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A B S T R A C T   

Cancer remains the second leading cause of death globally. Chronic inflammatory environments promote the 
growth of tumors, and the intake of certain food items can increase systemic inflammation. This study examined 
the relationship between the inflammatory potential of diet, measured by the Dietary Inflammatory Index (DII), 
and recurrence, all-cause, and cancer-specific mortality among cancer survivors. Web of Science, Medline, 
CINHAL, and PsycINFO databases were searched in April 2022. Two independent reviewers screened all 
searches. Of the 1,443 studies, 13 studies involving 14,920 cancer survivors passed all the screening stages. Three 
studies reported cancer recurrence, 12 reported all-cause mortality, and six reported cancer-specific mortality. 
Seven studies calculated DII from pre-diagnosis diets, five from post-diagnosis diets, and one from both pre-and 
post-diagnosis diets. A random-effects model meta-analysis showed that high DII was not associated with an 
increased risk of recurrence (HR = 1.09, 95 % CI = 0.77, 1.54, n = 4) and all-cause (HR = 1.08, 95 % CI = 0.99, 
1.19, n = 14) and cancer-specific mortality (H = 1.07, 95 % CI = 0.92, 1.25, n = 6). Analysis by the timing of 
dietary assessment showed that only post-diagnosis DII was associated with an increased risk of all-cause mor
tality (HR = 1.34, 95 % CI = 1.05, 1.72, n = 6) by 34 %; however, cancer type did not modify these associations. 
The quality of the study assessed using the Newcastle Ottawa Scale indicated all but one studies were good. The 
risk of all-cause mortality among cancer survivors could be reduced by consuming more anti-inflammatory diets 
after cancer diagnosis.   

Introduction 

Cancer is currently the second leading cause of death in the United 
States (US), with 1958,310 new cancer cases and 609,820 cancer deaths 
estimated in 2023 [1]. The link between cancer and diet has been well 
established, with large prospective studies [2,3] demonstrating a sig
nificant association between specific dietary components and cancer 
risk. For example, the European Prospective Investigation into Cancer 
and Nutrition (EPIC) study measured the food consumption of over 500, 
000 individuals in ten European countries and demonstrated that 

doubling fiber intake from average consumption levels could signifi
cantly halve the risk of colorectal cancer (RR = 0.5) [2]. A meta-analysis 
of 14 cohort studies showed that women who consumed highest levels of 
saturated fat were 1.19 times more likely to develop breast cancer, 
compared with those who ate lowest levels [3]. Another large 
meta-analysis of cohort studies also showed that diet quality, as 
measured by various dietary quality indices, was inversely associated 
with cancer incidence or mortality, reporting an 11–16 % reduced risk of 
cancer incidence among participants without cancer at baseline, while a 
12–23 % decreased risk of all-cause mortality or an 11–25 % decreased 
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risk of cancer-specific mortality among cancer survivors [4]. 
Inflammation can play a substantial role in cancer development and 

progression [5]. Chronic inflammation promotes immunosuppression 
primarily through the action of immature myeloid-derived suppressor 
cells [6]. The suppression of the innate and adaptive immune system 
leads to pro-cancer inflammatory environments that promote the for
mation and growth of tumors, while preventing effective anti-tumor 
responses [6]. Nutrition can modulate inflammation, as evidenced by 
decreasing inflammatory biomarkers, such as high-sensitivity C-reactive 
protein, interleukin-6, and tumor necrosis factor alpha, with the intake 
of certain food items, such tomatoes, walnuts, garlic powder and flax
seed flour [7,8]. Thus, there has been growing interest in the interplay 
between diet, inflammation, and cancer risks. 

The Dietary Inflammatory Index (DII) was developed in 2004 by 
Cavicchia’s team at the University of South Carolina’s Arnold School of 
Public Health to quantify inflammatory potential of diet, with the first 
version of the DII published in 2009 [9]. The association between con
sumption levels of relevant dietary factors (i.e., energy, 32 nutrients, 
four food products, four spices, and caffeine) and the levels of inflam
matory biomarkers (i.e., inflammatory weight) was found through the 
scoring of 927 peer-reviewed articles published in biomedical journals 
up to 2007. The DII was calculated as a sum of multiplications of the 
dietary inflammatory weight of those 42 dietary parameters mentioned 
times the intake [10]. The second version of the DII developed by Shi
vappa et al. in 20148 marked a major improvement in its reliability by 
including 1943 publications published up to December 2010 and 
determined 45 main food parameters most relevant to inflammation. It 
also used 11 large dietary data sets from diverse global locations to 
develop a composite database, accounting for the diversity of diet and 
reflecting dietary norms to which reported dietary intake could be 
compared [8]. 

The effects of diet-associated inflammation on health outcomes, such 
as cardiovascular diseases and cancers, have been accumulated using 
the original and the revised versions of DII. Consequently, meta-analyses 
were conducted to report a robust association between a high DII cate
gory and an increased risk for cancer incidence including breast cancer 
[11–13], colorectal cancer [14–16], esophageal cancer [17], gastric 
cancer [18], gynecological cancers [19], ovarian cancer [20], pancreatic 
cancer [21], prostate cancer [22,23], urologic cancer [24], and upper 
aerodigestive tract cancers [25,26], while only one meta-analysis was 
conducted for cancer mortality [27], reporting individuals in the highest 
category of DII score having an increased risk of cancer mortality (RR 
1.67; 95 % CI 1.13, 2.48) [27]. However, this meta-analysis included 
only two publications, one [28] of which examined cancer mortality 
among prostate cancer survivors, suggesting that there is a need to up
date the meta-analysis on cancer mortality among survivors. The current 
meta-analysis aimed to determine the strength of associations between 
inflammatory potential of diet, measured by the DII, and cancer out
comes (i.e., recurrence, all-cause mortality, and cancer-specific mortal
ity) among cancer survivors. 

Materials and methods 

The Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) statement was used to structure the current study. 
The review protocol was registered in the International Prospective 
Register of Systematic Reviews (PROSPERO; University of York; York, 
United Kingdom) in August 2022 (CRD42022350719). 

Literature search 

The initial group of potential sources was accumulated through 
searches of the Web of Science, Medline, CINHAL, and PsycINFO data
bases on April 15, 2022. Keywords and extenders — such as inflam
mation, dietary inflammatory index, diet inflammatory potential, DII, 
cancer, malignancy, carcinogenesis, recurrence, mortality, death, 

survival, and prognosis — were used to collect as many publications 
pertaining to DII and cancer outcomes as possible. The search was 
limited to articles published in peer-reviewed journals after January 1, 
2009, as DII was first published in 2009 [9]. The reference lists of the 
included studies and prior meta-analyses and review articles were 
reviewed to identify additional publications that could be eligible. The 
full search strategies are shown in Supplementary Table S1. 

Eligibility criteria 

All initial search were exported to Covidence® (Covidence, Inc.; 
Melbourne, Australia) [29] to be screened for eligibility with stream
lined features. Screening was based on its compatibility with the 
pre-established Participants, Exposure, Comparison, Outcome, and 
Study design (PECOS) framework, shown in Supplemental Table S2, 
which guided study eligibility. The population consisted of adult cancer 
survivors (age ≥ 18 years) with an exposure of dietary inflammatory 
potential calculated through the DII. Comparisons were made between 
the highest category of DII score, indicating the most pro-inflammatory 
diet, and the lowest category, indicating the most anti-inflammatory 
diet. The outcomes of cancer recurrence, all-cause mortality, and 
cancer-specific mortality through a hazard ratio (HR) or risk ratio (RR) 
with a 95 % confidence interval (CI) were evaluated. Study designs 
included cohort studies with follow-up evaluations. Initial screenings 
were performed by reviewing titles and abstracts. After this stage, the 
remaining articles were subject to a full-text review to determine its 
eligibility. Each source was reviewed by two blinded reviewers, and any 
conflicts were resolved through discussions to reach a consensus. 

Quality assessment 

The methodological quality of included studies was evaluated using 
the modified Newcastle-Ottawa Scale for cohort studies [30]. This scale 
examines the quality of cohort studies based on three main domains: (1) 
the adequacy of the recruitment/selection of study participants, (2) 
comparability of comparison groups, and (3) ascertainment of out
comes. A study receives a star for meeting a specific criterion within 
these domains. The total score for this assessment ranges from 0 to 9 
stars, with a score of 7+ stars indicative of “good quality”, and a score of 
≤3 stars indicative of “poor quality.” 

Data extraction 

Data extracted from each study were as follows: (1) Study charac
teristics: title, first author, year of publication, country of study, study 
name, study design, sample size, and follow-up periods, (2) Population 
characteristics: age, race/ethnicity, sex, smoking status, body mass 
index (BMI), and cancer type, (3) Exposure: the timing of dietary 
assessment regarding cancer diagnosis (pre- or post-diagnosis), dietary 
assessment methods, DII version, the number of food parameters 
included in DII calculation, and supplement use, (4) Comparison: high 
versus low DII categories or continuous comparison, and (5) Outcome: 
recurrence and mortality (all-cause and cancer-specific), RR/HR (i.e., 
RR/HRHighVs.Low) and 95 % CI, and the covariates included in the 
multivariable model. 

Data synthesis & statistical analysis 

Meta-analysis was conducted using a random-effects model with 
Bayesian method comparing the highest DII category (indicating the 
most inflammatory potential) versus lowest DII category. A Bayesian 
method is the preferred approach when the number of studies included 
in the meta-analysis is small, as it reflects uncertainty in the estimation 
of between-study heterogeneity [31]. Two studies [32,33] reported HRs 
comparing the lowest versus the highest DII categories (i.e., HRLowVs. 

High), therefore, appropriate mathematical conversions were conducted 
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before including them in the analysis. When a study reported both re
sults using DII with and without supplement use, the result with sup
plement use was included in the meta-analysis as more studies included 
supplement use in the calculation of DII. The analysis was stratified by 
outcomes, the timing of dietary assessment (pre-or post-diagnosis), and 
cancer type in order to determine whether any of these factors had a 
significant modifying effect on cancer outcomes, in conjunction with DII 
score. Heterogeneity between studies was assessed using Q tests and I2 

tests, while a sensitivity analysis was conducted by excluding one study 
at a time to determine if the results were sensitive to the influence of a 
single study. Publication bias was assessed with funnel plots and Egger’s 
tests when more than ten studies were included in a meta-analysis [34]. 
Statistical analyses were conducted using Stata v. 17 (StataCorp LLC; 
College Station, TX) and the metafor package [35] of R software R (R 
Core Team; Vienna, Austria). A two-tailed P ≤ 0.05 was considered 

statistically significant. 

Results 

Search results 

The search of the Web of Science, Medline, CINHAL, and PsycINFO 
databases yielded 569 unique studies, of which 86 were duplicates and 
automatically removed by Covidence®, leaving 483 to be screened for 
titles and abstracts. Out of the 483 studies, 447 were found to be irrel
evant, leaving 36 for to be screened in full for eligibility. Out of these 
studies, 23 were excluded, leaving 13 studies for data extraction as 
shown in the PRISMA flowchart (Fig. 1). The reasons for exclusion are 
presented in Supplementary Table S3. 

Fig. 1. PRISMA Flow Chart.  
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Characteristics of included studies 

The relevant characteristics of each study are presented in Table 1. 
Five studies were conducted in the US [32,33,36–38], two studies in 
Italy [28,39], two studies in Australia [40,41], and one each in Poland 
[42], Netherlands [43], Korea [44], and Germany [45]. The 13 studies 
were all cohort studies, with follow-up periods ranging from 1 year [42] 
to 14.6 years [38] after diagnosis. Twelve, six, and three studies re
ported the relationship between DII and all-cause mortality [28,32,33, 
37–45], cancer-specific mortality [28,32,33,38–40], and recurrence 
[36,43,44], respectively. Five studies [32,36,42,43,45] examined colo
rectal cancer, four [33,38,39,44] breast cancer, two [37,40] ovarian 
cancer, one [41] on endometrial cancer, and one [28] prostate cancer. 
The sample size varied from 463 colorectal cancer survivors [32] to 
2150 breast cancer survivors [33], both from Women’s Health Initiative 
(WHI) study, leading to a total sample size of 14,920 cancer survivors in 
the current study. The proportion of female participants varied from 0 % 
in a prostate cancer study [28] to 100 % in women’s cancer studies [33, 
37–41,44] and a colorectal study from WHI [32]. 

Dietary inflammatory index 
Dietary intakes were assessed using food frequency questionnaires 

(FFQs), with the exception of one study [44], which used a 24 h dietary 
recall method. All studies compared DII using a dichotomous compari
son (e.g., high vs. low, tertile 3 [T3] vs. tertile 1 [T1], and quartile 4 
[Q4] vs. quartile 1 [Q1]) while five studies [37,38,40,42,45] addition
ally compared continuous DII scores. Seven studies [28,36,37,39–42] 
evaluated pre-diagnosis DII, five studies [32,33,38,44,45] examined 
post-diagnosis DII, and only one study [43] assessed both pre-and 
post-diagnosis DIIs. Different versions of the DII were utilized among 
the studies, including the original 2009 version of the DII [42], and the 
updated 2014 version [8,28,36,39–41,44], including the 
energy-adjusted DII (E-DII) [32,33,37,38,45] and the Adapted DII (ADII) 
[43]. While E-DII adjusts for energy intake and uses intakes of food 
parameters per 1000 kcal of energy amount, ADII is similar to E-DII but 
limits to 29 dietary parameters [46]. The number of food parameters 
included in DII varied from 23 in Galas and colleague’s cohort study 
[42] in Poland to 37 in Wang and colleague’s Prostate, Lung, Colorectal 
and Ovarian (PLCO) cancer screening trial [38] in the US. 

Main outcomes 
Three studies examined cancer recurrence [36,43,44], and 12 studies 

examined all-cause mortality [28,32,33,37–45], while 7 studies exam
ined cancer-specific mortality [28,32,33,38–41]. Among the population 
of 3632 cancer survivors where cancer recurrence data were available, 
there were 1096 cancer recurrences. All-cause mortality data were 
collected for 13,193 individuals with cancer, and 3596 deaths from any 
causes were reported. Cancer-specific deaths occurred in 1514 out of 
8518 cancer survivors. Cancer recurrence was ascertained through co
lonoscopy examination [36], medical records [44], or cancer registry 
[43]. Deaths were confirmed through annual contacts [32,33,37,38], 
medical records [32,33,38,40,41,44], population-based cancer registry 
[28,37,39,43,45], or linking to either the National Death Index [32,33, 
38,40,41] or government vital status data [42,43]. Cause of death was 
determined by referencing National death index [32,33,40,41], cancer 
registry [28,39], or medical records [32,33,38,40,41]. 

Quality of included studies 

The result of the quality assessment of selected studies is reported in 
Table 1. All but one study [40] had a quality score of ≥7 stars, indicating 
“good quality.” Detailed scoring was displayed in Supplementary 
Table S4. 

Effects on cancer recurrence 

As shown in Fig. 2, DII was not associated with an increased risk of 
cancer recurrence (HR = 1.09, 95 % CI = 0.77, 1.54, n = 4). Subgroup 
analysis also showed that neither pre-diagnosis DII [36,43,44] nor 
post-diagnosis DII was associated with cancer recurrence (Pre-diagnosis: 
HR = 0.98, 95 % CI = 0.92, 1.04, n = 2; Post-diagnosis: HR = 1.40, 95 % 
CI = 0.59, 3.33, n = 2). 

Effects on all-cause mortality 

Twelve studies reported all-cause mortality as an outcome [28,32, 
33,37–45], with one study [42] reporting results separately for in
dividuals with and without distant metastasis and another study [43] 
reporting results for both pre-and post-diagnosis DII. Analysis of the 
high/low comparisons in Fig. 3 showed no association between DII and 
all-cause mortality (HR = 1.13, 95 % CI = 0.99, 1.28, n = 14). When 
including only studies using pre-diagnosis DII, there was no association 
with all-cause mortality (HR = 1.03, 95 % CI = 0.99, 1.07, n = 8), while 
post-diagnosis DII demonstrated an association between the highest DII 
category and an increased risk of all-cause mortality by 34 % (HR =
1.34, 95 % CI = 1.05, 1.72, n = 6). Subgroup analysis indicated that the 
association was not modified by cancer type. 

As shown in Supplementary Fig. 1, analysis of continuous compari
sons showed no significant increase for all-cause mortality with 1-unit 
increase in DII score e (HR = 1.03, 95 % CI = 1.00, 1.06, n = 6). 
However, 1-unit increase in post-diagnosis DII score was associated with 
a 7 % increased risk of all-cause mortality (HR = 1.07, 95 % CI = 1.01, 
1.13, n = 2). 

Effects on cancer-specific mortality 

There were six studies reporting cancer-specific mortality as an 
outcome [28,32,33,38–40]. Analysis of the high/low comparison found 
no association between DII score and cancer mortality as shown in Fig. 4 
(HR = 1.09, 95 % CI = 0.93, 1.27, n = 6). Stratified analysis by the 
timing of dietary assessment showed that both pre-diagnosis DII (HR =
1.03, 95 % CI = 0.86, 1.23, n = 3) and post-diagnosis DII (HR= 1.28, 95 
% CI = 0.95, 1.73, n = 3) were not associated with an increased risk of 
cancer-specific mortality. Subgroup analysis by cancer type indicated 
that the association was not modified by cancer type. 

There was no association between continuous values of DII and 
cancer-specific mortality, as shown in Supplementary Fig. 1 (HR = 1.04, 
95 % CI = 0.93, 1.16, n = 2), including pre-and post-diagnosis DII 
together. 

Sensitivity analysis and publication bias 

Sensitivity analyses for all-cause mortality with pre-and post-diag
nosis DII showed that the results were robust (see Supplementary Figs. 2 
& 3). Publication bias was accessed for all-cause mortality as the number 
of studies included in the meta-analysis was greater than 10. The funnel 
plot (see Supplementary Fig. 4) indicates noteworthy evidence of pub
lication bias with the p-value of 0.034 from Egger’s test. When the 
publication bias was further examined for pre-diagnosis DII and post- 
diagnosis DII separately, funnel plots show non-symmetry for post- 
diagnosis DII only (p < 0.0001) and symmetry for pre-diagnosis DII (p 
= 0.997). 

Discussion 

This meta-analysis identified and analyzed 13 studies that examined 
the relationship between DII score and cancer outcomes among 14,920 
cancer survivors. The results from the meta-analysis demonstrate that 
individuals in the highest post-diagnosis DII category, indicating a pro- 
inflammatory diet, had a 34 % increased risk of all-cause mortality but 
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Table 1 
Characteristics of included studies (N = 13) examining the association between Dietary Inflammatory Index score and outcomes in cancer survivors.  

First author 
Year 
Country 

Source 
population 
Study design 
Cancer type 
Sample size 
Follow-up 
(Mean; years) 

Age 
(Mean; 
years) 
Race (% 
White) 
Sex (% 
female) 
BMI (kg/ 
m2) 
Current 
smokers 
(%) 

Dietary 
assessment tool 
Timing  

DII version 
# Parameters 
Inclusion of 
supplements 
Comparison 

Outcomes reported 
(number of cases) 
Ascertainment 
methods 

Multivariable 
adjusted 
HR/RR (95 % 
CI) 

Covariates included in the 
model 

Study 
quality 
score 

Pre-diagnosis diet 

Galas 
2014 [42] 
Poland 

Polish cohort 
study 
Prospective 
cohort 
Colorectal 
cancer 
689 
1–5 years after 
diagnosis 

58.0 
100 % 
white 
43.3 % 
female 
69.5 % 
BMI ≥ 25 
25.1 % 

SFFQ (148 
items) 
Asked about 5 
years prior to 
symptoms 

DII 2009 
23 
No supplements 
High vs. low, 
Continuous 

All-cause mortality 
(309) 
Vital records 

All-cause 
mortality 
High vs. low: 
Without distant 
metastases: 0.76 
(0.55, 1.08) 
With distant 
metastases: 1.06 
(0.76, 1.48) 
Continuous: 
Without distant 
metastases: 0.98 
(0.92, 1.05) 
With distant 
metastases: 
1.003 (0.93 
1.08) 

Age, smoking status, marital 
status, overweight or 
obesity, calendar year when 
surgery was performed, 
surgery type, cancer site, 
chemotherapy after surgery, 
and radiotherapy after 
surgery 

8 

Zucchetto 
2016 [28] 
Italy 

Italian case- 
control study 
Retrospective 
cohort 
Prostate cancer 
726 
Median 12.7 
years after 
diagnosis 

Median 66 
100 % 
White 
100 % 
male 
Median 
26.4 
<15 cig/ 
da = 10% 
>15 cig/ 
day = 9.5 
% 

FFQ (78 items) 
Two years 
before diagnosis 

DII 2014 
32 
No supplements 
T3 vs. T1 

All-cause mortality 
(244) 
Regional health 
system data and 
population-based 
cancer registry 
Cancer mortality 
(76) 
Regional health 
system data and 
population-based 
cancer registry 

All-cause 
mortality 
1.25 (0.86, 
1.83) 
Cancer mortality 
1.42 (0.73, 
2.76) 

Area of residences, calendar 
period of cancer diagnosis, 
age at diagnosis, education, 
smoking habits, abdominal 
obesity, alcohol intake, 
energy intake, and Gleason 
score 

8 

Sardo 
Molmenti 
2017 [36] 
USA 

WBF and UDCA 
Phase III clinical 
trials 
Prospective 
cohort 
Colorectal 
cancer 
1727 
WBF: 3.1 years 
UCDA: 3.2 years 
after diagnosis 

65.9 ± 8.6 
94.8 % 
white 
32 % 
female 
28 ± 4.8 
12.7 % 

FFQ (113 items) 
At baseline  

DII 2014 
27 
Including 
supplements 
T3 vs. T1 

Cancer recurrence 
(780) 
Colonoscopy 

Cancer 
recurrence 
0.95 (0.74, 
1.22) 

Age, sex, waist 
circumference, smoking, 
aspirin use, and moderate- 
vigorous physical activity 

8 

Zucchetto 
2017 [39] 
Italy 

Italian case- 
control study 
Retrospective 
cohort 
Breast cancer 
1453 
Median 12.6 
years after 
diagnosis 

Range 
23–74 
100 % 
White 
100 % 
female 
43.8 % 
BMI ≥ 25 
<15 cig/d 
= 12.5 % 
>15 cig/d 
= 7.4 % 

FFQ (78 items) 
Two years 
before diagnosis  

DII 2014 
31 
No supplements 
T3 vs. T1 

All-cause mortality 
(503) 
Population-based 
cancer registry 
Cancer mortality 
(398) 
Population-based 
cancer registry 

All-cause 
mortality 
1.00 
(0.78–1.28) 
Cancer mortality 
0.97 
(0.73–1.27) 

Area of residence, calendar 
year of diagnosis, age at 
diagnosis, education, 
menopausal status, smoking 
habits, BMI, total energy 
intake, hormone receptor 
status, and TNM tumor stage 

8 

Peres 
2019 [37] 
USA 

AACES 
Retrospective 
cohort 
Ovarian cancer 
490 
Median 3.5 
years after 
diagnosis 

Median 57 
(20–79) 
100 % 
Black 
100 % 
female 
84.5 % 
BMI ≥ 25 
12 % 

FFQ (110 items) 
1 year before 
diagnosis  

E-DII 2014 
27 
Both 
Q4 vs. Q1, 
Continuous 

All-cause mortality 
(223) 
Cancer registries 
and annual contact 

All-cause 
mortality 
Including 
supplements 
Q4 vs Q1: 1.35 
(0.90, 2.03) 
Per 1 unit: 1.06 
(0.99, 1.13) 
Excluding 
supplements 

Age at diagnosis, site, stage 
at diagnosis, smoking status, 
BMI, comorbidities, 
household income, and any 
supplement use within the 
year prior to diagnosis 

8 

(continued on next page) 
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Table 1 (continued ) 

First author 
Year 
Country 

Source 
population 
Study design 
Cancer type 
Sample size 
Follow-up 
(Mean; years) 

Age 
(Mean; 
years) 
Race (% 
White) 
Sex (% 
female) 
BMI (kg/ 
m2) 
Current 
smokers 
(%) 

Dietary 
assessment tool 
Timing  

DII version 
# Parameters 
Inclusion of 
supplements 
Comparison 

Outcomes reported 
(number of cases) 
Ascertainment 
methods 

Multivariable 
adjusted 
HR/RR (95 % 
CI) 

Covariates included in the 
model 

Study 
quality 
score 

Q4 vs Q1: 1.28 
(0.85, 1.92) 
Per 1 unit: 1.03 
(0.95, 1.11) 

Nagle 
2019 [40] 
Australia 

AOCS 
Retrospective 
cohort 
Ovarian cancer 
857 
5.9 ± 3.9 years 
after diagnosis 

59.4 
100 % 
white 
100 % 
female 
55.7 % 
BMI ≥ 25 
16.2 % 

FFQ (139 items) 
At study 
enrollment  

DII 2014 
31 
Both (Data for 
excluding 
supplements 
were not 
shown) 
Q4 vs. Q1, 
Continuous 

All-cause mortality 
(592) 
Medical records and 
NDI 
Cancer mortality 
(541) 
Medical records and 
NDI 

All-cause 
mortality 
Q4 vs. Q1: 1.04 
(0.81, 1.33) 
Per z score: 0.99 
(0.91, 1.08) 
Cancer mortality 
Q4 vs. Q1: 1.03 
(0.79, 1.33) 
Per z score: 0.98 
(0.90, 1.08) 

Age, total energy intake, 
histological subtype, FIGO 
stage, tumor grade, residual 
disease, comorbidity, and 
smoking 

6 

Nagle 
2020 [41] 
Australia 

ANECS 
Retrospective 
cohort 
Endometrial 
cancer 
1251 
Median 7.2 
years after start 
of primary 
treatment 

Range 
18–79 
100 % 
White 
100 % 
female 
75.7% 
BMI ≥ 25 
NR 

FFQ (139 items) 
At baseline  

E-DII 2014 
31 
Both (Data for 
including 
supplements 
were not 
shown) 
Q4 vs. Q1 

All-cause mortality 
(160) 
Medical records and 
NDI 
Cancer mortality 
(110) 
Medical records and 
NDI 

All-cause 
mortality 
0.88 (0.55, 
1.41) 
Cancer mortality 
No association 
(Results not 
shown) 

Age, total energy, education, 
age at menarche, parity, 
diabetes status, oral 
contraceptive use, 
menopausal status, 
menopausal hormone 
therapy, and supplement use 

7 

Pre- & Post-diagnosis diet 

Wesselink 
2021 [43] 
Netherlands 

COLON 
Prospective 
cohort 
Colorectal 
cancer 
1334 for 
mortality 
1242 for 
recurrence 
Median 3.2 
years for 
recurrence 
Median 4.8 
years for all- 
cause mortality 

66.2 
100 % 
White 
36 % 
female 
26.0 
11 % 

FFQ (204 items) 
At diagnosis and 
at 6 months after 
diagnosis  

ADII 2014 
28 
NR 
T3 vs. T1 

Recurrence (228) 
Dutch Cancer 
Registry 
All-cause mortality 
(279) 
Municipal Personal 
Record Database 

Recurrence 
Pre-diagnosis: 
0.98 (0.94, 
1.04) 
Post-diagnosis: 
0.96 (0.91, 
1.02) 
All-cause 
mortality 
Pre-diagnosis: 
1.03 (0.98, 
1.07) 
Post-diagnosis: 
1.00 (0.95, 
1.05) 

Age, sex, and stage of 
disease 

8 

Post-diagnosis diet 

Jang 
2018 [44] 
Korea 

Korean clinic 
Prospective 
cohort 
Breast cancer 
511 
213 months 

51.9 ±
10.7 
100 % 
Korean 
100 % 
female 
24.7 % 
BMI ≥ 25 
NR 

24-hour recall 
5.4 months after 
breast cancer 
surgery  

DII 2014 
34 
NR 
T3 vs. T1 

Cancer recurrence 
(88) 
Medical records 
All-cause mortality 
(44) 
Medical records and 
histopathology 
reports 

Cancer 
recurrence 
2.35 (1.17, 
4.71) 
All-cause 
mortality 
3.05 (1.08, 
8.83) 

Age, BMI, postmenopausal 
status, subtype, histologic 
grade, tumor size, lymph 
node metastasis, AJCC 
stage, treatment, and energy 
intake 

9 

Zheng 
2018 [33] 
USA 

WHI 
Prospective 
cohort 
Breast cancer 
2150 
Median 13.3 
years after 
diagnosis 

66.2 
(range: 
50–79) 
86 % 
White 
100 % 
female 
Mean 
27.0–29.6 
5.2 % 

FFQ (120 items) 
Average 1.5 
years after 
diagnosis  

E-DII 2014 
32 
Including 
supplements 
Q1 vs. Q4 

All-cause mortality 
(580) 
Annual clinic visits 
and mailings; If NDI 
was not available, 
death certificates 
were used 
Cancer mortality 
(212) 
Autopsy and 
medical records; If 

All-cause 
mortality 
0.82 (0.63, 
1.05) 
Cancer mortality 
0.96 (0.62, 
1.49) 

WHI component, smoking 
status at baseline, income 
levels, cancer stage, 
education, years from 
cancer diagnosis to FFQ, 
baseline physical activity in 
MET-h/week, total energy 
intake per day, BMI at 
baseline, hormone 
replacement use status at 
baseline, and the covariate 

9 

(continued on next page) 
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no increased risk for recurrence and cancer-specific mortality. No as
sociations were observed from pre-diagnosis DII comparisons. These 
findings suggest that consuming a more anti-inflammatory diet partic
ularly after cancer diagnosis can lower the risk of all-cause mortality 
among cancer survivors. 

The DII consists of a maximum of 45 food parameters with a dietary 
inflammatory weight; A negative weight denotes anti-inflammatory 
qualities while a positive weight indicates pro-inflammatory qualities. 

In order to promote more anti-inflammatory diets after cancer diagnosis, 
healthcare providers should encourage cancer survivors to consume 
more of the food parameters with a negative inflammatory weight as 
well as to avoid or to decrease intake of foods with a positive inflam
matory weight. Examples of some parameters with a negative weight 
would be β-carotene, fiber, garlic, ginger, magnesium, n-3 fatty acids, 
turmeric, vitamin C, vitamin D, green/black tea, and flavones [8]. Ex
amples of parameters that have a positive inflammatory weight include 

Table 1 (continued ) 

First author 
Year 
Country 

Source 
population 
Study design 
Cancer type 
Sample size 
Follow-up 
(Mean; years) 

Age 
(Mean; 
years) 
Race (% 
White) 
Sex (% 
female) 
BMI (kg/ 
m2) 
Current 
smokers 
(%) 

Dietary 
assessment tool 
Timing  

DII version 
# Parameters 
Inclusion of 
supplements 
Comparison 

Outcomes reported 
(number of cases) 
Ascertainment 
methods 

Multivariable 
adjusted 
HR/RR (95 % 
CI) 

Covariates included in the 
model 

Study 
quality 
score 

NDI was not 
available, death 
certificates were 
used 

of time-dependent status 
before and after post- 
diagnosis FFQ 

Ratjen 
2019 [45] 
Germany 

Biobank PopGen 
Prospective 
cohort 
Colorectal 
cancer 
1404 
Median 7 years 
after dietary 
assessment 

Median 69 
100 % 
White 
44 % 
female 
Median 
26.2 
9 % 

FFQ (112 items) 
Median of 6 
years after 
diagnosis  

E-DII 2014 
27 
NR 
Q4 vs. Q1, 
Continuous 

All-cause mortality 
(204) 
Population registries 

All-cause 
mortality 
Q4 vs Q1: 1.36 
(0.88, 2.09) 
Per 1-unit: 1.08 
(0.97, 1.20) 

Sex, age at diet assessment, 
BMI, physical activity, 
survival time from 
colorectal cancer diagnosis 
until diet assessment, tumor 
location, occurrence of 
metastases, occurrence of 
other cancer, type of 
therapy, current stoma, 
smoking status, alcohol 
intake, (time X age), (time X 
BMI), and (time X 
metastases) 

8 

Zheng 
2020 [32] 
USA 

WHI 
Prospective 
cohort 
Colorectal 
cancer 
463 
Median 11.6 
years after 
diagnosis 

67.8 
83 % 
White 
100 % 
female 
Mean 
27.4–30.0 
7.3 % 

FFQ (120 items) 
Average 1.7 
years after 
diagnosis  

E-DII 2014 
31 
Both 
T1 vs. T3  

All-cause mortality 
(162) 
Annual clinic visits 
and mailings; If NDI 
was not available, 
death certificates 
were used 
Cancer mortality 
(77) 
Autopsy and 
medical records; If 
NDI was not 
available, death 
certificates were 
used 

All-cause 
mortality 
Including 
supplements: 
0.49 (0.31, 
0.79) 
Excluding 
supplements: 
0.72 (0.46, 
1.12) 
Cancer mortality 
Including 
supplements: 
0.58 (0.28, 
1.22) 
Excluding 
supplements: 
0.75 (0.36, 
1.57) 

Age group at baseline, race/ 
ethnicity, smoking status at 
baseline, income levels, 
cancer stage, education, 
years from cancer diagnosis 
to FFQ, baseline physical 
activity in MET-h/week, 
total energy intake per day, 
BMI at baseline, cancer 
differentiation grading, and 
the covariate of time- 
dependent status before and 
after postdiagnosis FFQ 

9 

Wang 
2020 [38] 
USA 

PLCO 
Prospective 
cohort 
Breast cancer 
1064 
Median of 14.6 
(10.5, 16.8) 
years after 
diagnosis 

65.3 
91.2 % 
white 
100 % 
female 
55.6 % 
BMI ≥ 26 
39.3 % 

FFQ (124 items) 
Median 3 years 
after 
randomization  

E-DII 2014 
37 
Including 
supplements 
T3 vs. T1, 
Continuous 

All-cause mortality 
(296) 
Annual contact, 
medical records, and 
NDI 
Cancer Mortality 
(100) 
Autopsy and 
medical records 

All-cause 
mortality 
T3 vs. T1: 1.34 
(1.01, 1.81) 
Per z score: 1.06 
(1.00, 1.13) 
Cancer mortality 
T3 vs. T1: 1.47 
(0.89, 2.43) 
Per z score: 1.10 
(1.00, 1.22) 

Total energy intake, BMI, 
trial arm, race, marital 
status, income, educational 
level, smoking status, 
hormone replacement 
therapy, history of diabetes, 
physical activity, stage, 
estrogen receptor status, and 
progesterone receptor status 

9 

AACES: African American Cancer Epidemiology Study, ADII: Adapted Dietary Inflammatory Index, AJCC: American Joint Committee on Cancer, ANECS: Australian 
National Endometrial Cancer Study Group, AOCS: Australian Ovarian Cancer Study, BMI: Body Mass Index, CI: confidence interval, COLON: Colorectal cancer: 
Longitudinal, Observational study, DII: Dietary Inflammatory Index; E-DII: Energy-adjusted Dietary Inflammatory Index, ER: estrogen receptor, FIGO: International 
Federation of Obstetricians and Gynecologists, FFQ: food frequency questionnaire, HR: hazard ratio, NR: not reported, PACE: Pacing, graded Activity, and Cognitive 
behavior therapy; PLCO: Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial, PR: progesterone receptor, UCDA: Ursodeoxycholic Acid Phase III clinical 
trials, WHI: Women’s Health Initiative, WBF: Wheat Bran Fiber Clinical Trial. 
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vitamin B12, cholesterol, iron, saturated fat, and trans-fat [8]. This 
could translate to adding more fruits, vegetables, nuts, whole grains, and 
fish to the diet, while cutting down on red meat, processed food, and fast 
food. These adjustments to diet after cancer diagnosis could conse
quently increase diet quality, which have been shown to decrease the 
risk of all-cause mortality among cancer survivors [4,47,48]. The reason 
for this may be because a pro-inflammatory diet, indicated by a high DII 
score, promotes pro-cancer inflammatory environments and suppression 
of the innate and adaptive immune system, which prevents effective 
anti-tumor responses and facilitates the growth of a tumor that has been 
formed [6]. Also, inflammation has been shown to mediate other 
chronic diseases such as cardiovascular disease, chronic obstructive 
pulmonary disease, and diabetes [49], the leading causes of death in the 
US. Therefore, anti-inflammatory diet can lower the risk for these dis
eases, reducing the risk for all-cause mortality. 

Our finding that post-diagnosis diet has a more significant impact on 
cancer outcomes than pre-diagnosis diet is consistent with previous 
findings in breast cancer survivors, reporting post-diagnosis diet quality 
rather than pre-diagnosis diet quality being associated with better sur
vival [48]. Thus, it may be advantageous to promote anti-inflammatory 
diets to cancer survivors after diagnosis throughout cancer survivorship 
for better prognosis. An Italian cross-sectional study [50] conducted on 
breast cancer survivors found that after diagnosis, patients were more 
receptive to adopting beneficial lifestyle changes to improve their 
health, emphasizing the importance of the patient to physician rela
tionship to develop tailored nutrition counselling and intervention 
programs [50]. As collaborative communication improves the 
patient-physician relationship [51] as well as patient’s adherence to the 
intervention [52] and their treatment outcomes [53], more training of 
health providers in communication skills is warranted. 

There are numerous other factors that may influence dietary intake, 
including age, sex, education, income, and sociocultural factors 
[54–56]. Socioeconomic status (SES), in particular, has been identified 
as a significant obstacle to a healthy diet. A cross-sectional analysis of US 
adult cancer survivors showed that quality of diet was poorer for in
dividuals of lower SES compared to those of higher SES [57]. However, 
nutrition knowledge and beliefs can act as an effect modifier [58], 
indicating the importance of nutrition education in some groups of 
cancer survivors. The reasons for poorer quality of diet stem from a lack 
of access to grocery stores offering wide selections of healthy foods, food 

insecurity due to lower income, and a lack of education on healthy 
eating [59]. The culmination of all these factors may drive people of 
lower SES to consume more fast food or processed food, which may have 
higher inflammatory potential. Socioeconomic investment and educa
tion initiatives among cancer survivors, similar to ones in the general 
population such as the US Department of Agriculture’s Supplemental 
Nutrition Assistance Program - Education [60] and the Expanded Food 
and Nutrition Education Program [61], could be an avenue to improve 
diet and health in cancer survivors at risk for food insecurity. 

Post-diagnosis DII scores were not found to be significantly associ
ated with cancer-specific mortality. This finding conflicts with results 
from a prior meta-analysis [27], which found a significantly increased 
cancer mortality with higher DII score. However, it is important to note 
that the other meta-analysis [27] included only two studies (one from 
prostate survivors and one from a large cancer-free, population-based 
cohort), and that their population was not exclusive to cancer survivors. 
Therefore, we conducted this meta-analysis by including six studies on 
cancer-specific mortality among cancer survivors. However, the result 
suggests that an updated meta-analysis is warranted as more studies 
among cancer survivors are published in the future. 

Variations in the results of individual studies may be attributed to 
differences in the characteristics of included studies. The population for 
each cohort was drawn from different countries, which have different 
dietary norms that could have some effects on DII score. Additionally, 
the study included various types of cancers, although some cancers may 
be impacted more by dietary factors than others. All but one study [44] 
used FFQs to assess dietary intake. While the FFQ is commonly used in 
epidemiologic studies due to its convenience, it is prone to recall bias as 
it requires individuals to recall their usual frequency of consumption of 
different foods in the past [62]. Different numbers of food items were 
assessed by the FFQ ranging from 78 to 204, leading to a different 
number of DII parameters in each study ranging from 23 to 37, which 
could also lead to greater variation in the study results. Only one study 
used a 24 h recall to assess dietary intake, which is typically a detailed 
and accurate representation of short-term dietary intake but may not be 
representative of habitual intake [62]. The timepoints for dietary 
assessment differed, with some targeting for pre-diagnosis diets and the 
others targeting for post-diagnosis diets. Other factors, such as cancer 
treatment or tobacco usage, may have also had different impacts on the 
results, but not all studies collected these variables and included in the 

Fig. 2. Forest plot showing pooled hazard ratios using high vs. low DII score comparison for recurrence. Black squares and horizontal lines represent a hazard ratio 
(HR) and a 95 % confidence interval (CI) for each study. The dotted vertical line indicates the line of no effect. The red diamond represents the pooled HR with its 95 
% CI for pre-and post-diagnosis DIIs. The black diamond represents the pooled HR with its 95 % CI. (For interpretation of the references to color in this figure legend, 
the reader is referred to the web version of this article.). 
Abbreviations: COLON: Colorectal cancer, Observational, Longitudinal study, WBF: Wheat Bran Fiber Clinical Trial, UCDA: Ursodeoxycholic Acid Phase III trials, DII: 
dietary inflammatory index. 
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multivariable analysis. Different versions of the DII were utilized among 
the studies, which may also account for some variations in the results as 
well. 

In addition to heterogeneity among studies mentioned above, this 
meta-analysis has several limitations that are important to note. The first 
limitation is that the number of studies included in the meta-analysis is 
small for certain outcomes such as cancer-specific mortality and recur
rence and certain cancer types such as prostate, ovarian, or endometrial 

cancer, so meta-analysis was either less precise or not feasible. To better 
estimate the uncertainty of between-study heterogeneity in a small 
meta-analysis [31], we used the Bayesian random effects model. The 
small number of studies included in a meta-analysis also prevented 
assessing the precise publication bias, which may exist due to the fact 
that studies with negative results or failure to reject the null hypothesis 
are less likely to be published [63]. Second, although 
multivariable-adjusted results were utilized for the meta-analysis, it is 

Fig. 3. Forest plot showing pooled hazard ratios using high vs. low DII score comparison for all-cause mortality. Black squares and horizontal lines represent a hazard 
ratio (HR) and a 95 % confidence interval (CI) for each study. The dotted vertical line indicates the line of no effect. The blue diamond represents the pooled HR with 
its 95 % CI for each cancer if there is more than one study. The red diamond represents the pooled HR with its 95 % CI for pre-and post-diagnosis DIIs. The black 
diamond represents the pooled HR with its 95 % CI. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this 
article.). 
Abbreviations: AACES: African American Cancer Epidemiology Study, AOCS: Australian Ovarian Cancer Study, CC: case-control study, COLON: Colorectal cancer, 
Observational, Longitudinal study, ANECS: Australian National Endometrial Cancer Study, DII: dietary inflammatory index, PLCO: Prostate, Lung, Colorectal and 
Ovarian cancer screening trial, WHI: Women’s Health Initiative. 
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still impossible to rule out all potential confounding effects, as the 
covariates included in the analysis varied from study to study. For 
example, obesity status, the significant risk factor for inflammation, was 
not included in all studies; only ten studies included obesity with a 
different variable. Seven studies [32,33,37–39,44,45] included BMI, 
each one used overweight/obese status [42], abdominal obesity [28], or 
waist circumference [36], respectively. Any residual confounding by 
obesity could influence the outcome of the current study. In addition, 
there are many variables aside from dietary inflammatory potential that 
may affect outcomes among cancer survivors. Third, the majority of the 
included studies were from the US or Europe, so the cohorts were pre
dominantly white populations. This raises concerns about the general
izability of the study findings to different racial/ethnic populations with 
diverse cultures, lifestyles, and dietary habits. Fourth, the analysis took 
data from observational cohort studies, so the strength of the evidence is 
not as strong as if randomized control trials were included. However, it 
should be noted that the methodological qualities of included studies 
were mostly high. 

Limitations aside, this meta-analysis also has several strengths worth 
noting. To the best of our knowledge, this is the largest meta-analysis 
conducted among populations of cancer survivors. The analysis con
sists of 13 studies, each with a distinct study population, with high 
methodological quality scores when assessed by the Newcastle Ottawa 
Scale for cohort studies. This suggests that the chance of bias or errors in 
the studies were minimized throughout the study design and analysis 
phases. Lastly, all studies, with the exception of one, used the DII 
developed by the same research group, which establishes consistency in 
assessing DII throughout the studies. 

Conclusions 

The findings from the current analysis indicate that an anti- 
inflammatory diet following cancer diagnosis, can decrease the risk of 
all-cause mortality. This result supports the need for initiatives to 
educate and inform individuals with cancer about the potential risks of 

dietary inflammatory potential and encourage them to make healthier 
food choices. The recommendation of decreasing the consumption of 
pro-inflammatory food components, while increasing the consumption 
of anti-inflammatory food components, should be included with other 
lifestyle recommendations, such as smoking cessation and participation 
in physical activity. These findings also warrant further research on 
cancer recurrence and cancer-specific mortality among cancer survivors 
in order to clarify the relationship between dietary inflammation and 
those outcomes. As more studies are published, future meta-analyses 
will have greater statistical power and will be able to give a more pre
cise estimate of DII impacts on cancer outcomes. 
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