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Novelty and impact: Most studies on the association between diet and the risk of urothelial 

cell carcinoma (UCC) have focused on individual foods and nutrients and produced 

inconclusive evidence. In this paper, we used three common dietary scores to assess the 

evidence of an association between healthy eating and UCC risk. Our findings indicate that a 

healthy diet may be protective against invasive UCC. The associations we observed were 

particularly strong in current and past smokers. 

 

Words in main text: 4,506 

Number of tables and figures: 3 tables and 1 figure 

Supplementary material: 1 table 
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ABSTRACT 

Studies investigating the association of food and nutrient consumption with the risk of 

urothelial cell carcinoma (UCC) have produced mixed results. We used three common dietary 

scores, the Mediterranean Diet Score (MDS), the Alternate Healthy Eating Index 2010 

(AHEI-2010), and the Dietary Inflammatory Index (DII) to assess the evidence of an 

association between diet and the risk of UCC. Over a median follow-up time of 21.3 years, 

379 incident UCC cases were diagnosed. Dietary scores were calculated using data from a 

121-item food frequency questionnaire administered at baseline. We used Cox models to 

compute hazard ratios (HR) for the association between dietary scores (per one standard 

deviation) and UCC risk. In order to reflect overall adherence to a healthy diet, a metascore 

was constructed by summing the quintiles of each of the three scores. None of the dietary 

scores was associated with the risk of UCC overall. A healthier diet was found to be inversely 

associated with the risk of invasive (MDS: HR=0.86, 95% CI: 0.74-1.00, metascore: 

HR=0.84, 95% CI: 0.71-0.98), but not superficial disease (heterogeneity between subtypes 

p=0.04 and p=0.03, respectively). Results were consistent but weaker for DII and AHEI-2010. 

We found some evidence of effect modification by smoking, in particular for the metascore 

(Current: HR=0.77, 95% CI: 0.58-1.01, Former: HR=0.77, 95% CI: 0.64-0.92, Never: 

HR=1.01, 95% CI: 0.81-1.26, p for heterogeneity=0.05). A healthy diet may be protective 

against the risk of invasive, but not superficial, UCC. Promoting healthy dietary habits may 

help lower the risk of invasive UCC, especially for current and former smokers. 
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INTRODUCTION 

Urothelial cell carcinoma (UCC) includes tumours of the transitional epithelium of the renal 

pelvis, the ureter, proximal urethra and, predominantly, the urinary bladder. UCC is the fourth 

most commonly diagnosed cancer in males in developed countries
1
. More than half of cases 

are superficial but recurrence frequently occurs, which constitutes a substantial healthcare 

burden
2
. Bladder cancer patients experience low survival rates, especially women, for whom 

the 5-year relative survival in 2009-2013 in Australia was 45%, compared with 56% for men
3
. 

Well-established risk factors for UCC include smoking, sex (3 to 4 times more frequent in 

males), and occupational and environmental exposures to pollutants
4
. Genetic variants 

associated with bladder cancer risk have been discovered
4
 and some appear to interact with 

environmental factors, for example GSTM1, GSTT1 and NAT2 polymorphisms with 

polycyclic aromatic hydrocarbons and aromatic amines
5
. 

Braver’s urogenous contact theory
6
 provides a biologically plausible rationale proposing that 

the urothelium is exposed to dietary factors in the urine, which may have an influence on 

urothelial cell carcinogenesis. However, after suggesting a probable chemopreventive effect 

of fruit and vegetables in their first report (1997), the World Cancer Research Fund/American 

Cancer Research Fund concluded in their most recent report that “the evidence was too 

limited to conclude that any aspect of food, nutrition and physical activity directly modifies 

the risk of bladder cancer”
7
. 

Studies that have evaluated the association between diet and the risk of UCC have mostly 

focused on specific vitamins or nutrients, and produced mixed and inconclusive results. 

Hypotheses tested thus far include the protective effects of certain vitamins
8, 9

, intake of 

vegetables and fruit
10, 11

 or their specific compounds such as flavonoids
12

, and specific food 

types such as milk
13

 and eggs
14

. Other hypothesised risk factors include the intake or total 

fluids
15

, or of coffee and tea
16

. The hypothesis that cancer is caused by single nutrients is 

difficult to test, in particular because the intakes of specific nutrients are correlated with each 

other and can be combined in numerous ways. Hence, dietary scores reflecting entire dietary 

patterns may provide greater insight into the effect of a wide range of dietary exposures, and 

offer an attractive alternative to study complex associations between diet and diseases such as 

UCC
17

. 
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In this study, we sought to examine whether specific patterns of diet, as defined by dietary 

scores, were associated with the risk of UCC. We focused on three commonly used dietary 

scores: the Mediterranean Diet Score (MDS), the Alternate Healthy Eating Index 2010 

(AHEI-2010), and the recently developed Dietary Inflammatory Index (DII). These dietary 

scores are based on different theoretical approaches to defining a healthy diet and each has 

been found to be associated with various health outcomes
18-20

. 

 

MATERIAL AND METHODS 

Study participants 

The Melbourne Collaborative Cohort Study (MCCS) is a prospective cohort study comprising 

17,045 men and 24,469 women, aged 27 to 76 years (99% aged 40-69 years) at the time of 

recruitment (1990-1994). Study participants were recruited from the metropolitan area of 

Melbourne, Australia. People of Southern European descent (Italy and Greece) were 

oversampled to extend the range of lifestyle exposures, including dietary habits. More details 

about the cohort can be found elsewhere
21

. The protocol for this study was approved by the 

Cancer Council Victoria’s Human Research Ethics Committee. 

Dietary score definitions 

At baseline, participants were administered a validated 121-item food frequency questionnaire 

(FFQ) developed for the MCCS
22

. A summary of the components of the dietary scores is 

presented in the Supplementary Table. The three dietary scores we examined are based on 

different theoretical approaches: the MDS represents the dietary pattern consumed by 

populations bordering the Mediterranean Sea, for whom a high life expectancy and 

particularly low rates of cardiovascular disease, certain cancers, and other diet-related chronic 

diseases were observed; the AHEI-2010 is the up-to-date version of the Alternate Healthy 

Eating Index, which was developed to summarise an individual’s overall intake of foods and 

nutrients found to be associated with the risk of chronic disease in the medical literature; the 

DII, based on the evidence that chronic inflammation appears to be associated with the risk of 

several chronic diseases, aims to summarise the overall inflammatory potential of an 

individual’s diet, using a comprehensive literature search of inflammation-associated foods 

and nutrients. 
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Mediterranean Diet Score: The MDS was calculated using the 9-item score developed by 

Trichopoulou
23

. For vegetables, fruits, cereals, legumes, and fish, participants were allocated 

1 point if their intake was above the sex-specific median. For dairy and red meat, participants 

were allocated 1 point if their intake was below the median. For alcohol, men with an intake 

between 10 and 50g per day and women with an intake between 5 and 25g per day were 

allocated 1 point. We replaced the ratio of dietary monounsaturated (MUFA) to saturated 

(SFA) fats used by Trichopoulou with the intake of olive oil, as olive oil was found to 

correlate more closely than MUFA with the MDS
24

. The MDS potentially ranges from 0 to 9, 

a higher value representing a more Mediterranean diet. 

Alternate Healthy Eating Index-2010: The AHEI-2010 is based on 11 components
25

, each 

given a score between 0 (less healthy diet) and 10 (healthier diet), with intermediate values 

scored proportionally to their intake. Intakes of vegetables, fruit, whole grains, nuts and 

legumes, long chain omega-3 fats, and polyunsaturated fatty acids contribute to the score 

positively; intakes of sugar sweetened drinks and fruit juice, red and processed meat, trans fat, 

and sodium contribute negatively, and alcohol intake is considered to be part of healthier diet 

if consumed in moderation. The AHEI-2010 score potentially ranges from 0 to 110, a higher 

value representing healthier eating habits. 

Dietary Inflammatory Index: To calculate the DII for the participants in this study, the dietary 

data were first linked to a worldwide database that provided robust estimates of a mean and 

standard deviation for each food parameter included in the DII. These parameters then 

became the multipliers to express an individual’s exposure relative to the “standard global 

mean” as a z-score. To minimize the effect of right skewing, this value was then converted to 

a centred percentile score. The centred percentile score for each food parameter for each 

participant was then multiplied by the corresponding food parameter effect score in order to 

obtain a food parameter-specific DII score. All parameter-specific DII scores were then 

summed to create the overall DII score. In the MCCS, DII scores were calculated using 29 

foods and nutrients, out of the 45 possible items
26

, for which the intake data were available: 

energy, carbohydrate, protein, fat, alcohol, fibre, cholesterol, saturated fatty acid, mono-

unsaturated fatty acid, poly-unsaturated fatty acid, omega 3 fat, omega 6 fat, trans fat, niacin, 

thiamin, riboflavin, vitamin B12, vitamin B6, iron, magnesium, zinc, vitamin A, vitamin C, 

vitamin E, folic acid, beta carotene, garlic, onion, and tea. DII scores ranging from -8.9 to 8.0 

were estimated from simulated diets based on international intake data
26

. A higher value 

represents a more pro-inflammatory diet. 
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Overall adherence to a healthy diet: Overall adherence to a healthy diet was summarised by 

creating a metascore. The metascore was constructed from the 3 dietary scores by summing 

the quintiles of each score (with the DII scale inverted so a higher score reflected a healthier 

diet). The metascore thus potentially ranged from 3 to 15, a higher value representing overall 

good adherence to a healthy diet. 

Exclusion criteria 

To avoid misclassification of dietary habits, we excluded from the analysis individuals with 

heart disease, angina, and diabetes as they may have changed their diet in response to their 

diagnoses (N=6,121). Individuals in the 1
st
 and 99

th
 percentile of the energy intake 

distribution were also excluded as they may represent aberrant reporting of food habits 

(N=951), i.e. males with energy intakes (in kilocalories) of <995 or >5,514 kcal, and females 

with energy intakes of <777 or >4,568 kcal. 

Case ascertainment 

All incident UCC cases diagnosed between baseline (1990-1994) and 31 December 2012 

were identified from the Victorian Cancer Registry and the Australian Cancer Database, 

which contain virtually complete data on cancers diagnosed in MCCS participants. We used 

the following ICD-O-3 morphology codes: 8120, 8122, 8130 and 8131. Disease subtypes 

were defined according to behaviour. Invasive UCC included any tumour that had penetrated 

or invaded the basement membrane. Superficial UCC included papillary transitional cell 

neoplasm of low malignant potential or carcinoma in situ (CIS) that was completely confined 

within the epithelium. For individuals who were diagnosed with both superficial and invasive 

UCC, only the first diagnosis was considered. Individuals who received both diagnoses on the 

same day were considered to be diagnosed with invasive disease (N=2 cases). Tumours of 

uncertain diagnosis (not histologically confirmed) were censored at the time of diagnosis, as 

were those with borderline behaviour, and those with a vaginal histology code (ICD-4: C529). 

 

Statistical analysis 

Correlations between dietary scores were assessed using Spearman correlations and 

represented graphically using box plots. Dietary scores were used as continuous variables or 

divided into quintiles. Because the MDS and the AHEI-2010 are pseudo-continuous, we could 
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only split them into groups of similar size, named quintiles hereafter. We used Cox regression 

models to estimate hazard ratios (HRs) for the association between dietary scores and the risk 

of UCC. Age was used as the timescale to adjust for age effects
27

. For all dietary scores, the 

proportional hazards assumption was assessed by visual inspection of Schoenfeld residuals
28

. 

Other potential confounders included in the models were: sex; country of birth (Australia, 

New Zealand, UK, Southern Europe, Northern Europe); smoking (never, former: quit ≤15 

years prior, former: quit >15 years prior, current ≤20 cigarettes per day, current >20 cigarettes 

per day); alcohol drinking (defined by sex-specific Australian NHMRC recommendation 

thresholds: never, 1-39 g/d (males) and 1-19 g/d (females), 40-59 g/d (males) and 20-39 g/d 

(females), 60+ g/d (males) and 40+ g/d (females)), body mass index (BMI) (<25 kg/m
2
, 25-30 

kg/m
2
, >30 kg/m

2
); physical activity (continuous score developed by MacInnis et al.

29
); 

education (primary school only, some high/technical school, completed high/technical school, 

degree or diploma); socioeconomic status (defined by quintiles of relative socioeconomic 

disadvantage of area of residence
30

) and reported intake of nonsteroidal anti-inflammatory 

drugs (NSAIDS) (none, aspirin only, other NSAID only, both aspirin and other NSAID). All 

HRs for dietary scores are given per one standard deviation increase of the variable. 

All models were fitted separately for overall UCC and for invasive and superficial disease. 

Person-years of follow-up were calculated from baseline until the date of diagnosis, censoring 

at death or end of follow-up (31 December 2012). Censoring was also done at diagnosis of 

other UCC subtype (invasive or superficial) in the competing risk model
31

. Potential 

interactions of dietary scores with smoking, alcohol and sex were examined by adding 

interaction terms and applying a likelihood ratio test. Tests for heterogeneity in the HRs 

between invasive and superficial tumours were performed using the data duplication 

method
32

. 

 

 

RESULTS 

During follow-up, 379 individuals were diagnosed with UCC, including 165 invasive and 214 

superficial cases. The median follow-up time was 21.3 years, interquartile range (IQR): 6.1-

22.4 (in cases only: 13.6 years, IQR: 8.2-17.5), and the median age at cancer diagnosis was 

73.8 years, IQR: 66.6-78.0. UCC cases were more likely to be male, to smoke, be migrants 

Page 8 of 32

John Wiley & Sons, Inc.

International Journal of Cancer

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le

Healthy diet scores and risk of UCC, page 9 of 31 

 

from Southern Europe, drink alcohol and be less highly educated; other covariates had little 

association with UCC risk (Table 1). These associations did not appear to differ substantially 

by UCC subtype (data not shown). A moderate positive rank correlation was found between 

the MDS and the AHEI-2010 (Spearman ρ=0.49), and moderate negative rank correlations 

were found for the DII with each of the MDS and the AHEI-2010 (ρ=-0.44, and ρ=-0.28, 

respectively) (Figure 1). For all dietary scores, no evidence of departure from the proportional 

hazard assumption was observed for UCC risk overall or by subtype. 

We found no evidence of association between dietary scores and the risk of UCC overall: 

MDS: HR (per 1 SD)=0.97, 95% CI: 0.88-1.08; AHEI-2010: HR=1.03, 95% CI: 0.92-1.15; 

DII: HR=1.06, 95% CI: 0.96-1.18; metascore: HR=0.96, 95% CI: 0.86-1.06 (not shown), and 

no association of dietary scores with superficial UCC for the MDS: HR=1.06, 95% CI:0.92-

1.21, the DII: HR=1.05, 95% CI: 0.92-1.20, or the metascore: HR=1.05, 95% CI: 0.91-1.20 

(Table 2). The risk of superficial UCC was, on the contrary, increased for individuals with 

better adherence to the AHEI-2010 (HR=1.17, 95% CI: 1.01-1.34). 

Regarding invasive UCC, inverse associations were found with MDS (HR=0.86, 95% CI: 

0.74-1.00) and the metascore (HR=0.84, 95% CI: 0.71-0.98). The direction of the HR 

estimates were consistent, in terms of healthier eating being associated with protection, for a 

more pro-inflammatory diet (HR=1.10, 95% CI: 0.95-1.28) and the AHEI-2010 (HR=0.88, 

95% CI: 0.75-1.04), (Table 2). For the MDS, the AHEI-2010, and the metascore, the 

association with the risk of UCC was different by tumour subtype: p for heterogeneity=0.04 

for the MDS, p=0.006 for the AHEI-2010, and p=0.03 for the metascore (Table 2). 

The association of dietary scores with risk of invasive UCC appeared to be stronger for 

current and former smokers. There was evidence of effect modification by smoking status for 

the metascore (current smokers: HR=0.77, 95% CI: 0.58-1.01; former smokers: HR=0.77, 

95% CI: 0.64-0.92; never smokers: HR=1.01, 95% CI: 0.81-1.26, p interaction=0.05). For 

each dietary score taken individually, the association also appeared stronger for current and 

former smokers, although the evidence was weaker, p interaction=0.12, p=0.33, p=0.11 for 

the MDS, the DII, and the AHEI-2010, respectively. We found no evidence that the 

association between dietary scores and the risk of invasive UCC was modified by alcohol 

consumption or by sex, although a more pro-inflammatory diet appeared to be associated with 

an increased risk of invasive UCC in participants reporting low alcohol consumption 

(HR=1.26, 95% CI: 1.01-1.57) (Table 3). This was also the case for the metascore for which 
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the association appeared to be highest in low and moderate drinkers (HR=0.77, 95% CI: 0.61-

0.98 and HR=0.83, 95% CI: 0.70-1.00, respectively). 

 

DISCUSSION 

Main findings 

We observed inverse associations between dietary scores reflecting healthy eating and the risk 

of invasive UCC. Although no dietary score appeared to be a substantially better predictor of 

the risk of invasive UCC, the strongest association was obtained from computing a summary 

dietary score aiming to represent an overall healthy diet. The association we observed 

between overall adherence to a healthy diet and protection from invasive disease was stronger 

for current and former smokers than for never smokers. 

Limitations  

We could not adjust our results for environmental and occupational exposures to chemicals 

(e.g. polycyclic aromatic hydrocarbons and aromatic amines), which may introduce a bias if 

exposed workers in some industries had unhealthier dietary habits than other cohort members. 

Overall in Australia, workplace exposure to carcinogens is estimated to be responsible for 

14% of bladder cancer in men and 0.7% in women
33

. As exposed individuals probably 

constituted a small proportion of our cohort, any resulting confounding effect from 

differential eating habits is likely to be small. Additionally, adjusting for socioeconomic status 

and educational level (although imperfect proxies for such exposures) did not meaningfully 

change the observed associations.  

We were also unable to control for exposure to arsenic in drinking water, which has been 

shown to strongly increase the risk of UCC
7
, but the prevalence of such exposures in 

Melbourne, Australia is low according to the Australian Drinking Water Guidelines
34

. Fluid 

intake, in particular of water, may be associated with health awareness and thus with a 

healthier diet, but an accurate measure of this parameter could not be obtained from the 

MCCS FFQ. In any case, the association of fluid intake with the risk of UCC has been 

inconsistent, with the largest studies and a meta-analysis finding little or no association
16

. 
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Another potential limitation is that food frequency questionnaires measure dietary intakes 

with considerable error
18

. We evaluated diet only once, at baseline, and cannot exclude the 

possibility that people changed their diets over follow-up, which would lead to 

misclassification of long-term diet. Although using dietary scores does not overcome the 

weaknesses inherent in FFQs, they may be better able to distinguish between individuals than 

absolute amounts of specific foods or nutrients. Further, it is unlikely that an individual 

reports dietary intake erroneously for all items of a score. In this regard, dietary scores may be 

a more objective measure obtained from FFQs. 

There also are limitations inherent to the construction of dietary scores. Regarding the DII, we 

could include only 29 items out of the 45 included in the original score. The missing food 

items were anthocyanin, eugenol, flavan-3-ols, flavones, flavonols, flavonones, isoflavones, 

caffeine, ginger, saffron, turmeric, vitamin D, pepper, thyme and oregano, rosemary and 

selenium. Several of these items are not consumed frequently in the Australian population. 

Others food items are more frequently consumed and therefore might have influenced the DII 

computed in our study; this may be especially true for flavonoids which are frequently 

consumed and have recently been associated with the risk of UCC
12

. Although we could not 

test and confirm this result in our cohort, other studies have observed relatively strong 

correlations between inflammatory biomarkers and the DII when it was computed with fewer 

than 30 food parameters
35, 36

. Because the items of the MDS are scored relative to the median 

intake, the values taken by the MDS depend on the overall levels of consumption of each item 

in the study sample, which can bias the score towards certain food items. In our study, more 

than 25% of participants were Italians and Greeks which may have contributed to relatively 

high observed consumption (for an Australian cohort) of the MDS items. Although our results 

may not be strictly comparable to those of other studies because of wide variations in food 

consumption usually found by country and cohort, it has been shown that the magnitude of 

the association of the MDS with other chronic diseases is fairly consistent across studies
19

, 

and only slightly sensitive to each of its constitutive items
37

. 

An association between high AHEI-2010 and increased risk of superficial UCC was an 

unexpected finding from our analyses. We considered the possibility that individuals in this 

cohort who adhered more closely to the AHEI may have been more health-conscious and 

sought more prompt and regular medical checks leading to increased detection of early 

disease. The AHEI may better represent what people understood to be ‘healthy’ when the 

study was conducted, especially in relation to polyunsaturated fats. The DII on the other hand 
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is based on less well known nutrients and food items so people would be unlikely to 

knowingly select for more anti-inflammatory scores. Other considerations include possible 

limitations of using the AHEI-2010 as a dietary assessment tool. For example, maximum 

scores are given by the AHEI-2010 for consumption of four or more serves of fruit per day 

which increases the sugar content of the diet, and is not consistent with the Australian dietary 

guidelines (ADG) which recommend only 2 servings of fruit per day
38

. While the AHEI-2010 

does not distinguish between the different types of vegetables consumed, the WCRF and the 

ADG recommend limiting consumption of starchy vegetables. The AHEI-2010 also gives a 

higher score for a consumption of alcohol greater than that recommended in the ADG, 

particularly for women e.g. up to 1.5 standard drinks versus up to 1 standard drink per day, 

respectively. The ADG also recommends at least 2 alcohol-free days per week, which is not 

specified in the AHEI-2010. These limitations pertaining to the contribution of alcohol to 

dietary scores are also true for the MDS and the DII and so are unlikely to explain this 

unexpected result for the AHEI-2010 only. 

Strengths  

Diet was determined at baseline and the risk of UCC assessed prospectively, thus minimising 

the possibility of recall and selection biases. The prospective cohort study design is superior 

to the case-control design and provides more conservative estimates of the association 

between diet and cancer
17

. Our study also had lengthy and virtually complete follow-up. 

Comparison with other studies 

Only a handful of studies have examined the association between dietary scores and the risk 

of UCC. The EPIC cohort reported that the risk of bladder cancer was non-significantly 

decreased in participants with a higher MDS score
39

. Partly consistent with the finding from 

our study, an inverse association between MDS and bladder cancer was found in current, but 

not former or never smokers in the EPIC study (HR=0.66, 95% CI: 0.47-0.93 for high vs. low 

MDS for UCC overall, results for invasive disease not shown), although the evidence for 

interaction was relatively weak. A recent meta-analysis of the association between the MDS 

and cancer found only this study assessing the risk of bladder cancer
40

. Results from cohort 

studies will accumulate in the future, thus strengthening the evidence regarding the 

association between dietary scores and the risk of UCC, and potential effect modification by 

subtype. A Belgian case-control study that examined some items of the MDS concluded that 
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there were possible associations between olive oil intake and decreased risk of bladder cancer, 

and between cheese consumption and increased risk
41

. To our knowledge, the recently created 

DII and the AHEI-2010 have never been assessed regarding their association with the risk of 

UCC, only with the risk of cancer overall. In the Nurse’s Health Study and the Health 

Professional’s Follow-up Study, the AHEI-2010 showed a relatively weak association with 

overall cancer risk
25

. In the NIH-AARP cohort the AHEI-2010, alternate Mediterranean Diet, 

the Healthy Eating Index-2005 and the DASH diet score, were all inversely associated with 

all-cause, cardiovascular and cancer mortality
18

. The DII has also been found to be associated 

with increased risk of all-cause, CVD, and cancer mortality in the NHANES III Follow-up 

Study based on a single 24-hour dietary recall
42

. In these studies, cancers of different sites 

were not analysed separately and UCC would have constituted only a small proportion of 

these. 

Previous studies of specific foods or nutrients have found no strong associations with risk of 

UCC, as concluded in previous reviews
4, 7

. Three studies using the large EPIC cohort did not 

find any association for intake of fruit and vegetables
10

, diversity of fruit and vegetables
11

, or 

red meat and associated nitrosamines or haeme iron
43

. An alternative approach used by some 

authors has been to evaluate a score based on adherence to the WCRF/AICR 

recommendations for reducing cancer risk. These recommendations are specific to cancer and 

extend beyond diet to include weight management and physical activity
44

. In contrast to the 

dietary indices we have assessed, the WCRF/AICR recommendations also emphasises 

minimizing alcohol intake
7
. This is however unlikely to have strongly influenced the results 

of our study, as a recent meta-analysis found no evidence for an association between alcohol 

and UCC risk
45

. 

In this study, we chose to focus on three widely used dietary scores
17

. Many other dietary 

scores have been proposed including the Dietary Diversity Score, the Dietary Approaches to 

Stop Hypertension Score, and the Recommended Food Score
46-48

. An alternative approach 

would be to evaluate specific national guidelines, for example, relevant to our setting, the 

Australian Dietary Guidelines
38

. Because the three dietary scores we studied were only 

moderately correlated with each other, we were able to pool them to create a summary 

measure of healthy eating. This metascore appeared to be more strongly associated with 

invasive UCC risk in our study. It should be noted that none of the aforementioned dietary 

scores, or those used in our study, were specifically designed for evaluating the risk of cancer. 
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This may result in underestimation of the potential association between dietary patterns and 

risk of UCC. 

Possible mechanisms 

The MDS has been shown to be associated with reduced oxidative stress
49

, and reduced 

inflammation
50

, and the DII correlates with a range of inflammatory markers
26, 35

. The healthy 

eating index, although less correlated with the DII in our study, has also been associated with 

reduced chronic inflammation
51

. A recent systematic review concluded that inflammatory 

biomarkers are associated with poor UCC prognosis
52

 suggesting that a pro-inflammatory diet 

could accelerate the progression of tumours, and might explain why we observed trends of 

association with the risk of invasive disease only. Although we cannot rule out the possibility 

that this finding was due to an increased probability of type I error when conducting subgroup 

analyses, it also may be due to the heterogeneity of UCC, whose various subtypes are well 

recognized to be subject to divergent mechanistic pathways and clinical characteristics
53

.  

A diet consisting of a large intake of plant and limited intake of animal products, along with 

consumption of healthy fats, as indicated by the MDS and other healthy dietary patterns, not 

only provides antioxidants, key nutrients for cell differentiation and carcinogen metabolism, 

but may also optimise the pH of the urine
54

. An acidic urinary pH potentially promotes 

carcinogenic activity in the bladder compared with a more alkaline urinary pH
55

. In addition, 

consumption of olive oil, which although predominantly a monounsaturated fat resistant to 

lipid peroxidation also contains tocopherols, carotenes and essential fatty acids, may help to 

maintain the integrity of urothelial cell membranes and protect against more invasive 

disease
56

. To our knowledge, studies evaluating associations between inflammatory 

biomarkers and the risk of UCC are scarce, particularly in terms of dietary exposures. A 

recent, albeit relatively small study concluded that anti-inflammatory cytokines measured in 

urine could be a useful biomarker of bladder cancer risk
57

. 

Finally, there is some plausible biological basis for a stronger effect of the MDS in smokers. 

First, cigarette smoking lowers urinary pH levels
58

 and, among workers exposed to similar 

industrial carcinogens present in aromatic dyes, those with an acidic urine (pH <6.0) had 10-

fold higher levels of exfoliated urothelial cell DNA adduct levels
59

. Higher levels of these 

carcinogens have been detected in smokers compared with non-smokers
60

. Second, the 

Mediterranean diet may help reduce the inflammatory and DNA damaging effects of 
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smoking, which could in turn decrease the risk of cancer, as observed in other studies
61

. The 

fact that in our study, a similar risk reduction was observed in former smokers is perhaps 

more surprising but may be due to the long-term effect of these exposures, or latencies in the 

development and diagnosis of cancer.  

Implications 

Our findings of associations between different measures of healthy eating and reduced risk of 

invasive UCC are consistent with the current Australian Dietary Guidelines (ADG), which are 

overall similar to the AHEI-2010 and borrow items from the three scores we evaluated. The 

ADG promote consuming a variety of foods from the five food groups: vegetables, fruit, 

grains (mostly wholegrain), lean protein rich foods (including plant foods such as legumes, 

nuts and seeds, and low fat dairy foods). They suggest minimising intake of: foods rich in 

saturated fat (replacing them with poly- or monounsaturated fat); processed foods rich in 

sugar and salt, and alcoholic beverages. Our study adds to the evidence that a healthy diet 

might help reduce the risk of invasive urothelial cell carcinoma, for which survival is low. 

This may be particularly true for smokers. 

 

CONCLUSION 

We found evidence that healthy diets, as defined by commonly used dietary scores, were 

associated with reduced risk of invasive UCC. These associations seemed to be stronger in 

current and former smokers. Promoting healthy dietary habits might help lower the incidence 

of invasive UCC, especially in current and former smokers.  
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Table 1. Characteristics of the study participants, Melbourne Collaborative Cohort 

Study (MCCS), 1990-2012 

  
Cases (N=379) Non-cases (37,063) P

a
 

Age at baseline Median (IQR) 
61.5 [55.5-

65.8] 

54.4 [46.9-61.9] 
<0.001 

Sex Male (%) 290 (76%) 13,420 (39%) <0.001 

Country of birth Australia, NZ, UK 218 (58%) 23,390 (69%) 0.001 

 
Northern Europe 31 (8%) 2,231 (7%)  

 
Southern Europe 130 (34%) 8442 (25%)  

Education Primary school 109 (29%) 6351 (19%) 0.01 

 
Some high/ technical school 125 (33%) 12908 (38%)  

 

Completed high/technical 

school 
85 (23%) 

6991 (20%) 
 

 
Degree/ diploma 60 (16%) 7813 (23%)  

SEIFA Q1 57 (15%) 4766 (14%) 0.84 

 
Q2 89 (24%) 6928 (20%)  

 
Q3 75 (20%) 6266 (18%)  

 
Q4 68 (18%) 7109 (21%)  

 
Q5 90 (23%) 8994 (26%)  

Smoking Never 116 (31%) 20156 (59%) <0.001 

 
Former, quit ≥15 years 98 (26%) 4707 (14%)  

 Former, quit <15 years 94 (24%) 5416 (16%)  

 Current <20 cigs/day 29 (8%) 1784 (5%)  

 
Current ≥20 cigs/day 42 (11%) 2000 (6%)  

Alcohol 

consumption 
0 91 (24%) 

10797 (32%) 
<0.001 

 
1-39 g/d (M) , 1-19 g/d (F) 219 (58%) 18767 (55%)  

 
40-59 g/d (M) , 20-39 g/d (F) 41 (11%) 3015 (9%)  

 
60+ g/d (M), 40+ g/d (F) 28 (7%) 1480 (4%)  

NSAIDs None 285 (81%) 26803 (79%) 0.85 

 Aspirin only 47 (11%) 4084 (12%)  

 Other NSAID only 40 (7%) 2592 (8%)  

 Both aspirin and other NSAID 7 (2%) 584 (2%)  

Physical activity 

score 
Median (IQR) 4.0 [0.0-5.5] 

4.0 [1.5-5.5] 
0.19 

BMI Median (IQR) 
26.9 [24.6-

29.8] 

26.2 [23.7-29.1] 
0.10 

AHEI-2010 Median (IQR) 
62.5[54.5-

70.5] 

64.5 [57.0-72.0] 
0.001 

MDS Median (IQR) 5 [4-6] 5 [4-6] 0.91 

DII Median (IQR) 
-0.84 [-2.05-

0.61] 

-0.98[-2.14-0.40] 
0.04 

Tumour subtype Invasive 165 (44%)   

 
Superficial 214 (56%)   

Age at diagnosis Median (IQR) 
73.8 [66.6-

78.0] 
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IQR = interquartile range, SEIFA: Socio-Economic Indexes for Areas, NSAIDs: Nonsteroidal anti-

inflammatory drugs, BMI: body-mass index (in kg/m2), AHEI-2010: Alternate Healthy Eating Index 

2010, MDS: Mediterranean Diet Score, DII: Dietary inflammatory Index 

a p-values from likelihood ratio tests comparing age-adjusted Cox models with and without the 

variable (except for the variable age, for which a Wilcoxon signed-rank test was used)
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Table 2. HR estimates and 95% CI for the association between dietary scores and the risk of UCC, by subtype, Melbourne Collaborative 

Cohort Study (MCCS), 1990-2012 

    All cases Superficial Invasive 
 

    
N 

cases 
HR

a
 95% CI p 

N 

cases 
HR

a
 95% CI p 

N 

cases 
HR

a
 95% CI p phet

b
 

MDS 

Q1 (unhealthy) 83 1 (ref) - - 42 1 (ref) - - 41 1 (ref) - - 
 

Q2 81 1.04 0.76 1.41 0.82 44 1.08 0.73-1.71 0.61 37 0.95 0.61-1.49 0.83 
 

Q3 82 0.87 0.64 1.19 0.39 47 0.99 0.65-1.51 0.98 35 0.75 0.47-1.18 0.21 
 

Q4 73 0.92 0.66 1.27 0.61 44 1.10 0.72-1.70 0.64 29 0.73 0.45-1.17 0.20 
 

Q5 (healthy) 60 0.89 0.62 1.26 0.50 37 1.10 0.69-1.73 0.69 23 0.67 0.46-1.14 0.14 
 

Continuous, per 1 SD  0.97 0.87 1.07 0.52  1.06 0.92-1.21 0.44  0.86 0.74-1.00 0.06 0.04 

DII 

Q1 (anti-inflammatory) 74 1 (ref) - - 41 1 (ref) - - 33 1 (ref) - - 
 

Q2 71 1.00 0.72 1.39 0.98 39 0.97 0.52-1.21 0.91 32 1.04 0.64-1.69 0.87 
 

Q3 69 0.96 0.69 1.34 0.83 46 1.15 0.75-1.76 0.52 23 0.73 0.42-1.24 0.24 
 

Q4 72 0.98 0.71 1.37 0.92 42 1.01 0.65-1.56 0.98 30 0.94 0.57-1.55 0.80 
 

Q5 (pro-inflammatory) 93 1.24 0.90 1.70 0.19 46 1.10 0.72-1.70 0.65 47 1.46 0.91-2.31 0.11 
 

Continuous, per 1 SD  1.07 0.97 1.19 0.18  1.05 0.92-1.20 0.47  1.10 0.95-1.28 0.20 0.61 

AHEI-

2010 

Q1 (unhealthy) 104 1 (ref) - - 54 1 (ref) - - 50 1 (ref) - - 
 

Q2 82 0.89 0.66 1.19 0.43 38 0.80 0.49-1.14 0.29 44 0.98 0.65-1.48 0.94 
 

Q3 66 0.93 0.68 1.29 0.68 40 1.10 0.72-1.67 0.65 26 0.76 0.47-1.22 0.26 
 

Q4 61 0.82 0.61 1.18 0.34 38 1.03 0.67-1.58 0.89 23 0.66 0.40-1.09 0.10 
 

Q5 (healthy) 66 1.02 0.73 1.43 0.89 44 1.33 0.87-2.02 0.19 22 0.70 0.42-1.18 0.18 
 

Continuous, per 1 SD  1.04 0.93 1.16 0.54  1.17 1.01-1.34 0.03  0.88 0.75-1.04 0.13 0.006 

Metascore 

Q1 (unhealthy) 115 1 (ref) - - 62 1 (ref) - - 57 1 (ref) - - 
 

Q2  68 0.82 0.61 1.11 0.20 35 0.82 0.54-1.24 0.34 33 0.83 0.54-1.27 0.38 
 

Q3 81 0.96 0.72 1.28 0.79 45 1.03 0.70-1.52 0.88 36 0.88 0.58-1.35 0.56 
 

Q4 55 0.73 0.53 1.02 0.06 37 0.96 0.63-1.45 0.83 18 0.49 0.29-0.84 0.01 
 

Q5 (healthy) 56 0.98 0.70 1.36 0.89 35 1.18 0.77-1.81 0.44 21 0.75 0.45-1.26 0.27 
 

Continuous, per 1 SD  0.95 0.85 1.06 0.35  1.05 0.91-1.20 0.52  0.84 0.71-0.98 0.03 0.03 

MDS: Mediterranean diet score, DII: Dietary inflammatory index, AHEI-2010: Alternate Healthy Eating Index 2010 

a
Models were adjusted for sex, country of birth, smoking, alcohol consumption, body mass index physical activity, education, and socioeconomic status 

bphet: p-value for heterogeneity of the association between dietary score and risk of UCC by subtype (i.e. invasive vs. superficial) 
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Table 3. HR estimates (per 1 SD increase) and 95% CI of the risk of invasive UCC for dietary scores by smoking, alcohol, and sex, 

Melbourne Collaborative Cohort Study (MCCS), 1990-2012 

  Smoking   Alcohol intake   Sex 

    HR
1
 95% CI Pint     HR 95% CI Pint     HR 95% CI Pint 

 
Never  1.01 0.81-1.26  

 
Low  0.82 0.64-1.05  

 
Male 0.85 0.72-1.00 0.80 

MDS Current 0.82 0.63-1.05 0.12 
 

Medium 0.88 0.74-1.05 0.86 
 

Female 0.88 0.69-1.11  

 
Former 0.80 0.67-0.95  

 
High 0.85 0.65-1.10    

   

  Never  0.98 0.79-1.22    Low  1.26 1.01-1.57    Male 1.09 0.93-1.28 0.70 

DII Current 1.17 0.92-1.49 0.33 
 

Medium 1.08 0.91-1.29 0.21 
 

Female 1.14 0.91-1.45  

  Former 1.16 0.96-1.38    High 0.98 0.75-1.26         

 
Never  1.04 0.83-1.31  

 
Low  0.85 0.67-1.08  

 
Male 0.88 0.75-1.04 0.98 

AHEI-2010 Current 0.81 0.62-1.05 0.11 
 

Medium 0.88 0.73-1.06 0.88 
 

Female 0.88 0.68-1.13  

 
Former 0.83 0.69-0.99  

 
High 0.93 0.71-1.21  

  
   

  Never  1.01 0.81-1.26    Low  0.77 0.61-0.98    Male 0.83 0.71-0.98 0.96 

Metascore Current 0.77 0.58-1.01 0.05 
 

Medium 0.83 0.70-1.00 0.52 
 

Female 0.84 0.66-1.07  

  Former 0.77 0.64-0.92    High 0.94 0.71-1.24         

 

Pint: p-value for interaction between dietary scores and relevant variables on the risk of invasive UCC. 
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Figure 1. Correlation between Mediterranean Diet Score (MDS), Alternate Health Eating Index-2010 (AHEI-2010), and Dietary 

Inflammatory Index (DII), Melbourne Collaborative Cohort Study (MCCS), 1990-2012 

 

 

Legend: Boxplots and Spearman correlations between dietary scores. The AHEI was divided into deciles for graphical representation. 
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Supplementary Table. Summary of the components of the three dietary scores, 

Melbourne Collaborative Cohort Study (MCCS), 1990-2012 

Component AHEI MDS DII* 

 Criteria for 

min score 

Criteria for 

max score 

Criteria for 

min score 

Criteria for 

max score 

Overall 

inflammatory 

effect score 

Whole grains 0 g/day >90 & >75 

g/day (men & 

women) 

   

Total grains   <median ≥ median  

Fibre     -0.663 

Carbohydrate     0.097 

Vegetables excl 

potatoes 

0 

serving/day 

>5 

servings/day 

<median ≥ median  

Total fruit 0 

serving/day 

>4 

servings/day 

<median ≥ median  

ββββ-carotene     -0.584 

Vitamin C     -0.424 

Nuts and 

legumes 

0 

serving/day 

>1 

servings/day 

<median ≥ median  

Fish   <median ≥ median  

Dairy products   >median ≤ median  

Trans fat >4% of total 

energy 

<0.5% of total 

energy 

  0.229 

EPA+DHA 0 mg/d 250 mg/d    

n-3 PUFAS     -0.436 

n-6 PUFAS     -0.159 

Total PUFAs <2% of 

energy 

>10% of 

energy 

  -0.337 

Total MUFAS     -0.009 

Total SFA     0.373 

Olive Oil   <median ≥ median  

Total fat     0.298 
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Alcohol >3.5 &>2.5 

drinks/day 

(men & 

women) 

0.5-2 &0.5-

1.5 drinks/day 

(men & 

women) 

<10 & >50 

or <5 & > 15 

g/day  (men 

& women) 

10-49 or 5-

24 g/day 

(men & 

women) 

-0.278 

Red and 

processed meat 

>1.5 

serving/day 

0 servings/day >median ≤ median  

Protein     0.021 

Cholesterol     0.110 

Sugar 

sweetened 

beverages and 

fruit juices 

>1 

serving/day 

0 serving/day    

Sodium Highest 

decile 

Lowest decile    

Energy     0.180 

 

* The DII is calculated by assigning scores to different foods and nutrients.  Positive scores 

are pro-inflammatory and negative scores anti-inflammatory.  The size of the score indicates 

the relative contribution to the overall score.  There are other items included in the DII but 

here we show those that relate to the food based scores of the AHEI-2010 and the MDS. The 

layout is such that nutrients from the DII are grouped with major food sources so that fibre 

and carbohydrates are likely to come from whole grains and all grains respectively, β-

carotene and vitamin C will come from fruit and vegetables, protein and cholesterol from 

meats.  This does not give the complete DII but helps compare against the other scores. 
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Figure 1. Correlation between Mediterranean Diet Score (MDS), Alternate Health Eating Index-2010 (AHEI-
2010), and Dietary Inflammatory Index (DII), Melbourne Collaborative Cohort Study (MCCS), 1990-2012 

 
Legend: Boxplots and Spearman correlations between dietary scores. The AHEI was divided into deciles for 

graphical representation.  
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