lifestyle Study; WHI, Women's Health Initiative.

(In) CRP was associated with a 12% higher risk of CRC (89).
In accordance with our findings, existing evidence sug-
gests that a higher consumption of inflammation-related
dietary components such as whole grains, fiber, and veg-
etables are inversely, and red meat is positively associated
with the risk of CRC (90-94). A recent meta-analysis of 40
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FIGURE 4 (A) Summary risk estimates for the association between
a T-unitincrement in the DIl and risk of prostate cancer. (B)
Dose-response associations between the DIl and risk of prostate
cancer. P-nonlinearity = 0.04. The solid lines and dashed lines
represent RRs and 95% Cls, respectively. DlI, Dietary Inflammatory
Index; ES, effect size.

cohort and case-control studies also indicated that healthy
dietary patterns may have protective effects against CRC,
whereas a Western-style diet with more proinflammatory
features might increase the risk (92).

In the analysis of breast cancer, we found a marginally sig-
nificant positive association. It has previously been reported
that some individual anti-inflammatory components of the
DII, such as fiber and omega-3 FAs could significantly reduce
the risk of breast cancer (95, 96), and some proinflammatory
components such as total fat and red meat (represented by
iron and protein in the DII scoring systems) could signifi-
cantly increase the risk (97, 98). However, we observed that
a higher DII score, as representative of a more proinflamma-
tory and less anti-inflammatory diet, did not show such an
increased risk. Of 7 included studies in the analysis of breast
cancer, only 3 studies reported a significant positive associ-
ation (48, 57, 68). Thus, it is possible that that the associa-
tion between diet and breast cancer is mediated by mech-
anisms other than inflammation. However, we may have
been underpowered to observe a significant effect. A pos-
sible explanation is the role of alcohol consumption, which
has been identified as one of the well-established risk factor
for breast cancer (99) but in the DII scoring system has been



considered as an anti-inflammatory component. The differ-
ent impact of diet on the risk of breast cancer phenotypes
must also be considered (51). Of 7 included studies, only
3 addressed this issue; 2 studies showed a worse progno-
sis for an estrogen receptor—positive/progesterone receptor—
positive phenotype (56, 57), whereas another showed a some-
what opposite outcome (52).

In the present meta-analysis, results for 19 different cancer
types were reported; of these, significant positive associations
were found for 13 cancer types, and a marginally significant
association was found for another cancer type (breast can-
cer). However, some important limitations need to be con-
sidered. In the analyses of colorectal and breast cancers, the
associations were attenuated substantially in the subgroup of
cohort studies and among studies with a fewer number of
components used to calculate the DII (<30 compared with
>30). It seems that the increment in the number of com-
ponents strengthened the associations. However, due to the
low number of studies, we could not appropriately test the
associations across different combinations of the DII. It has
not been clearly determined how the associations change
along with the change in the DII composition. A recent meta-
analysis of 17 prospective cohort studies and clinical trials
suggested an individual role for specific Mediterranean diet
components in determining disease risk outcome, in which
individual components were not equally associated with the
risk of cardiovascular outcomes (100). However, with regard
to the DII we have not such summarized evidence and future
investigations may be needed to fully investigate the possi-
ble effects of each DII component or group of components,
such as flavonoids on the strength of the associations, es-
pecially in different geographical regions with different di-
etary habits and different intakes of each component. We
also have only 1 study for 11 cancer types, of which 9 stud-
ies had a case-control design and were mainly low quality
(score of <7). Case-control studies are subject to recall bias,
selection bias, and reverse causation bias. In addition, 14 of
29 case-control studies were conducted in Italy. Existing evi-
dence suggests a possible interaction between dietary factors
and genetic variants on the risk of cancers (101, 102). Thus,
it may be helpful to conduct more high-quality studies for
some of the cancer types with only 1 study, especially among
more diverse populations with possible different genetic
susceptibilities.

There are several potential mechanisms through which
a possible link between diet and cancer risk has been pro-
posed. In the present review, we focused on inflammation.
It has been indicated that there is a powerful link between
chronic inflammation and different types of cancers (7, 103,
104), in a way that ~20% of all cases of cancer mortality
are attributable to the inflammation and chronic infections
(105). However, the underlying mechanisms of these rela-
tions are not fully characterized. Leukocyte infiltration, accu-
mulation of macrophages, and activation of transcription fac-
tors (mainly NF-«B) are some of the suggested pathways that
may lead to inappropriate gene expression, enhanced prolif-
eration, and resistance to apoptosis of initiated cells, which,

in turn, can result in the development and spread of tumor
cells (105). In this regard, activation of NF-« B pathways is a
crucial mechanism that plays a key mediatory role between
inflammation and carcinogenesis (106).

The possible mechanisms by which dietary features are
associated with inflammatory status are not completely well
specified. However, some possible explanations were pro-
posed. In the DII scoring system, energy, carbohydrates, and
total fats are proinflammatory components, and through in-
creasing body weight, they might lead to worse inflammatory
status (107). SFAs through mechanisms such as activation
of NF-«B, protein kinase C, and mitogen-activated protein
kinases, and subsequent induction of inflammatory genes
(108), trans FAs through increasing the activation of the TNF
system (109), polyphenols through decreasing the activation
of NF-«B pathways (10), magnesium through direct effects
on glucose and insulin homeostasis (110), vitamin C through
decreasing oxidative stress (111), vitamin E through reduc-
ing proinflammatory cytokine expression (112), and n-3 FAs
by decreasing the baseline production of hydrogen peroxide
and subsequent activation of NF-«B (113) are some of the
anti-inflammatory and proinflammatory components of the
DII, all of which have been proposed to be associated with
inflammatory status. In addition, the DII consists of several
antioxidant components and it is thought that oxidative stress
plays a role in development and progression of inflammation
(114).

The present meta-analysis has some strengths. First, we
were able to comprehensively examine the association be-
tween the inflammatory potential of diet and site-specific
cancer risk. Second, we used the DII as an index of dietary
inflammatory properties, which confers a more comprehen-
sive understanding from inflammatory features of the diet
than does a single food or nutrient. Third, we could show the
shapes of the dose-response relations, which clarified how the
risk of colorectal, breast, and prostate cancers change along
with the increase in the inflammatory features of the diet.

Some limitations also should be considered when in-
terpreting our results. Most of the included studies had a
case-control design. Thus, some limitations of these types
of studies must be considered. In addition, 14 studies were
from Italy. Thus, we were not able to examine the associ-
ations in different geographical regions. Third, our results
were accompanied by some evidence of heterogeneity, poten-
tially due to different study designs (cohort compared with
case-control), different dietary components used to calculate
the DII (18-37 variables), and different adjustment models.
Fourth, some evidence of publication bias was found in the
analyses of colorectal and breast cancers. In addition, publi-
cation bias tests were conducted only in 6 studies in the anal-
ysis of prostate cancer. Thus, the results with regard to no ev-
idence of bias may simply be due to chance. Thus, our results
may have been affected by publication bias. Finally, the DII
consists of 45 different dietary components, with various, and
possibly unknown, biological functions. Existing evidence
suggests that these nutritional compounds through mecha-
nisms other than inflammation are also linked to cancer risk.
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Thus, the confounding effects of these pathways should be
considered.

In conclusion, the present meta-analysis suggested that
greater dietary inflammatory properties, represented by the
DII were associated with higher risk of 15 site-specific can-
cers. It may be helpful to replicate the investigations with the
use of more high-quality studies to test the association be-
tween the DII and cancer risk in different geographical re-
gions with different dietary habits and possibly different ge-
netic susceptibilities.
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