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Abstract

Background

The inflammatory potential of diet has been shown to have an association with the risk of

several cancer types, but the evidence is inconsistent regarding the related risk of urologic

cancer (UC). Therefore, we conducted the present meta-analysis to investigate the associa-

tion between the inflammatory potential of diet and UC.

Methods

PubMed, Embase and Web of Science were searched up to July 31, 2018. Two reviewers

independently selected the studies and extracted the data. The pooled risk ratio (RR) and its

95% confidence interval (CI) were calculated using the Stata12.0 software package.

Results

Nine case-control studies and three cohort studies including 83,197 subjects met the inclu-

sion criteria. The overall meta-analysis results showed that individuals with the highest cate-

gory of DII (dietary inflammatory index) were associated with an increased risk of prostate

cancer (RR = 1.62, 95% CI: 1.30–2.02); subgroup analysis showed consistent results. For

kidney and bladder cancer, significant positive associations were found in individuals with

the highest category of DII score; however, no significant association was found between

DII and the risk of urothelial cell carcinoma (UCC).

Conclusion

Available data suggest that more pro-inflammatory diets are associated with an increased

risk of prostate cancer, kidney cancer and bladder cancer. However, further well designed

large-scaled cohort studies are warranted to provide more conclusive evidence.
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Introduction

Prostate cancer, bladder cancer, and kidney cancer, the most common urologic tumors, are

leading causes of cancer-related morbidity and mortality worldwide [1, 2]. Despite rapid

advances in early diagnosis and therapy over the past few decades, the incidence and mortality

rates of urologic cancer continue to increase [1–3]. In 2017, approximately 146,650 new uro-

logic cancer cases and 32,190 deaths were projected to occur in the United States [4]. The etiol-

ogy of urologic cancer is complicated and not yet fully elucidated. Considerable evidence

indicates that chronic inflammation plays a key role in carcinogenesis; several studies have

supported the involvement of upregulated pro-inflammatory molecules in tumor progression

[5–7]. Diet is a major source of bioactive compounds that can be grouped into pro-inflamma-

tory and anti-inflammatory components [8]. A diet rich in fruits, vegetables, healthy oils, and

fish may have been associated with lower levels of inflammation and with decreased cancer

risk [9, 10]. In contrast, high intakes of PUFA, mainly n-6 fatty acids, are associated with

higher levels of inflammation and an increased risk of cancer [11, 12]. Therefore, adopting an

anti-inflammatory diet may reduce UC risk.

The DII score, a literature-derived population-based dietary score, was developed to esti-

mate the inflammatory potential of nutrients and foods in the context of a dietary pattern

[13, 14]. The DII score was computed from dietary intake assessed using a validated food fre-

quency questionnaire or 24-h recall dietary records [13]. Individuals’ intakes from these

diverse populations could be expressed to the range of intakes of forty-five food parameters

according to food consumption data sets from countries around the world, and DII scores

were multiplied by individuals’ intakes of food parameters [14]. The pro-inflammatory diet

was associated with a higher DII score and anti-inflammatory diet was associated with a

lower DII score [13–15]. Diet and nutrients are modifiable factors which may influence car-

cinogenesis of urinary tract, however, there was no specific diet been reported to prevent

urologic carcinogenesis [16]. Recently, several large-scale prospective cohort and case-con-

trol studies were published. These studies reported the association between the inflammatory

potential of diet and the risk of UC; the results from these studies remain controversial. Graf-

fouillère et al. reported that pro-inflammatory diets are associated with increased prostate

cancer risk in French middle-aged adults [17]. However, such a significant association was

not detected in other studies [18, 19]. Vázquez-Salas et al. reported that a pro-inflammatory

diet is not related to prostate cancer risk or prostate cancer aggressiveness [19]. In addition,

the inflammatory potential of diet may influence the prognosis of patients with more aggres-

sive prostate cancer [20]. It is thus critical to synthesize available evidence on the potential

relation between a pro-inflammatory diet and UC risk since, and to our knowledge, this is

the first meta-analysis to examine the association between the inflammatory potential of diet

and UC risk.

Methods

Search strategy

The included studies were searched from PubMed, Embase and Web of Science up to July 31,

2018. Search terms were as follows: “(inflammatory potential of diet OR dietary inflammatory

index OR pro-inflammatory diet OR anti-inflammatory diet) AND (urologic OR urinary tract

OR prostate OR renal OR kidney OR bladder) AND (cancer OR carcinoma OR neoplasm).”

In addition, a manual search of references in relevant articles was conducted to find other eligi-

ble studies. The search strategy flowchart is shown in S1 Fig.
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Selection criteria

Only studies meeting the following inclusion criteria were eligible: 1) studies with full text arti-

cles; 2) studies that reported the association between the inflammatory potential of diets and

UC risk; 3) studies with odds ratios (ORs), relative risks (RRs), or hazard ratios (HRs) with

corresponding 95% confidence intervals (CIs); and 4) the published language was English.

Exclusion criteria were as follows: (1) studies referred to outcomes other than UC; (2) studies

with partially unusable data; (3) review articles, meta-analyses, animal studies, conference

abstracts or editorial articles.

Quality assessment

A quality assessment of the included studies was evaluated by the Newcastle-Ottawa Scale

(NOS) [21]. The NOS, categorized into three aspects—selection, comparability, and exposure—

was composed of eight items for both case–control and cohort studies. The methodological

quality of studies is judged using a ‘‘star” rating system (maximum nine stars). Scores range

from 0 stars (worst) to 9 stars (best), and studies with a score�7 were defined as high quality.

Discrepancies in opinions were resolved by discussion and consensus.

Data extraction

Data extraction was independently conducted by two authors using a collection form that was

checked by a third author. Disagreement was resolved through discussion and consensus find-

ing. For each study, we collected the following information: (1) the first author’s name, year of

publication, country, ethnicity, and sample size of the study; (2) mean age or age range, study

design, and cancer type; (3) dietary assessment method, most fully adjusted risk estimate, and

cofounders included in the final models.

Statistical analysis

The multivariable-adjusted HR or OR with 95% CI for the highest versus the lowest DII score

were pooled using random effects models. A Chi-square-based Q test and the I2 metric were

used to assess heterogeneity among studies. The heterogeneity was considered significant

when p<0.10 and I2>50%. Given that the included studies were conducted at a global level

and addressed different types of cancer, random effects model was used to get more conserva-

tive results. Subgroup analyses based on study design and sample size were performed for

prostate cancer. The significance of the summary OR was determined by the Z-test, and

P<0.05 was considered as statistically significant. Begg’s, Egger’s test and funnel plots were

used to assess potential publication bias. Sensitivity analysis was performed by excluding one

study each time to evaluate the stability of the results. Statistical analysis was performed using

STATA software version 12.0 (Stata Corporation, College Station, Texas, USA).

Results

Study characteristics

A total of 855 results were retrieved through literature searching. Of these, 843 studies were

excluded based on inclusion and exclusion criteria. Finally, twelve studies considering 83,197

subjects met the inclusion criteria [17–19, 22–30]. Four studies were conducted in Europe, 5

in America, 2 in Asia, and 1 in Australia. Moreover, eight studies reported the relationship

between a pro-inflammation diet and the incidence of prostate cancer; additionally, two stud-

ies for kidney cancer, one study for bladder cancer and one study for urothelial cell carcinoma

described the relationship between cancer incidence and a pro-inflammation diet. The articles
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were published between 2015 and 2018. The median follow-up time of cohort studies was 6.33

years (range 4–11). Detailed characteristics of all included studies are shown in Table 1. Study

quality was evaluated by using the NOS; studies with scores�7 were considered to have high

quality. Two studies had a score of 8, 9 studies had a score of 7, and 1 study had a score of 6.

Study quality based on the NOS score is presented in Table 2.

DII score and UC risk

Eight studies with 10,328 individuals in total evaluated the association of DII score with pros-

tate cancer risk. Significant heterogeneity was found among the studies (I2 = 42.2%). Addition-

ally, publication bias was observed from the Begg (P = 0.013) and Egger regression tests

(P = 0.019), as well as the funnel plot (Fig 1). The pooled RR for the highest versus lowest DII

score was 1.62 (95% CI: 1.30–2.02) (Fig 2). Subgroup analyses based on study design and sam-

ple size showed consistent results (Fig 3).

Two studies, including a total of 36,121 individuals, evaluated the association of DII score

with kidney cancer risk. There was no significant heterogeneity among the studies (I2 = 0%).

The pooled RR for the highest versus lowest DII score was 1.46 (95% CI: 1.16–1.85) (Fig 2).

One study including 1,355 participants evaluated the association of DII score with bladder

cancer risk. The pooled RR for the highest versus lowest DII score was 1.97 (95% CI: 1.28–

3.03). One cohort study with 37,442 participants evaluated the association of DII score with

urothelial cell carcinoma risk. The pooled RR for the highest versus lowest DII score was 1.24

(95% CI: 0.90–1.70) (Fig 2).

Sensitivity analyses and Publication bias

Sensitivity analysis was performed for prostate cancer by omitting one study each time; the

results showed that the overall pooled RRs were not influenced by any individual study (Fig 4),

suggesting that the results of this meta-analysis are stable. Some publication bias was observed

in the results according to Begg’s (P = 0.013) and Egger’s tests (P = 0.019) and funnel plots

(Fig 1).

Discussion

This is, to our knowledge, the first systematic review with a meta-analysis that evaluates the

association between the inflammatory potential of diet and UC risk. Eleven studies with a total

of 83,197 participants met the inclusion criteria and were finally included in the meta-analysis.

The results showed that more pro-inflammatory diets, estimated by a higher DII score, are

associated with an increased risk of prostate cancer, kidney cancer and bladder cancer.

The etiology of urologic cancers (including prostate, bladder, kidney cancers, and urothelial

cell carcinoma) is complicated, and several risk factors are involved in their development and

progression; in addition to environmental and genetic risk factors, lifestyle risk factors, such as

dietary habits, also play important role in cancer development and progression [31–35]. There

is growing evidence strongly supporting the involvement of inflammation in carcinogenesis

[5, 36]. Diet represents a complex set of exposures that often interact, and cumulative effects

may modify both inflammatory responses and health outcomes [22, 37]. Specific dietary com-

ponents may decrease UC risk by influencing both acute and chronic inflammation.

In the present meta-analysis, a stronger association was detected between higher DII score

and prostate cancer risks in the overall analysis. The pooled adjusted risk ratio (RR) for the

highest DII score versus the lowest category was 1.62 (95% CI: 1.30–2.02). Subgroup analyses

based on study design and sample size showed consistent results. Vázquez-Salas et al. reported

that there is no evidence of an association between a pro-inflammatory diet and prostate
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cancer risk, in contrast to the conclusions of previous studies [19, 22, 25]. This difference

among studies may be the result of small sample sizes, study design or population substructure,

or other factors. For kidney cancer, the pooled adjusted RR of kidney cancer for the highest

DII score versus the lowest category was 1.46 (95% CI: 1.16–1.85), which is consistent with

that in previous studies [24, 27]. For bladder cancer and urothelial cell carcinoma, participants

in the highest category of DII score were associated with an increased risk of bladder cancer

(RR = 1.97, 95% CI: 1.28–3.03) compared with those in the lowest DII category [26]. However,

a pro-inflammatory diet is not related to urothelial cell carcinoma risk (RR = 1.24, 95% CI:

0.90–1.70) [18]. Only two studies reported the relationship between the DII score and kidney

cancer risk; one study for bladder cancer and one study for urothelial cell carcinoma were

included in the present meta-analysis. The sample size was small; thus, studies with larger sam-

ple sizes are needed to further investigate the potential relationships of DII score with these

cancer risks.

Table 2. Quality assessment of all included studies.

First author Publishing year Selection Comparability Exposure Total

Shivappa1 et al. [22] 2015 $$$ $ $$ 6

Shivappa2 et al. [23] 2017 $$$ $$ $$ 7

Shivappa3 et al. [28] 2016 $$$ $$ $$ 7

Graffouillère et al. [17] 2016 $$$ $$ $$$ 8

Vázquez-Salas et al. [19] 2016 $$$ $$ $$$ 8

Shivappa4 et al. [25] 2015 $$$ $$ $$ 7

Shivappa8 et al. [29] 2018 $$$ $$ $$ 7

Shivappa9 et al. [30] 2018 $$$ $$ $$ 7

Shivappa6 et al. [24] 2017 $$$ $$ $$ 7

Shivappa7 et al. [27] 2017 $$$ $$ $$ 7

Dugué et al. [18] 2016 $$$ $$ $$ 7

Shivappa5 et al. [26] 2016 $$$ $$ $$ 7

https://doi.org/10.1371/journal.pone.0204845.t002

Fig 1. Funnel plot of the studies assessing the association between the DII score and prostate cancer risk.

https://doi.org/10.1371/journal.pone.0204845.g001
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Fig 2. Forest plots showing RR with 95% CI of urologic cancer comparing the highest to the lowest dietary

inflammatory index score.

https://doi.org/10.1371/journal.pone.0204845.g002

Fig 3. Forest plots showing RR with 95% CI of prostate cancer comparing the highest to the lowest dietary

inflammatory index score.

https://doi.org/10.1371/journal.pone.0204845.g003
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When interpreting the results of the current study, some limitations should be considered.

First, only two studies reported the relationship between the DII score and kidney cancer risk;

additionally, one study for bladder cancer and one study for urothelial cell carcinoma reported

a relationship. The sample size of included published articles was small, so sufficient data was

unavailable. Second, the DII score was calculated by self-report, inevitably leading to some

recall bias. Third, substantial heterogeneity reporting on prostate cancer was observed among

studies; this may a result of the different number of food parameters, geographical region and

follow-up duration. Finally, some publication bias exists in the results which may due to the

limited studies in the present meta-analysis.

Conclusion

This study suggests that a pro-inflammatory diet is associated with an increased risk of prostate

cancer, kidney cancer and bladder cancer. Nevertheless, more large-scale, well-designed stud-

ies are needed to investigate the findings, and future research is needed to investigate whether

an anti-inflammatory dietary pattern could constitute a beneficial nutritional choice for the

primary prevention of UC.
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