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Background—Renal cell carcinoma (RCC) accounts for more than 80% of kidney cancers in 

adults and obesity is a known risk factor. Regular consumption of sweetened beverages has been 

linked to obesity and several chronic diseases including some types of cancer. It is uncertain 

whether soft drink and juice consumption is associated with risk of RCC.

We investigated the associations of soft drink and juice consumption with RCC incidence and 

mortality in the European Prospective Investigation into Cancer and Nutrition (EPIC).

Methods—389,220 EPIC participants with median age 52 years at recruitment (1991-2000) were 

included. Cox regression yielded adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) 

for RCC incidence and mortality in relation to intakes of juices and total, sugar-sweetened, and 

artificially-sweetened soft drinks.

Results—888 incident RCCs and 356 RCC deaths were identified. In models including 

adjustment for body mass index and energy intake, there was no higher risk of incident RCC 

associated with consumption of juices (HR per 100 g/day increment=1.03, 95% CI 0.97-1.09), 

total soft drinks (HR=1.01, 0.98-1.05), sugar-sweetened soft drinks (HR=0.99, 0.94-1.05), or 

artificially-sweetened soft drinks (HR=1.02, 0.96-1.08). In these fully-adjusted models, none of 

the beverages were associated with RCC mortality (HR, 95% CI per 100 g/day increment 1.06, 

0.97-1.16; 1.03, 0.98-1.09; 0.97, 0.89-1.07; and 1.06, 0.99-1.14, respectively).

Conclusions—Consumption of juices or soft drinks was not associated with RCC incidence or 

mortality after adjusting for obesity.

Impact—Soft drink and juice intakes are unlikely to play an independent role in RCC 

development or mortality.

Keywords

sweetened beverages; soft drinks; juice; kidney cancer; renal cell carcinoma

Introduction

Consumption of sweet beverages such as soft drinks and juices has been rising worldwide 

(1). These beverages contribute to adiposity (1, 2) and contain additives and chemical 

contaminants from food packaging that might have carcinogenic properties (3). Sweetened 

beverage consumption has been suggested to be associated with the incidence of obesity-

related cancers such as kidney cancer, but results from epidemiological studies are 

inconclusive (4–6), and kidney cancer mortality remains unexplored.

We investigated soft drink and juice consumption in relation to renal cell carcinoma (RCC) 

incidence and mortality in the European Prospective Investigation into Cancer and Nutrition 

(EPIC).

Materials and Methods

Participants

EPIC is a prospective cohort study of >520,000 participants aged 30-70 years, recruited 

between 1991-2000 in 10 European countries. At recruitment, data on diet, lifestyle, medical 
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history, anthropometric measurements and blood samples were collected (7). All participants 

provided written informed consent and the study was approved by the ethics committees of 

the International Agency for Research on Cancer (IARC) and each participating centre.

Soft drink and juice consumption

Baseline soft drink and juice consumption was mostly assessed by diet questionnaires 

covering the past year (7). Total soft drinks combined carbonated/soft/isotonic drinks and 

diluted syrups, and was subdivided into sugar-sweetened and artificially-sweetened soft 

drinks. Types of soft drinks were unmeasured in Italy, Spain, and Umeå (Sweden), and these 

centres were excluded from this part of the analyses. Juices comprised fruit and vegetable 

juices and nectars.

Ascertainment of cases

Cancer cases and deaths were ascertained through linkage to population registries or active 

follow-up, depending on the study centre. RCC was defined as ICD-10 C64. Participants 

were followed from recruitment until date of first invasive cancer diagnosis (for RCC 

incidence analyses), death, emigration, or end of follow-up, whichever occurred first.

Statistical analysis

Multivariable Cox regression models with age as the timescale were used to estimate hazard 

ratios (HRs) and 95% confidence intervals (CIs) for RCC incidence and mortality in relation 

to intakes of juices and total, sugar-sweetened, and artificially-sweetened soft drinks 

modelled continuously (per 100g/day increment) and as 3-knot restricted cubic splines. 

Models were stratified by sex and country and adjusted for age at recruitment, education, 

smoking status, alcohol consumption, physical activity, juice intake (for soft drink analyses), 

and total soft drink intake (for juice analyses). Models for sugar-sweetened and artificially-

sweetened soft drinks were mutually adjusted. Separate models additionally adjusted for 

body mass index (BMI) and total energy intake. Interactions with sex were evaluated with 

likelihood ratio tests. Sensitivity analyses were performed additionally adjusting for fruit and 

vegetable intake, excluding the first two years of follow-up, and excluding participants with 

self-reported diabetes at baseline. All analyses were conducted using Stata 13.1 (StataCorp, 

USA).

Results

389,220 participants with complete data were included, in whom 888 incident RCCs and 

356 RCC deaths occurred during a mean follow-up of 15 years for incidence and 16 years 

for mortality (range 0–22.8). Table 1 displays characteristics of participants.

Intakes of juices and total, sugar-sweetened, or artificially-sweetened soft drinks were not 

associated with RCC incidence (Table 2). Total and artificially-sweetened soft drinks were 

positively associated with RCC mortality in models unadjusted for BMI and energy intake, 

but not after adjustment. Juice consumption was positively associated with RCC mortality in 

women, even after adjustment for BMI and energy intake (HR per 100 g/day 

increment=1.17, 95% CI 1.05-1.29, P interaction by sex=0.02). There was no strong evidence 
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of non-linearity of associations (Supplementary Figures S1 and S2), and in fully-adjusted 

models HRs (95% CIs) for 400 g/day compared with no intake of juices, total soft drinks, 

sugar-sweetened soft drinks, and artificially-sweetened soft drinks were 1.06 (0.85-1.34), 

1.13 (0.93-1.38), 1.00 (0.77-1.29), and 1.21 (0.91-1.61) respectively for RCC incidence, and 

1.25 (0.87-1.79), 1.01 (0.75-1.37), 0.86 (0.59-1.27), and 1.38 (0.93-2.05) for RCC mortality 

(Supplementary Table S1). Results were similar in sensitivity analyses (Supplementary 

Tables S2, S3, and S4).

Discussion

In this prospective European study, intakes of juices or soft drinks were not associated with 

RCC incidence or mortality independent of obesity.

The absence of clear associations between consumption of juices and RCC risk in EPIC is 

consistent with other prospective studies (4, 8). The higher RCC mortality associated with 

higher juice intake in women is not interpretable and could be a chance finding.

The lack of association between soft drink consumption and RCC mortality aligns with 

previous EPIC findings showing no association between soft drink consumption and overall 

cancer mortality, despite a strong association with all-cause mortality (9). A meta-analysis 

did not identify associations between soft drink consumption and several cancer types, 

including kidney cancer (5), and other prospective studies investigating RCC/kidney cancer 

similarly have not found clear associations (4, 6).

Strengths of this study include its prospective design in European populations with different 

food and beverage habits, long follow-up time, many RCC cases, and detailed personal and 

lifestyle information which enabled control for multiple covariates. Limitations include the 

single assessment of diet at baseline, incomplete data on soft drink types in some countries, 

and inability to distinguish between juice types (fruit/vegetable/nectars/added sugars). Since 

few participants had very high intakes of these beverages, we cannot rule out the possibility 

that higher consumption levels might be associated with RCC.

In conclusion, in this large European prospective cohort study, consumption of soft drinks or 

juices was not associated with RCC incidence or mortality independent of obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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