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Abstract 

Background: Several studies have investigated the relationship between dietary patterns and the risk of bladder 
cancer (BC) in different regions including Europe, the United States, and Asia, with no conclusive evidence. A meta-
analysis was undertaken to integrate the most recent information on the relationship between a data-driven Western 
diet (WD), the Mediterranean diet (MD), and dietary-inflammatory-index (DII) and the risk of BC.

Method: We looked for published research into the relationship between dietary patterns and the incidence of BC in 
the PubMed/Medline, Cochrane Library, Web of Science, and Scopus databases up until February 2021. Using a multi-
variate random-effects model, we compared the highest and lowest categories of WD, MD and DII patterns and pro-
vided the relative risk (RR) or odds ratios (OR) and 95 percent confidence intervals (CIs) for the relevant relationships.

Results: The analysis comprised 12 papers that were found to be suitable after scanning the databases. Both case–
control (OR 0.73, 95% CI: 0.52, 0.94;  I2 = 49.9%, n = 2) and cohort studies (RR 0.93, 95% CI: 0.88, 0.97;  I2 = 63%, n = 4) 
found a substantial inverse association between MD and BC. In addition, although cohort studies (RR 1.53, 95% CI 
1.37, 1.70;  I2 = 0%, n = 2) showed a direct association between WD and BC, case–control studies (OR 1.33, 95% CI 0.81, 
1.88;  I2 = 68.5%, n = 2) did not. In cohort studies, we found no significant association between DII and BC (RR 1.02, 
95% CI 0.93, 1.12;  I2 = 38.5%, n = 2). In case–control studies, however, a strong direct association between DII and BC 
was discovered (RR 2.04, 95% CI 1.23, 2.85;  I2 = 0%, n = 2).

Conclusion: The current meta-analysis showed that MD and WD have protective and detrimental effects on BC risk, 
respectively. No significant association between DII and the risk of BC was observed. More research is still needed to 
confirm the findings. Additional study is warranted to better understand the etiological mechanisms underlying how 
different dietary patterns affect BC.

Trial registration: Protocol registration number: CRD42020155353.

Database for protocol registration: The international prospective register of systematic reviews database (PROSPERO).

Data of registration: August 2020.
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Background
Being among the top ten most common types of cancer 
in the world, cancer of the bladder (BC) causes approxi-
mately 550,000 new cases annually [1]. With regard to the 
geographical distribution the risk of bladder cancer is the 
highest in Southern and Eastern Europe, Africa, the Mid-
dle East, and North America[2]. About 75% of cases of 
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BC are non-muscle-invasive bladder cancer (NMIBC), a 
type that frequently recur and requires intensive treat-
ment and follow-up measures posing a large burden on 
any national health care budgets [3]. Epidemiological 
studies introduced several factors that potentially influ-
ence the risk of bladder cancer. These factors include, 
sex, age, occupation, and smoking [3, 4]. Urinary tract 
infections and exposures to arsenic or aromatic amines 
like heterocyclic amines (HCAs), and polycyclic aro-
matic hydrocarbons (PAHs) are also among the potential 
risk factors for BC [5].  Furthermore, more information 
is becoming available on the possible role of food in the 
development of BC [5]. However, according to the latest 
report from World Cancer Research Fund (WCRF), the 
evidence from epidemiologic studies on the above asso-
ciation is scarce and largely inconsistent [6].

Epidemiological studies suggested that several environ-
mental and lifestyle related factors, e.g., pollutions and 
diet, might also play important roles in the risk of BC [7, 
8]. In terms of diet, epidemiological studies have exam-
ined at the associations between certain foods and the 
risk of BC, with some intriguing results. As such, animal 
fat, a high red meat intake, and refined carbohydrate, that 
are the major component of the Western diet (WD), are 
associated to an elevated risk of BC [9–11]. In contrast, 
the Mediterranean diet’s key components, fruits, vegeta-
bles, whole grains, and dietary fiber, have been associated 
to a lower incidence of BC [12–17]. The MD contains suf-
ficient of fiber (found in fruits and vegetables), legumes 
and grains, fish, moderate wine intake, low-to-moderate 
milk and dairy products consumption, and minimal meat 
and meat products consumption [16, 18]. WD, on the 
other hand, is a dietary pattern that includes a lot of high-
fat animal meat, processed products, red meat, and high-
sugar foods [19–21]. Based on the existing evidence, MD 
is a significant protective factor for several non-commu-
nicable diseases [22–24].

Foods contain many interacting nutrients affecting 
body’s function and well-being. Although several stud-
ies associated particular food items are with BC, the 
evidence is inconclusive [25, 26]. This is because, indi-
viduals do consume food items together and it is there-
fore rather than focusing at individual nutrients when 
analyzing food, it’s critical to apply a holistic approach. 
Among the several methods in nutritional epidemiol-
ogy, dietary pattern analysis is now often regarded as a 
more effective method for determining the overall impact 
of food consumption on health. Given the fact that the 
relationship between dietary pattern and BC has attained 
increasing attention, the evidence remains inconclusive. 
For example, a few studies reported hazardous effects of 
WD on the risk of BC [9–11], whereas others found an 
inverse association between WD (or healthy diets) and 

BC [12–17]. To sum up, although the association of BC 
in association to dietary pattern, has been investigated by 
several researchers in Europe, United States, and Asia, no 
conclusive evidence over the subject has been made. We 
performed a meta-analysis of cohort and case–control 
studies to integrate the most recent evidence on the rela-
tionship between WD, MD, and DII and the risk of BC 
among those who were suffering from the BC.

Methods
This study was carried out in accordance with the pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA) standard recommendations [27].

Protocol and registration
The aim of this study was to see if there was an associa-
tion between dietary habits and the risk of developing 
BC. In August 2020, the study protocol was registered 
with the CRD42020155353 registration number in the 
international prospective register of systematic reviews 
database (PROSPERO) (Available at: https:// www. crd. 
york. ac. uk/ PROSP ERO/ displ ay_ record. php? Recor dID= 
155353).

Search strategy and selection criteria
Without restrictions, we searched PubMed/Medline, 
Web of Science (ISI), Cochrane library, Clinicaltrials.gov, 
and SCOPUS databases for papers that indicated a rela-
tion between dietary patterns and the risk of BC up to 
February 2021. The following search keywords or phrases 
were used to find relevant articles: ("neoplasm" OR "can-
cer" OR "carcinoma") AND ("bladder" OR "urinary blad-
der") AND ("dietary pattern" OR "eating pattern" OR 
"food pattern" OR "dietary habit" OR "diet" OR "dietary"). 
Additionally, the reference lists of the included papers 
and recent major reviews were carefully evaluated to find 
other relevant publications in order to prevent missing 
any related article. Review studies, and if the retrieved 
publications didn’t fulfilled the following inclusion cri-
teria, they were excluded in our study: studies with a 
case–control or cohort design, reported the associa-
tions between dietary patterns and BC, included newly 
diagnosed cases of BC, diagnosed all cases using patho-
logical biopsies or other standard methods, and provided 
relative risks (RRs), hazards ratios (HRs), or odds ratios 
(ORs) and their corresponding 95 percent confidence 
intervals for the dietary patterns. We included the most 
often identified dietary patterns across studies to reduce 
the possibility of misclassifications, and we made sure 
that the selected dietary patterns were specified consist-
ently in terms of factor loadings of the most frequently 
consumed foods as much as feasible. The categorization 
of Western, Mediterranean and DII dietary patterns was 
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based on selected peer-reviewed publications. When 
several publications from the same data were found, the 
publication with the most participants/person-years was 
chosen. The selected articles and reading the titles and 
abstracts of the searched papers independently were 
examined by two independent reviewers (NA and DB). 
If both reviewers agreed that a publication did not fulfill 
the above-mentioned inclusion criteria, it was excluded. 
Inconsistencies (if any) were to be solved by a consulta-
tion with a third author (MD).

Data extraction and quality assessment
Using a standardized data collection form, two reviewers 
independently extracted the required information. From 
each study, we gathered the following data: first author’s 
last name; year of publication; study location; study 
design; sample size; duration of follow-up; method of 
analysis; diagnostic criteria; gender; average age of partic-
ipants; dietary valuation methods; dietary patterns; RRs, 
HRs, or ORs and the corresponding 95% CIs for the high-
est vs. the lowest categories; of dietary patterns from the 
final adjusted models and potential confounders adjusted 
in the multivariate analysis. The authors were contacted 
by email at least twice, one week apart, when the full text 
of a paper was unavailable or if any essential information 
was missing in the provided data. The Newcastle–Ottawa 
Scale (NOS) was used to measure quality assessment of 
the included studies [28]. Concisely, we used a nine-score 
tool based on the NOS to assess the quality of the stud-
ies characterized by three broad criteria: [1] appropriate 
study population selection, [2] study group comparabil-
ity, and [3] ascertainment of the exposure (for cohort 
studies) or outcome (for case control studies) of interest. 
Each study’s quality was independently assessed by two 
reviewers (NA and DB). Disagreements were once again 
resolved by discussion among the reviewers. Studies hav-
ing a score of 7 or above, with 9 being the maximum, 
were deemed to be of high quality.

Statistical analyses
The observed relationship between dietary patterns and 
the risk of BC was measured using RRs as the common 
scale. As RR estimators, HRs, ORs, and incidence rate 
ratios (IRRs) were also utilized [29]. We conducted ran-
dom-effects meta-analysis to obtain the pooled RR and 
its 95% confidence intervals.

Because of the potential heterogeneity in clinical and 
methodological characteristics within and between stud-
ies, the random-effects analysis was used [30].

To assess heterogeneity across studies, we utilized 
Q statistics with a significance level of P < 0.10. We also 
used the  I2 statistic to indicate the variance between 
studies that may be attributed to heterogeneity rather 

than chance. Moderate heterogeneity was defined as an  I2 
value larger than 50% [31].

To measure the impact of individual or a group of stud-
ies on the results e conducted a sensitivity analysis. We 
tested for publication bias by visual inspection of Begg’s 
funnel plots presenting log RRs against their standard 
errors (SEs) [32, 33]. STATA version 15.0 was used for all 
analyses (Stata Corp LP, College Station, Texas). Except 
otherwise specified, statistical significance was defined as 
a P-value of less than 0.05.

Results
Study characteristics
Following the PRISMA flow diagram (Fig. 1) of the study 
selection process, we found a total of 2554 articles from 
the searched databases. Some were excluded because 
of duplication and being irrelevant articles. Eventually, 
seven cohort studies [10, 11, 14–17, 34], and five case 
control studies [9, 12, 13, 35, 36]  were included in the 
present mete-analysis. Included cohort studies consisted 
of 12,679 cases and 1,952,859 non-cases. In addition, 
the case–control studies included 1891 cases and 2326 
controls. The study selection procedure is illustrated in 
Fig. 1.

The details of the included studies are shown in Table 1. 
Of the Included articles that were published between 
2008 and 2020, six studies assessed the effect of MD on 
BC risk [12–17], three articles investigated the associa-
tions between WD and BC [9–11], and three studied on 
DII and BC [34–36]. Two of them were conducted in Italy 
[12, 35] and others were conducted in Netherlands [15], 
two from EPIC study [14, 16], Belgium [13], Australia 
[17], Uruguay[9], Iran [36], united states [11, 34], and 
one from Australia, European countries and united states 
[10]. Dietary intake was assessed using food-frequency 
questionnaire (FFQ) in almost all the included studies. 
Adjustment-variables were mostly age, sex, smoking, 
total energy intake, body mass index, alcohol consump-
tion, physical activity, and family history of BC.

Association between a Western dietary patterns and risk 
of BC
The combined RR for the highest vs. the lowest category 
of a WD and risk of BC was 1.52 (95% CI 1.36, 1.67), with 
no significant heterogeneity  (I2 = 19.5%, p = 0.29) (Fig. 2). 
A similar pattern of association was observed in cohort 
studies (RR 1.53, 95% CI 1.37, 1.70), again with no het-
erogeneity  (I2 = 0%, p = 0.82). In contrast, we found no 
significant association between a WD and risk of BC 
in case–control studies (OR 1.33, 95% CI 0.81, 1.88; 
 I2 = 68.5%, p = 0.07).
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Association between Mediterranean diet and risk of BC
According to Fig. 3, six studies (4 cohorts; 2 case–con-
trol) examined the effects of a MD and risk of BC, and 
their results were conflicting. As shown in Fig. 3, the 
overall RR of the association between risk of BC for the 
highest vs. the lowest category of MD was protective 
(RR 0.92, 95% CI: 0.87, 0.96), with a significant hetero-
geneity  (I2 = 62.5%, p = 0.02). We found the same pat-
tern with pooled estimate, in both cohorts (RR 0.93, 
95% CI: 0.88, 0.97;  I2 = 63%, p = 0.04) and case con-
trol studies (OR 0.73, 95% CI: 0.52, 0.94;  I2 = 49.9%, 
p = 0.15).

Association between DII and risk of BC
The combined RR for the highest vs. the lowest cat-
egory of a DII and risk of BC was 1.04 (95% CI 0.94, 
1.13), with a significant heterogeneity  (I2 = 61.4%, 
p = 0.05) (Fig.  4). We found a similar association in 
cohort studies (RR 1.02, 95% CI 0.93, 1.12), with no 
significant heterogeneity  (I2 = 38.5%, p = 0.20). In case–
control studies, however, a strong direct association 
was identified between a DII and the risk of BC (OR 
2.04, 95% CI 1.23, 2.85;  I2 = 0%, p = 0.67).

Fig. 1 PRISMA flow diagram of the study selection process
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Quality assessment and sensitivity analysis
Table 2 shows the methodological quality of the selected 
studies according to the NOS. The NOS scores for the 
included studies ranged from 6 to 8, with 11 high [9, 10, 
12–17, 34–36]  and one medium-quality [11]. We con-
ducted a sensitivity analysis to check if the results would 
change when each individual study was removed at a 
time. Except for studies on DII and risk of BC, the results 
were fairly robust after removing studies from the meta-
analyses. Results of publication bias were not provided 
according to the reviewers suggestions.

Discussion
In the meta-analysis, we reviewed the investigated asso-
ciations between adherence to major dietary patterns 
and risk of BC. We observed a direct association between 
WD and risk of BC, and an inverse association between 

MD and risk of developing BC. However, there was no 
association between DII and BC risk.

Several systematic review and meta-analyses have 
investigated the association between dietary patterns 
and the risk of cancer of other organs, WD was associ-
ated with increased risk of colorectal [37, 38], stomach 
[39], and prostate cancers [40]. Similar to our results, 
a meta-analysis with 12 observational studies reported 
that WD is related to an increased risk of prostate can-
cer but no association between healthy pattern and 
prostate cancer risk [40]. However, to date no meta-
analysis is available on the association between dietary 
patterns and BC. The results published from studies 
that have examined the relationship between WD and 
risk of BC are in accordance with our findings [9–11]. 
For example, the results of a recently published pooled 
analysis on 13 cohorts suggested that adherence to a 
WD pattern is associated with an increased risk of BC 

Fig. 2 Forest plot shows the association between the highest category of a WD and BC risk
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[10]. Also, Westhoff et. al. found that greater adherence 
to a WD was associated with a higher risk of BC recur-
rence [11]. This finding supports the hypothesis that 
WD plays a role in the etiology and prognosis of BC. 
According to the results, although a strong association 
was observed between higher adherence to a WD and 
BC in cohort studies (RR 1.55, 95%CI: 1.37 to 1.70), we 
found no significant association between WD and risk 
of BC in case–control studies (RR 1.30, 95%CI: 0.81 to 
1.88). This might be due to recall bias in these studies 
and even small sample size of the included case control 
studies.

Epidemiological studies have concentrated on some 
key elements of WD and reported a positive associations 
between red and processed meat, refined grain and satu-
rated fats and risk of BC [41]. Red and processed meat is 
one of the important key elements of this dietary pattern 
and it is positively associated with the risk of BC [42]. 

Potentially hazardous materials present in the WD, such 
as N-nitroso-compounds, heterocyclic aromatic amines 
and polycyclic aromatic hydrocarbons in red meat, are 
excreted in the urine. As a result, they come into direct 
contact with the inner lining of the bladder wall, poten-
tially causing cancer in urothelial cells [43]. Moreover, it 
is suggested that red and processed meats contain satu-
rated fat and heme iron, potential inducers of oxidative 
stress and DNA damage [44]. Also, more mutagenic sub-
stitutes during the cooking procedure of these nutrients 
takes place. As mentioned by Matteo et. al., cooking meat 
or fats, main components of WD, at higher temperatures 
(roasting) or for prolonged times (e.g., stewing) were 
associated with an increased BC risk [45]. According to 
the previous studies, components produced during food 
processing, particularly when meat is cooked at higher 
temperatures or for longer periods of time, can damage 
DNA and increase the risk of cancer [45–47]. However, 

Fig. 3 Forest plot shows the association between the highest category of a MD and BC risk
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the lack of information on cooking and preparing food in 
the included studies prevented us to conduct a subgroup 
analysis according to the cooking methods.

Regarding adherence to MD and cancer risk, results of 
a systematic review reported that MD was inversely asso-
ciated with cancer mortality and risk of colorectal, breast, 
gastric, liver, head and neck, gallbladder, and biliary tract 
cancers [48]. However, a meta-analysis of 10 epidemio-
logical studies provided evidence that MD is not related 
with prostate cancer risk [49]. In our meta-analysis the 
association between MD and risk of BC was reported 
by 6 studies [12–17]. We found a stronger association 
between MD and BC in cohort studies rather than case–
control studies. A pooled analysis of 13 cohort studies 
showed that adherence to the MD was associated with 
a reduced risk of developing BC (HR: 0.85; 95% CI: 0.77, 
0.93), suggesting a positive effect of a MD on BC risk [16]. 
In addition, Dugué et  al. discovered a moderate inverse 

relationship between MD adherence and urothelial cell 
cancer [17]. Also, Buckland et al. found an inverse asso-
ciations between adherence to the MD and occurrence of 
overall, aggressive or non-aggressive, BC for both gender 
[14]. It is suggested that, among key elements of this diet, 
some of them had beneficial effects on the prevention of 
BC. For example, it has been shown that the consump-
tion of vegetables and fruits, as the main components of 
the WD, are inversely associated with the risk of BC [50, 
51]. It is suggested that, polyphenols, carotenoids, and 
vitamins C and E are abundant in both vegetables and 
fruits, and they serve as antioxidants, preventing DNA 
damage by neutralizing reactive oxygen species [52]. 
Olive oil is another significant component of the MD that 
has been examined as a single dietary item in relation 
to bladder cancer. Brinkman et al. showed that a higher 
consumption of olive oil was inversely related to the risk 
of BC [13].

Fig. 4 Forest plot shows the association between the highest category of a DII and BC risk
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Regarding DII, A meta-analysis found that higher pro-
inflammatory diets are linked to an increased risk of 
prostate, kidney, and bladder cancer [53], results that are 
different with our finding. In this study, we investigated 
2 case–control and 2 cohort studies [17, 34–36]  on the 
association of DII and BC. Our pooled estimates show 
that DII was not significantly associated with the BC risk. 
Null association between a DII and BC in cohort studies 
suggests that the significant association found in case–
control studies may be due to recall bias rather than a 
real association. The discrepancies between the individ-
ual studies could be attributed to the small sample sizes, 
study design or population substructure. Chronic inflam-
mation causes oxidative and nitrative DNA damage in 
stem cells, which might be one of the processes behind 
the observed positive relationship between DII and BC 
[54].

There are probably differences in the definitions of diets 
in different studies, so we used the most common defini-
tion. However, there are some limitations to this meta-
analysis, as such, the results are combined from studies 
conducted with different methods in different popula-
tions, resulting in heterogeneity. Among several potential 
explanations, recall bias occurs a lot in case control stud-
ies rather than cohort studies. Moreover, a possible mis-
classification within the considered dietary patterns may 
existed. We cannot generalize our results to the whole 
world because the most studies that we found were from 
European and developed countries. As a result, more 
studies are needed, especially in Asian and African coun-
tries, to support these findings.

Conclusions
Our results specified a direct association between WD 
and risk of BC, and an inverse association between MD 
and risk of developing BC. Also, there was no associa-
tion between DII and BC risk. According to our find-
ings dietary patterns might play an important role in BC 
prevention and guidelines might provide more attention 
to recommend consuming MD components and reduc-
ing WD components. However, further researches are 
needed to confirm our findings and to study the possible 
mechanisms for the WD effects on carcinogenesis of BC 
and MD and their effects on BC prevention.
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