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Background & aims: Tea has been shown to be associated with reduced risk of several diseases including
cardiovascular diseases, stroke, metabolic syndrome, and obesity. However, the results on the relation-
ship between tea consumption and bladder cancer are conflicting. This research aimed to assess the
association between tea consumption and risk of bladder cancer using a pooled analysis of prospective
cohort data.
Methods: Individual data from 532,949 participants in 12 cohort studies, were pooled for analyses. Cox
regression models stratified by study centre was used to estimate hazard ratios (HR) and corresponding
95% CIs. Fractional polynomial regression models were used to examine the doseeresponse relationship.
Results: A higher level of tea consumption was associated with lower risk of bladder cancer incidence
(compared with no tea consumption: HR ¼ 0.87, 95% C.I. ¼ 0.77e0.98 for low consumption; HR ¼ 0.86,
95% C.I. ¼ 0.77e0.96 for moderate consumption; HR ¼ 0.84, 95% C.I. ¼ 0.75e0.95 for high consumption).
When stratified by sex and smoking status, this reduced risk was statistically significant among men and
current and former smokers. In addition, doseeresponse analyses showed a lower bladder cancer risk
with increment of 100 ml of tea consumption per day (HR-increment ¼ 0.97; 95% CI ¼ 0.96e0.98). A
similar inverse association was found among males, current and former smokers while never smokers
and females showed non-significant results, suggesting potential sex-dependent effect.
Conclusions: Higher consumption of tea is associated with reduced risk of bladder cancer with potential
interaction with sex and smoking status. Further studies are needed to clarify the mechanisms for a
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protective effect of tea (e.g. inhibition of the survival and proliferation of cancer cells and anti-
inflammatory mechanisms) and its interaction with smoking and sex.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Bladder cancer is a common cancer worldwide accounting for
an estimated 550,000 new cases and 200,000 deaths each year [1].
The disease has a wide variation between geographical regions
and is more common in men where the lifetime risk of bladder
cancer is 1.1% compared to 0.27% among women [1]. The highest
incidence rate of bladder cancer is observed in Europe and North
America (age-standardized incidence rate per 100,000 [ASR] is
around 20 and 4.6 for males and females, respectively) in addition
to some other countries like Egypt (ASR 22.5 and 5.2 for males and
females, respectively) and Turkey (ASR 22.9 and 3.1 for males and
females, respectively) [2]. In contrast, geographical regions like
South-East and Central Asia, Latin America and Africa have much
lower rates (ASR ranges from 3.2 to 7.2 for males and 0.73 to 2.3
for females) [2]. In addition to the differences in the access to care
and diagnostic facilities, the large worldwide variation in the
incidence of bladder cancer is mainly due to differences in pop-
ulation exposure to the disease risk factors. Various risk factors
are associated with the risk of bladder cancer including genetic
and environmental exposures (estimated to explain 7% and 81% of
bladder cancer cases, respectively) [3] with tobacco smoking be-
ing by far the most important risk factor [4]. Other important risk
factors identified in the Continuous Update Project (CUP) of the
World Cancer Research Fund (WCRF) include older age, male sex,
exposure to benzene and aromatic amines, arsenic in drinking
water, and chronic infections such as schistosomiasis [5,6]. Con-
sumption of fruits and vegetables may reduce the risk according
to pooled analyses [6e8]. Gene-environment interaction also
plays a role in the risk of bladder cancer [9]. Therefore, for the
prevention of bladder cancer, it is of paramount importance to
identify modifiable risk factors especially those factors with high
prevalence of exposure among populations.

Tea (Camellia sinensis) is one of the most widely consumed
beverages worldwide. Several studies showed that tea consump-
tion was associated with reduced risk of cardiovascular disease
events and mortality [10], stroke, metabolic syndrome [11], and
obesity [12]. An umbrella review by Kim et al. [13] concluded there
is convincing evidence that tea consumption is associated with
reduced risk of oral cancer. Various substances in the tea were
hypothesized to be responsible for its healthy effects [14]. The most
suggested component is polyphenols such as catechins [15] which
are at least partially responsible for the anti-inflammatory and
antioxidant activities that tea exhibits. These characteristics may
also be responsible for an anticancer effects of tea [15].

Numerous studies have been conducted to assess the relation-
ship between tea consumption and bladder cancer [16e18]. How-
ever, the results of epidemiological studies are conflicting, and no
definite conclusion could be established. For example, an analysis
of prospective cohort data in Finland found a marginally statisti-
cally significant inverse association between tea and bladder cancer
[16], while another cohort study in the United States found no as-
sociation [18]. In their 2018 report, the World Cancer Research
Fund/American Institute for Cancer Research (WCRF/AICR)
concluded that there is limited evidence that tea reduces bladder
cancer, and more research is needed [19].
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Therefore, the current study aims to investigate the association
between tea consumption and bladder cancer using a pooled
analysis of cohort studies. Secondary aims include stratified anal-
ysis by sex and smoking status, stratified analysis according to
bladder cancer stage groups, and doseeresponse analysis.

2. Methods

2.1. Study population

The BLadder cancer Epidemiology and Nutritional Determinants
study (BLEND) is an international consortium formed to investigate
the effect of dietary factors on the risk of bladder cancer develop-
ment by pooling and standardizing data from world-wide epide-
miological studies [20]. In the present study, cohort studies from
BLENDwere included if they provided data on tea consumption and
covariates of interest. Out of the 15 cohort studies in BLEND, 12
studies satisfied the inclusion criteria; the 12 included studies were
conducted in Denmark [21], France [22], Germany [23], Italy [24],
Spain [25], Sweden [25], the Netherlands [26,27], the United
Kingdom [28,29], the United States [30], and Japan [31]. These
studies represent the European Prospective Investigation into
Cancer and Nutrition cohort study (EPIC) [25], the NetherLands
Cohort Study on diet and cancer (NLCS) [27], the VITamins And
Lifestyle cohort study (VITAL) [30], and the Radiation Effects
Research Foundation (RERF) atomic bomb survivors Study [31].
Studies have been approved by their corresponding local research
ethic committees.

2.2. Data collection and assessment

The methodology of the BLEND consortium has been described
in detail elsewhere [20]. Briefly, the BLEND data involved study
characteristics (geographical location, design, assessment method
and subject status), participant characteristics (age, sex, and
ethnicity), disease characteristics (stage and metastasis), smoking
status including duration and intensity (duration of smoking and
number of cigarettes), and dietary measurements. Dietary intake
was assessed in each of the included studies using a validated food
frequency questionnaire. Subsequently when included in BLEND,
the consumption of dietary items was then standardised across
studies by using the Eurocode 2 food coding system [32]. In the
present study, tea consumption was defined as consuming drinks
based on tea tree leaves and thus excluding herbal tea and other
infusions. Ten studies reported tea consumption in millilitres while
2 studies reported consumption in cups. Tea consumption data
were harmonized by converting reported cups consumption into
millilitres using the appropriate cup size in each setting (1
cup ¼ 237 ml in the United States and 1 cup ¼ 150 ml in other
countries) and the daily tea consumption in millilitres was
computed for every participant.

Incident first bladder cancers in each study were ascertained
based on the International Classification of Diseases (code C67)
using population-based cancer registries, health insurance records,
or medical records. The term bladder cancer is used for all urinary
bladder neoplasms.
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2.3. Statistical analyses

Baseline characteristics of cases and non-cases were compared
between different levels of tea consumption using t-test for
continuous variables and chi-square for categorical variables. Cox
proportional hazard regression analysis, stratified by study centre,
was used to estimate hazard ratios (HRs) and 95% confidence in-
tervals (95% C.I.) for the association between tea consumption and
bladder cancer risk. Proportional hazard assumption was tested
based on Schoenfeld residuals after fitting cox model [33]. We
tested linearity by including linear and quadratic terms in the
models followed by a likelihood ratio test. The daily tea con-
sumption was divided based on tertile in the pooled data (i.e.,
across all studies) into four categories: never consumption group,
low consumption group (tertile 1), medium consumption group
(tertile 2), and high consumption group (tertile 3). Never con-
sumption group was used as the reference group. Cox regression
models was employed as model A (crude model); Model B adjusted
for age at recruitment (continuous), sex, smoking and energy intake
(kcal/d; continuous); and model C adjusted for age at recruitment
(continuous), sex, ethnicity, smoking, energy intake, fruit (g/d;
continuous), vegetables (g/d; continuous), coffee (mL/d; contin-
uous), juice (mL/d; continuous), and alcohol (mL/d; continuous).
Smoking was defined as follows: never smokers; current light
smokers (i.e., smoking <20 pack-years); current heavy smokers
(i.e., smoking >20 pack-years); former light smokers; former heavy
smokers; current smokers (no information on pack-years); and
former smokers (no information on pack-years). TheWald-test was
used to test for the presence of interaction between tea con-
sumption and sex and smoking, and p-interaction < 0.05 was
considered statistically significant. Based on the knowledge that
some risk factors may have different effect on different bladder
cancer stage groups [34,35] (i.e., non-muscle invasive bladder
cancer (NMIBC) and muscle-invasive bladder cancer (MIBC)),
additional subgroup analyses were performed on bladder cancer
stage groups. Multiple imputation procedures using data
augmentation algorithm, were utilized to accommodate variables
with missing values. The convergence of imputation models was
assessed visually using trace plots. Only subjects with complete
data on the outcome, sex, age, smoking status, and tea intake were
included in the analysis. The overall proportion of missing data was
0.03% for vegetables intake, 1.23% for juice and energy intake, and
4.76% for fruits intake.

In a secondary analysis, we analysed the doseeresponse rela-
tionship between hazard ratios of bladder cancer and tea con-
sumption for every 100 ml increment (up to 1000 ml) using
fractional polynomial regression. Based on the results of the main
analysis, results for doseeresponse analyses were presented with
stratification by sex and smoking status (current smokers, former
smokers, and never smokers). P-value of less than 0.05 was
considered statistically significant. Statistical analyses were con-
ducted using Stata version 14 (Stata Corporation, Texas, USA).

We also conducted sensitivity analyses: a) we excluded cases of
bladder cancer diagnosed within the first two years of follow-up; b)
we separately assessed the association between tea and bladder
cancer in each participating cohort and then combined estimates in
a meta-analysis using a random-effect model.

3. Results

3.1. Baseline characteristics

Our study population included pooled data from 12 cohorts
with 532,949 participants and a total of 5,751,888 person years.
During the follow up period (median 11.44 years), 2915 incident
1124
bladder cancer cases (1094 NMIBC and 656 MIBC) were detected.
Among participants, 67.8% were females, 91.8% Caucasian, and the
mean age was 52.5 years with a range of 19.3e98.5 years. The
baseline characteristics of the study participants are presented in
Table 1. Around one third of all subjects were never tea drinkers.
Interestingly, 40.8% of the current smokers were never tea drinkers
compared to former and never smokers (30.9% and 29.7%
respectively).

3.2. Association between tea consumption and bladder cancer risk

A higher level of tea consumption was associated with lower risk
of bladder cancer (Table 2). Compared with no tea consumption, all
levels of tea consumption had statistically significant inverse
association with bladder cancer (Model C: HR ¼ 0.87, 95%
C.I. ¼ 0.77e0.98 for low consumption; HR ¼ 0.86, 95%
C.I. ¼ 0.77e0.96 for moderate consumption; HR ¼ 0.84, 95%
C.I.¼ 0.75e0.95 for high consumption). A significant interactionwas
observed between tea consumption and smoking (p-
interaction ¼ 0.006). No other interaction terms showed to be rele-
vant. When stratifying by sex, a similar inverse association for tea
consumption was noted among males (Model C: HR ¼ 0.84, 95%
C.I. ¼ 0.73e0.96 for low consumption; HR ¼ 0.85, 95%
C.I. ¼ 0.75e0.96 for moderate consumption; HR ¼ 0.86, 95%
C.I.¼ 0.75e0.98 for high consumption), while the inverse association
in the crude model among females became statistically non-
significant in the fully adjusted model (Model C: HR ¼ 0.96, 95%
C.I.¼ 0.76e1.22 for low consumption; HR¼ 0.88, 95% C.I.¼ 0.70e1.11
for moderate consumption; HR ¼ 0.79, 95% C.I. ¼ 0.61e1.02 for high
consumption). Interestingly, there was a statistically significant
reduced bladder cancer risk with all levels of tea consumption
among current (Model C: HR ¼ 0.81, 95% C.I. ¼ 0.67e0.98 for low
consumption; HR ¼ 0.82, 95% C.I. ¼ 0.70e0.97 for moderate con-
sumption; HR ¼ 0.79, 95% C.I. ¼ 0.65e0.96 for high consumption)
and former smokers (Model C: HR ¼ 0.83, 95% C.I. ¼ 0.68e1.00 for
low consumption; HR ¼ 0.78, 95% C.I. ¼ 0.66e0.93 for moderate
consumption; HR¼ 0.81, 95% C.I.¼ 0.67e0.98 for high consumption)
but not among never-smokers.

Stratified results for bladder cancer stage groups (i.e., NMIBC
and MIBC) showed the high tea consumptionwas associated with a
reduced overall MIBC risk, although it was not statistically signifi-
cant in the fully adjusted model (HR ¼ 0.80, 95% C.I. ¼ 0.63e1.03).
Similar results for MIBC risk were shown for males (HR ¼ 0.81, 95%
C.I. ¼ 0.62e1.06), and former smokers (HR ¼ 0.71, 95%
C.I. ¼ 0.48e1.05) in the fully adjusted model (Model C). Although
the estimates of HRs showed the same pattern in patients with
NMIBC, the associations were not statistically significant (Table 3).

3.3. Doseeresponse analysis

Results of our doseeresponse analyses are shown in Fig. 1.
Overall, an increment of 100 ml of tea consumption per day was
associated with a lower bladder cancer risk (HR-increment ¼ 0.97;
95% CI ¼ 0.96e0.98). A similar inverse association was found
among males (HR-increment ¼ 0.97; 95% CI ¼ 0.95e0.98), and cur-
rent- and former smokers (HR-increment ¼ 0.96; 95% CI¼ 0.94e0.98;
HR-increment ¼ 0.95; 95% CI ¼ 0.94e0.97, respectively), while
females (HR-increment ¼ 0.97; 95% CI ¼ 0.95e1.00) and never
smokers showed non-significant results (HR-increment ¼ 1.00; 95%
CI ¼ 0.98e1.03).

In sensitivity analyses, similar estimates and trends were
observed after excluding cases of bladder cancer diagnosed within
the first two years of follow-up (Supplementary Table S1). A few
categories such as low consumption category in the overall cohort
becomes marginally statistically non-significant. Furthermore, the



Table 1
Baseline characteristics of individuals included in the pooled analysis by categories of tea consumption.a

Characteristics Tertiles of tea consumption Overall p-value p-value for
interaction

No consumption Low Medium High

No. % No. % No. % No. % No. %

Total 172677 32.4 121687 22.83 118510 22.24 120075 22.53 532949 100
Non-case 171790 32.41 121216 22.87 117643 22.2 119385 22.52 530034 100 <0.001
Case 887 30.43 471 16.16 867 29.74 690 23.67 2915 100

Sex 0.235
Male
Non-case 52029 30.68 45162 26.63 37746 22.26 34649 20.43 169586 100 <0.001
Case 696 31.8 331 15.12 655 29.92 507 23.16 2189 100
Total 52725 30.69 45493 26.48 38401 22.36 35156 20.47 171775 100

Female
Non-case 119761 33.23 76054 21.1 79897 22.17 84736 23.51 360448 100 <0.001
Case 191 26.31 140 19.28 212 29.2 183 25.21 726 100
Total 119952 33.21 76194 21.1 80109 22.18 84919 23.51 361174 100

Smoking status 0.006
Current smokers
Non-case 45584 40.86 26710 23.94 21747 19.49 17516 15.7 111557 100 <0.001
Case 429 37.11 184 15.92 332 28.72 211 18.25 1156 100
Total 46013 40.82 26894 23.86 22079 19.59 17727 15.73 112713 100

Former smokers
Non-case 48583 30.93 35144 22.37 34518 21.97 38845 24.73 157090 100 <0.001
Case 345 28.73 177 14.74 354 29.48 325 27.06 1201 100
Total 48928 30.91 35321 22.31 34872 22.03 39170 24.75 158291 100

Never smokers
Non-case 77623 29.7 59362 22.71 61378 23.48 63024 24.11 261387 100 <0.001
Case 113 20.25 110 19.71 181 32.44 154 27.6 558 100
Total 77736 29.68 59472 22.7 61559 23.5 63178 24.12 261945 100

Ethnicity 0.816
Caucasian
Non-case 170574 32.83 117983 22.71 112118 21.58 118819 22.87 519494 100 <0.001
Case 881 30.81 448 15.67 841 29.42 689 24.1 2859 100
Total 171455 32.82 118431 22.67 112959 21.63 119508 22.88 522353 100

Non-Caucasian
Non-case 1114 10.86 3156 30.75 5451 53.12 541 5.27 10262 100 0.214
Case 4 7.41 23 42.59 26 48.15 1 1.85 54 100
Total 1118 10.84 3179 30.82 5477 53.09 542 5.25 10316 100

Age years (Mean [SD]) 0.347
Non-case 52.79 8.44 51.48 10.56 52.69 10.55 52.7 11.53 52.45 10.17 <0.001
Case 59.72 7.54 58.7 8.21 60.81 6.8 62.22 7.24 60.47 7.47
Total 52.83 8.45 51.51 10.56 52.75 10.55 52.75 11.53 52.49 10.18

Fruit g/day (Mean [SD])
Non-case 114.99 115.83 113.08 114.35 110.24 99.21 115.11 100.88 113.5 108.6 0.448
Case 105.09 107.67 85.18 92.1 126.73 110.43 120.19 102.58 111.96 105.89
Total 114.93 115.79 112.97 114.29 110.36 99.3 115.14 100.89 113.49 108.58

Vegetables g/day (Mean [SD])
Non-case 178.57 126.71 164.95 125.68 165.63 119.61 223.77 140.83 182.77 130.31 <0.001
Case 180.72 150.88 127.61 95.80 221.88 135.40 243.34 128.37 199.21 138.90
Total 178.58 126.85 164.81 125.60 166.04 119.82 223.88 140.77 182.86 130.36

Alcohol g/day (Mean [SD])
Non-case 9.99 17.15 10.36 15.48 8.83 13.55 9.26 13.73 9.66 15.29 <0.001
Case 15.47 21.07 13.4 18.89 12.83 17.62 10.97 15.17 13.29 18.49
Total 10.02 17.17 10.38 15.5 8.86 13.59 9.27 13.74 9.68 15.31

a The categories of tea consumption were based on tertiles; P-value was calculated using t-test for quantitative variables (cases vs non-cases) and Chi square test for
categorical variables; p-value for interaction is from Wald test.
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meta-analysis provided similar inverse association between tea
consumption and bladder cancer (HR-model c; high consumption ¼ 0.83,
95% CI ¼ 0.73e0.95; I2 ¼ 0.0%). In the meta-analysis, two
studies had statistically significant estimates (RERF and NLCS
studies) while EPIC-Sweden had marginally significant results
((HR-model c; high consumption ¼ 0.63, 95% CI ¼ 0.40e0.998). All studies
except three had reduced risk estimates (Supplementary Fig. 1).

4. Discussion

The present pooled analysis of 12 cohort studies showed a sta-
tistically significant reduced bladder cancer risk associated with tea
consumption in the overall population. A similar inverse associa-
tion was shown for males and current- and former smokers, while
1125
no evidence of association was observed for females and never
smokers.

While our findings of a reduced bladder cancer risk with higher
tea consumption are in line with some previous caseecontrol [36]
and cohort [17] studies (the cohort study included in the current
pooled analysis), some meta-analyses failed to show a significant
association between tea consumption and bladder cancer [13]. A
recent meta-analysis by Zhao et al. [37] included five cohort studies
and found a statistically significant 5% reduction in bladder cancer
risk for each 1 cup increment of tea consumption, while no sig-
nificant reduced risk could be observed by comparing the highest
vs lowest tea consumption. One possible explanation for this
observed null finding is the high variation in defining the categories
of tea consumption between the included primary studies. For



Table 2
Pooled hazard ratios and 95% confidence intervals for the association between bladder cancer and tea consumption by sex and smoking status.

Cases/Total Tertiles of tea consumptiona P-value for trend

Never Low Medium High

Overall Model A 2915/532949 Ref 0.72 (0.64e0.81) 0.65 (0.59e0.72) 0.57 (0.51e0.64)
Model B Ref 0.86 (0.76e0.97) 0.85 (0.76e0.94) 0.82 (0.73e0.93)
Model C Ref 0.87 (0.77e0.98) 0.86 (0.77e0.96) 0.84 (0.75e0.95) 0.004

Males Model A 2189/171775 Ref 0.75 (0.65e0.86) 0.74 (0.65e0.83) 0.71 (0.62e0.81)
Model B Ref 0.83 (0.72e0.95) 0.84 (0.74e0.94) 0.84 (0.73e0.96)
Model C Ref 0.84 (0.73e0.96) 0.85 (0.75e0.96) 0.86 (0.75e0.98) 0.026

Females Model A 726/361174 Ref 0.89 (0.70e1.13) 0.77 (0.61e0.96) 0.66 (0.51e0.84)
Model B Ref 0.97 (0.76e1.22) 0.89 (0.71e1.11) 0.80 (0.62e1.02)
Model C Ref 0.96 (0.76e1.22) 0.88 (0.70e1.11) 0.79 (0.61e1.02) 0.056

Current Smokers Model A 1156/112713 Ref 0.76 (0.63e0.91) 0.73 (0.63e0.86) 0.68 (0.56e0.81)
Model B Ref 0.80 (0.66e0.96) 0.80 (0.68e0.94) 0.76 (0.63e0.92)
Model C Ref 0.81 (0.67e0.98) 0.82 (0.70e0.97) 0.79 (0.65e0.96) 0.011

Former Smokers Model A 1201/158291 Ref 0.75 (0.62e0.90) 0.68 (0.57e0.80) 0.67 (0.56e0.81)
Model B Ref 0.81 (0.67e0.98) 0.76 (0.64e0.90) 0.78 (0.65e0.93)
Model C Ref 0.83 (0.68e1.00) 0.78 (0.66e0.93) 0.81 (0.67e0.98) 0.019

Never Smokers Model A 558/261945 Ref 1.11 (0.84e1.47) 1.08 (0.83e1.41) 0.88 (0.66e1.18)
Model B Ref 1.15 (0.87e1.52) 1.19 (0.91e1.55) 0.99 (0.74e1.33)
Model C Ref 1.14 (0.86e1.51) 1.17 (0.90e1.52) 0.95 (0.71e1.28) 0.789

a Model A: crude model; Model B: adjusted for age at recruitment, sex, smoking and energy intake; Model C: adjusted for age at recruitment, sex, smoking, energy intake,
ethnicity, fruit, vegetables, coffee, juice, and alcohol. Bold numbers indicate statistically significant results.

Table 3
Pooled hazard ratios and 95% confidence intervals for the association between stage groups of bladder cancer (NMIBC and MIBC) and tea consumption.

Cases/Total Tertiles of tea consumptiona P-value for trend

Never Low Medium High

MIBC
Overall Model A 656/530690 Ref 0.67 (0.49e0.92) 0.64 (0.52e0.78) 0.50 (0.40e0.63)

Model B Ref 0.81 (0.59e1.10) 0.86 (0.69e1.05) 0.77 (0.60e0.97)
Model C Ref 0.81 (0.60e1.11) 0.88 (0.71e1.09) 0.80 (0.63e1.02) 0.089

Males Model A 522/170108 Ref 0.64 (0.45e0.91) 0.72 (0.57e0.90) 0.64 (0.49e0.83)
Model B Ref 0.70 (0.49e1.00) 0.82 (0.65e1.04) 0.76 (0.58e0.99)
Model C Ref 0.70 (0.49e1.01) 0.86 (0.68e1.09) 0.81 (0.62e1.06) 0.127

Females Model A 134/360582 Ref 1.30 (0.66e2.54) 0.91 (0.54e1.54) 0.68 (0.39e1.20)
Model B Ref 1.42 (0.73e2.79) 1.12 (0.66e1.90) 0.93 (0.53e1.65)
Model C Ref 1.38 (0.70e2.70) 1.07 (0.63e1.81) 0.86 (0.48e1.54) 0.481

Current Smokers Model A 279/111836 Ref 0.67 (0.41e1.09) 0.71 (0.52e0.95) 0.66 (0.47e0.92)
Model B Ref 0.70 (0.43e1.14) 0.75 (0.56e1.01) 0.72 (0.51e1.01)
Model C Ref 0.70 (0.43e1.15) 0.79 (0.58e1.07) 0.77 (0.54e1.10) 0.120

Former Smokers Model A 272/157362 Ref 0.73 (0.46e1.16) 0.66 (0.48e0.92) 0.54 (0.37e0.79)
Model B Ref 0.80 (0.50e1.28) 0.76 (0.54e1.06) 0.66 (0.45e0.96)
Model C Ref 0.82 (0.51e1.30) 0.79 (0.56e1.11) 0.71 (0.48e1.05) 0.083

Never Smokers Model A 105/261492 Ref 1.17 (0.50e2.71) 1.58 (0.83e3.02) 1.17 (0.58e2.36)
Model B Ref 1.26 (0.54e2.90) 1.81 (0.94e3.47) 1.33 (0.65e2.70)
Model C Ref 1.28 (0.55e2.96) 1.81 (0.94e3.48) 1.29 (0.63e2.65) 0.520

NMIBC
Overall Model A 1094/531128 Ref 0.75 (0.62e0.90) 0.63 (0.54e0.75) 0.54 (0.45e0.66)

Model B Ref 0.88 (0.73e1.06) 0.85 (0.72e1.00) 0.85 (0.70e1.03)
Model C Ref 0.88 (0.73e1.07) 0.85 (0.72e1.01) 0.86 (0.71e1.05) 0.090

Males Model A 817/170403 Ref 0.78 (0.62e0.98) 0.78 (0.65e0.95) 0.75 (0.61e0.94)
Model B Ref 0.84 (0.67e1.05) 0.88 (0.73e1.07) 0.91 (0.73e1.14)
Model C Ref 0.84 (0.67e1.06) 0.89 (0.73e1.08) 0.93 (0.74e1.17) 0.434

Females Model A 277/360725 Ref 0.86 (0.61e1.21) 0.61 (0.44e0.86) 0.54 (0.37e0.79)
Model B Ref 0.93 (0.66e1.31) 0.72 (0.51e1.02) 0.68 (0.46e1.00)
Model C Ref 0.93 (0.66e1.31) 0.72 (0.51e1.02) 0.67 (0.45e1.00) 0.028

Current Smokers Model A 422/111979 Ref 0.78 (0.58e1.06) 0.68 (0.52e0.88) 0.63 (0.47e0.86)
Model B Ref 0.82 (0.60e1.11) 0.74 (0.57e0.97) 0.75 (0.55e1.02)
Model C Ref 0.83 (0.61e1.12) 0.76 (0.58e0.99) 0.78 (0.57e1.07) 0.057

Former Smokers Model A 472/157562 Ref 0.81 (0.61e1.09) 0.67 (0.52e0.87) 0.68 (0.51e0.91)
Model B Ref 0.89 (0.67e1.19) 0.77 (0.59e1.00) 0.82 (0.61e1.10)
Model C Ref 0.90 (0.68e1.20) 0.78 (0.60e1.02) 0.83 (0.62e1.12) 0.151

Never Smokers Model A 200/261587 Ref 0.99 (0.63e1.54) 1.13 (0.75e1.70) 0.81 (0.50e1.31)
Model B Ref 1.05 (0.67e1.65) 1.31 (0.87e1.97) 0.98 (0.61e1.59)
Model C Ref 1.06 (0.68e1.66) 1.31 (0.87e1.97) 0.97 (0.60e1.58) 0.811

a Model A: crude model; Model B: adjusted for age at recruitment, sex, smoking and energy intake; Model C: adjusted for age at recruitment, sex, smoking, energy intake,
ethnicity, fruit, vegetables, coffee, juice, and alcohol. Bold numbers indicate statistically significant results.
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Fig. 1. Doseeresponse relationships between tea consumption and bladder cancer.
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example, some primary studies compared ever vs never intake
while other studies considered highest categories ranging from one
to 14 cups per day. Another explanation might be that the included
studies might have included different tea types (i.e., black- and
green tea), and depending on the region, participants may consume
tea in different concentrations. In addition, toxic contamination of
tea products consumed in various regions in the world may also
confound the relationship between tea consumption and bladder
cancer. Several studies discussed tea contamination by fluoride
[38], arsenic [39], and heavy metals [40] although the effect of such
contamination on human health is debatable [39] when tea is
consumed in reasonable amounts.

Several bioactive substances have been identified in tea and are
believed to contribute in various degrees to its effects on health.
These substances include polyphenols (such as catechins and its
derivatives, gallic acid, chlorogenic acid, ellagic acid, and other
flavonoids), pigments (such as theaflavins, thearubigins, and the-
abrownins), polysaccharides, alkaloids (such as caffeine, theobro-
mine, and theophylline), free amino acids (such as aspartic acid,
glutamic acid, arginine, alanine, tyrosine, and theanine), and sa-
ponins [14,41]. Among these compounds, the most important
category in the anticancer effects is thought to be the polyphenols
[15]. Experimental studies demonstrated that tea and its compo-
nents contribute to cancer prevention through three main path-
ways: anti-inflammation properties like inhibiting genetic
expression of inflammatory cytokines; inhibition of the growth of
carcinogenesis-related pathogens; and inhibition of the survival
and proliferation of cancer cells [42e44]. The latter pathway which
is involved in cancer initiation, growth andmetastasis is believed to
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be mediated through three mechanisms. First, it was shown that
tea components such as epigallocatechin-3-gallate (EGCG) can
inhibit cell proliferation specifically in cancer cells by inhibiting
various pathways [15]. Second, EGCG and theaflavin suppress
angiogenesis in cancer tissues by reducing the vascular endothelial
growth factor A in addition to othermechanisms [15]. Third, in vitro
and in vivo studies showed that tea components including EGCG
and theaflavin can induce apoptosis in cancer cells via inhibitory
effect on various enzymes and receptors [15].

The bioactive compounds in tea are available in different con-
centrations in different tea types and products and may have
different biological effects. For example, the extensively studied
compound Epigallocatechin gallate (EGCG) is the main component
of green tea polyphenols which was demonstrated to have anti-
cancer effects through various pathways [45]. In contrast, black
tea has a lower concentration of EGCG and other flavonoids due to
fermentation process which partially converts these flavonoids to
other substances such as theaflavins and thearubigins [46].

Our analysis showed an interaction between tea consumption
and smoking. All levels of tea consumption were significantly
associated with a reduced bladder cancer risk among current and
former smokers, while never smokers showed a null association. A
cohort study in Japan [47] showed a similar interaction pattern
where current smokers consuming 3e4 cups of green tea per day
had a reduced bladder cancer risk (HR ¼ 0.44; 95% CI ¼ 0.24e0.80),
while never and ever smokers showed no such association. These
results suggest that tea consumption in itself might modulate the
carcinogenic effect of tobacco smoking, without considering the
associated dilution of the tobacco carcinogens in the urine related
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to tea intake, as total fluid intake is not associated with bladder
cancer risk [48]. In fact, the protective effect of tea and its com-
ponents against the toxic effects of smoking was previously
demonstrated in cellular, animal, and human studies [49]. The tea
catechins were demonstrated by in vivo studies to have antioxidant
activity that is only observed when there is an oxidative stress [50].
In an animal study [51], tumorigenesis was induced in animal
models using tobacco derived carcinogen. One group was admin-
istered black tea in drinking water and was demonstrated to be
protected against tumorigenesis. Another animal study showed
similar protection by green tea and EGCG against tumorigenesis
and reduction in markers for oxidative DNA damage induced by
tobacco carcinogen [52]. In a human study, smokers who were
administered green tea extract for four weeks demonstrated
reduction in DNA damage among smokers with no significant
change in non-smokers [53]. These studies and several others
[54e57] indicated that tea biological activities such as reducing
inflammation, counteracting oxidation, changing gut microbiota,
and inhibiting carcinogenesis at genetic and cellular levels may
interfere with the cancer processes induced by tobacco smoking
resulting in the observed protective effect.

The present study also showed an inverse association between
tea consumption and bladder cancer in men but not women. This
sex-differential protective effect has been observed in studies of
other cancers. Seow et al. observed an inverse association between
black tea consumption and lung cancer among men (HR ¼ 0.67;
95% CI ¼ 0.47e0.95) but not women [58]. Other cancers also
showed sex-related associations although in different directions
[59]. It was proposed that higher oxidative stress among men
compared towomenmake them benefit more from the antioxidant
effect of tea [58,60]. Moreover, previous studies found that male
cells are more sensitive to oxidative stress leading to faster short-
ening of telomere length (which is related to various diseases
including cancers) compared to women [61]. Therefore, men may
benefit more from nutritional antioxidants to ameliorate the
detrimental effect of antioxidants on telomeres. Lastly, residual
confounding by unmeasured confounders is still an alternative
explanation. More research is needed to explain this sex-related
effect.

The present study has many strengths. The analyses included a
large sample size which allowed for more precise estimates and
thorough analyses including stratification by sex and smoking
status. Moreover, the study pooled results from cohorts based in
various regions and populations in the world which enhances the
generalizability of results. The prospective design ensured that tea
consumption was assessed before the diagnosis of bladder cancer
which prevents recall bias and confirms temporal relationship. In
addition, being a pooled analysis of individual data allowed for
adjustment of various potential confounding factors which could
not be accomplished in traditional meta-analyses.

The study has also some limitations: (a) Detailed characteristics
of tea consumption such as number of years of tea consumption
and concentration of tea consumed were not available for the
analysis. Moreover, data on the type of tea consumed (green vs
black tea) were not available for analysis and thus wewere not able
to conduct subgroup analysis to identify if the protective effect
differs by the type of tea; (b) other factors potentially correlated to
both bladder cancer and tea consumption such as physical activity,
body weight, education, income, and occupational and environ-
mental exposure to carcinogenic chemicals were not available for
the analysis which poses the possibility of residual confounding.
Nonetheless, these factors have been shown unlikely to play a
major role in bladder cancer aetiology [6]; (c) only 2 cohort studies
in BLEND reported the intake of plainwater and therefore we could
not adjust for fluid intake in the pooled analyses; (d) although we
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adjusted for smoking status, duration and intensity, residual con-
founding by smoking cannot be excluded due to self-reporting of
smoking information and lack of data on passive smoking and other
characteristics of smoking behaviour such as depth of inhalation;
(e) many participants in the BLEND dataset have missing data on
stage of bladder cancer (MIBC vs NMIBC) which might have led to
low power reflected in the wide confidence intervals of various
categories in the subgroup analyses by stage of bladder cancer; (f)
information about personal history of cancer was not available. In
the sensitivity analyses, we conducted an analysis after excluding
subjects with outcome events in the first two years of follow-up; (g)
due to lack of information on other outcomes, all events other than
bladder cancer were treated as censored and thus we were unable
to conduct competing risk analyses. In addition, we did not have
enough details to conduct separate analysis for fatal and non-fatal
events of bladder cancer.

5. Conclusion

In conclusion, there was an evidence of reduced risk of bladder
cancer associated with consumption of tea. This reduced risk was
statistically significant among men and current and former
smokers but not among women and never smokers. The statisti-
cally significant association and dose response supports a causal
relationship. However, inconsistency between males and females
and the absence of association among never smokers weaken the
evidence of causality and may indicate residual confounding.
Further studies are needed to investigate more deeply the causality
and mechanism of interaction between tea consumption and sex
and smoking status.

Funding

This workwas partly funded by theWorld Cancer Research Fund
International (WCRF 2012/590) and European Commission (FP7-
PEOPLE-618308). The Netherlands Cohort Study on diet and can-
cer was supported by the Dutch Cancer Society. The RERF atomic
bomb survivors Study was supported by The Radiation Effects
Research Foundation (RERF), Hiroshima and Nagasaki, Japan, a
public interest foundation funded by the Japanese Ministry of
Health, Labour and Welfare (MHLW) and the US Department of
Energy (DOE). The research was also funded in part through DOE
award DEHS0000031 to the National Academy of Sciences. This
publication was supported by RERF Research Protocol RP-A5-12.
The VITamins and Lifestyle Study (VITAL) was supported by a
grant (R01CA74846) from the National Cancer Institute. The Euro-
pean Prospective Investigation into Cancer and Nutrition (EPIC) was
carried out with financial support of the “Europe Against Cancer”
Programme of the European Commission (SANCO); Ligue contre le
Cancer (France); Soci�et�e 3 M (France); Mutuelle G�en�erale de
l’�Education Nationale; Institut National de la Sant�e et de la
Recherche M�edicale (INSERM); Institute Gustave Roussy; German
Cancer Aid; German Cancer Research Centre; German Federal
Ministry of Education and Research; Danish Cancer Society; Health
Research Fund (FIS) of the Spanish Ministry of Health; the Spanish
Regional Governments of Andalucía, Asturias, Basque Country,
Murcia and Navarra; Cancer Research UK; Medical Research
Council, UK; Stroke Association, UK; British Heart Foundation;
Department of Health, UK; Food Standards Agency, UK; Wellcome
Trust, UK; Italian Association for Research on Cancer; Italian Na-
tional Research Council; Dutch Ministry of Public Health, Welfare
and Sports; Dutch Prevention Funds; LK Research Funds; Dutch
ZON (Zorg Onderzoek Nederland); World Cancer Research Fund;
Swedish Cancer Society; Swedish Scientific Council; Regional
Government of Skane, Sweden; Norwegian Cancer Society;



A.H. Al-Zalabani, A. Wesselius, E. Yi-Wen Yu et al. Clinical Nutrition 41 (2022) 1122e1130
Norwegian Research Council. Partial support for the publication of
this supplement was provided by the Centre de Recherche etd’In-
formation Nutritionnelles (CERIN).

Author contributions

The authors’ responsibilities were as followsd EYWY, AW and
MPZ: conceived and designed the study; AHAZ: conducted data
analyses and interpretation and drafted the manuscript; PvdB, EJG,
EW, GS, FL, EW: provided the data; PvdB, EJG, EW, GS, FL, EW,
EYWY, AW, and MPZ: revised the manuscript; and all authors: read
and approved the final manuscript.

Conflict of interest

None declared.

Acknowledgements

We gratefully acknowledge all principal investigators for their
willingness to participate in this joint project.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clnu.2022.03.020.

References

[1] Richters A, Aben KKH, Kiemeney L. The global burden of urinary bladder
cancer: an update. World J Urol 2020;38:1895e904.

[2] Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pi~neros M, et al. Global cancer
observatory: cancer today. International Agency for Research on Cancer; 2020.
Accessed at, https://gco.iarc.fr/today. [Accessed 7 January 2022].

[3] Saginala K, Barsouk A, Aluru JS, Rawla P, Padala SA, Barsouk A. Epidemiology of
bladder cancer. Med Sci (Basel). 2020;8.

[4] Al-Zalabani AH, Stewart KF, Wesselius A, Schols AM, Zeegers MP. Modifiable
risk factors for the prevention of bladder cancer: a systematic review of meta-
analyses. Eur J Epidemiol 2016;31:811e51.

[5] Lenis AT, Lec PM, Chamie K, Mshs MD. Bladder cancer: a review. JAMA
2020;324:1980e91.

[6] World Cancer Research Fund/American Institute for Cancer Research.
Continuous Update Project Expert Report 2018. Diet, nutrition, physical ac-
tivity and bladder cancer. Available at dietandcancerreport.org.

[7] Jochems SHJ, Reulen RC, van Osch FHM, Witlox WJA, Goossens ME,
Brinkman M, et al. Fruit consumption and the risk of bladder cancer: a pooled
analysis by the bladder cancer epidemiology and nutritional determinants
study. Int J Cancer 2020;147:2091e100.

[8] Yu EY, Wesselius A, Mehrkanoon S, Goosens M, Brinkman M, van den
Brandt P, et al. Vegetable intake and the risk of bladder cancer in the BLadder
Cancer Epidemiology and Nutritional Determinants (BLEND) international
study. BMC Med 2021;19:56.

[9] Lipunova N, Wesselius A, Cheng KK, van Schooten FJ, Bryan RT, Cazier JB, et al.
Gene-environment interaction with smoking for increased non-muscle-
invasive bladder cancer tumor size. Transl Androl Urol 2020;9:1329e37.

[10] Chung M, Zhao N, Wang D, Shams-White M, Karlsen M, Cassidy A, et al. Dose-
response relation between tea consumption and risk of cardiovascular disease
and all-cause mortality: a systematic review and meta-analysis of population-
based studies. Adv Nutr 2020;11:790e814.

[11] Liu W, Wan C, Huang Y, Li M. Effects of tea consumption on metabolic syn-
drome: a systematic review and meta-analysis of randomized clinical trials.
Phytother Res 2020;34:2857e66.

[12] Lin Y, Shi D, Su B, Wei J, Gaman MA, Sedanur Macit M, et al. The effect of green
tea supplementation on obesity: a systematic review and dose-response
meta-analysis of randomized controlled trials. Phytother Res 2020;34:
2459e70.

[13] Kim TL, Jeong GH, Yang JW, Lee KH, Kronbichler A, van der Vliet HJ, et al. Tea
consumption and risk of cancer: an umbrella review and meta-analysis of
observational studies. Adv Nutr 2020;11:1437e52.

[14] Tang GY, Meng X, Gan RY, Zhao CN, Liu Q, Feng YB, et al. Health functions and
related molecular mechanisms of tea components: an update review. Int J Mol
Sci 2019;20.

[15] Xu XY, Zhao CN, Cao SY, Tang GY, Gan RY, Li HB. Effects and mechanisms of tea
for the prevention and management of cancers: an updated review. Crit Rev
Food Sci Nutr 2020;60:1693e705.
1129
[16] Hashemian M, Sinha R, Murphy G, Weinstein SJ, Liao LM, Freedman ND, et al.
Coffee and tea drinking and risk of cancer of the urinary tract in male smokers.
Ann Epidemiol 2019;34:33e9.

[17] Zeegers MP, Dorant E, Goldbohm RA, van den Brandt PA. Are coffee, tea, and
total fluid consumption associated with bladder cancer risk? Results from The
Netherlands Cohort Study. Cancer Causes Control 2001;12:231e8.

[18] Hashibe M, Galeone C, Buys SS, Gren L, Boffetta P, Zhang ZF, et al. Coffee, tea,
caffeine intake, and the risk of cancer in the PLCO cohort. Br J Cancer
2015;113:809e16.

[19] World Cancer Research Fund/American Institute for Cancer Research.
Continuous Update Project Expert Report 2018. Non-alcoholic drinks and the
risk of cancer. Available at dietandcancerreport.org.

[20] Goossens ME, Isa F, Brinkman M, Mak D, Reulen R, Wesselius A, et al. Inter-
national pooled study on diet and bladder cancer: the bladder cancer,
epidemiology and nutritional determinants (BLEND) study: design and
baseline characteristics. Arch Publ Health 2016;74:30.

[21] Tjonneland A, Olsen A, Boll K, Stripp C, Christensen J, Engholm G, et al.
Study design, exposure variables, and socioeconomic determinants of
participation in Diet, Cancer and Health: a population-based prospective
cohort study of 57,053 men and women in Denmark. Scand J Publ Health
2007;35:432e41.

[22] Clavel-Chapelon F, van Liere MJ, Giubout C, Niravong MY, Goulard H, Le
Corre C, et al. E3N, a French cohort study on cancer risk factors. E3N Group.
Etude Epidemiologique aupres de femmes de l'Education Nationale. Eur J
Cancer Prev 1997;6:473e8.

[23] Boeing H, Korfmann A, Bergmann MM. Recruitment procedures of EPIC-
Germany. European investigation into cancer and nutrition. Ann Nutr Metab
1999;43:205e15.

[24] Panico S, Dello Iacovo R, Celentano E, Galasso R, Muti P, Salvatore M, et al.
Progetto ATENA, a study on the etiology of major chronic diseases in women:
design, rationale and objectives. Eur J Epidemiol 1992;8:601e8.

[25] Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, et al. European
Prospective Investigation into Cancer and Nutrition (EPIC): study populations
and data collection. Publ Health Nutr 2002;5:1113e24.

[26] Beulens JW, Monninkhof EM, Verschuren WM, van der Schouw YT, Smit J,
Ocke MC, et al. Cohort profile: the EPIC-NL study. Int J Epidemiol 2010;39:
1170e8.

[27] Zeegers MP, Goldbohm RA, van den Brandt PA. Are retinol, vitamin C, vitamin
E, folate and carotenoids intake associated with bladder cancer risk? Results
from The Netherlands Cohort Study. Br J Cancer 2001;85:977e83.

[28] Davey GK, Spencer EA, Appleby PN, Allen NE, Knox KH, Key TJ. EPIC-Oxford:
lifestyle characteristics and nutrient intakes in a cohort of 33 883 meat-eaters
and 31 546 non meat-eaters in the UK. Publ Health Nutr 2003;6:259e69.

[29] Day N, Oakes S, Luben R, Khaw KT, Bingham S, Welch A, et al. EPIC-Norfolk:
study design and characteristics of the cohort. European Prospective Inves-
tigation of Cancer. Br J Cancer 1999;80(Suppl 1):95e103.

[30] White E, Patterson RE, Kristal AR, Thornquist M, King I, Shattuck AL, et al.
VITamins and Lifestyle cohort study: study design and characteristics of
supplement users. Am J Epidemiol 2004;159:83e93.

[31] Ozasa K, Shimizu Y, Suyama A, Kasagi F, Soda M, Grant EJ, et al. Studies of the
mortality of atomic bomb survivors, Report 14, 1950-2003: an overview of
cancer and noncancer diseases. Radiat Res 2012;177:229e43.

[32] Kohlmeier L. The Eurocode 2 food coding system. Eur J Clin Nutr
1992;46(Suppl 5):S25e34.

[33] Schoenfeld D. Partial residuals for the proportional hazards regression model.
Biometrika 1982;69:239e41.

[34] van Osch FHM, Pauwels C, Jochems SHJ, Fayokun R, James ND, Wallace DMA,
et al. Tar, nicotine and carbon monoxide yield of UK cigarettes and the risk of
non-muscle-invasive and muscle-invasive bladder cancer. Eur J Cancer Prev
2019;28:40e4.

[35] Zhou J, Kelsey KT, Giovannucci E, Michaud DS. Fluid intake and risk of bladder
cancer in the Nurses' Health Studies. Int J Cancer 2014;135:1229e37.

[36] Wang J, Wu X, Kamat A, Barton Grossman H, Dinney CP, Lin J. Fluid intake,
genetic variants of UDP-glucuronosyltransferases, and bladder cancer risk. Br J
Cancer 2013;108:2372e80.

[37] Zhao LG, Li ZY, Feng GS, Ji XW, Tan YT, Li HL, et al. Tea drinking and risk of
cancer incidence: a meta-analysis of prospective cohort studies and evidence
evaluation. Adv Nutr 2021;12:402e12.

[38] Regelson S, Dehghan M, Tantbirojn D, Almoazen H. Evaluation of fluoride
levels in commercially available tea in the United States. Gen Dent 2021;69:
17e20.

[39] Mania M, Szynal T, Rebeniak M, Wojciechowska-Mazurek M, Starska K,
Strzelecka A. Human exposure assessment to different arsenic species in tea.
Rocz Panstw Zakl Hig 2014;65:281e6.

[40] Abualhasan MN, Nidal J, Hawash M, Khayat R, Khatatbeh E, Ehmidan M, et al.
Evaluation of heavy metal and microbial contamination in green tea and
herbal tea used for weight loss in the Palestinian market. Evid Based Com-
plement Alternat Med 2020;2020:7631562.

[41] Zamora-Ros R, Sacerdote C, Ricceri F, Weiderpass E, Roswall N, Buckland G,
et al. Flavonoid and lignan intake in relation to bladder cancer risk in the
European Prospective Investigation into Cancer and Nutrition (EPIC) study. Br
J Cancer 2014;111:1870e80.

[42] Fan X, Xiao X, Mao X, Chen D, Yu B, Wang J, et al. Tea bioactive components
prevent carcinogenesis via anti-pathogen, anti-inflammation, and cell survival
pathways. IUBMB Life 2021;73:328e40.

https://doi.org/10.1016/j.clnu.2022.03.020
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref1
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref1
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref1
https://gco.iarc.fr/today
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref3
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref3
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref4
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref4
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref4
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref4
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref5
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref5
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref5
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref7
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref7
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref7
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref7
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref7
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref8
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref8
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref8
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref8
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref9
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref9
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref9
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref9
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref10
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref10
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref10
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref10
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref10
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref11
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref11
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref11
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref11
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref12
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref12
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref12
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref12
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref12
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref13
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref13
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref13
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref13
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref14
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref14
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref14
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref15
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref15
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref15
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref15
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref16
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref16
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref16
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref16
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref17
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref17
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref17
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref17
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref18
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref18
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref18
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref18
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref20
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref20
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref20
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref20
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref21
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref21
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref21
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref21
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref21
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref21
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref22
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref22
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref22
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref22
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref22
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref23
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref23
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref23
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref23
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref24
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref24
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref24
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref24
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref25
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref25
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref25
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref25
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref26
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref26
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref26
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref26
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref27
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref27
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref27
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref27
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref28
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref28
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref28
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref28
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref29
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref29
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref29
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref29
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref30
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref30
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref30
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref30
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref31
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref31
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref31
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref31
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref32
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref32
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref32
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref33
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref33
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref33
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref34
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref34
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref34
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref34
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref34
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref35
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref35
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref35
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref36
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref36
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref36
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref36
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref37
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref37
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref37
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref37
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref38
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref38
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref38
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref38
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref39
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref39
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref39
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref39
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref40
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref40
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref40
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref40
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref41
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref41
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref41
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref41
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref41
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref42
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref42
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref42
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref42


A.H. Al-Zalabani, A. Wesselius, E. Yi-Wen Yu et al. Clinical Nutrition 41 (2022) 1122e1130
[43] Wang ST, Cui WQ, Pan D, Jiang M, Chang B, Sang LX. Tea polyphenols and their
chemopreventive and therapeutic effects on colorectal cancer. World J Gas-
troenterol 2020;26:562e97.

[44] Watanabe D, Murakami H, Ohno H, Tanisawa K, Konishi K, Tsunematsu Y,
et al. Association between dietary intake and the prevalence of tumourigenic
bacteria in the gut microbiota of middle-aged Japanese adults. Sci Rep
2020;10:15221.

[45] Singh BN, Shankar S, Srivastava RK. Green tea catechin, epigallocatechin-3-
gallate (EGCG): mechanisms, perspectives and clinical applications. Biochem
Pharmacol 2011;82:1807e21.

[46] Peluso I, Serafini M. Antioxidants from black and green tea: from dietary
modulation of oxidative stress to pharmacological mechanisms. Br J Phar-
macol 2017;174:1195e208.

[47] Kurahashi N, Inoue M, Iwasaki M, Sasazuki S, Tsugane S, Japan Public Health
Center Study G. Coffee, green tea, and caffeine consumption and subsequent
risk of bladder cancer in relation to smoking status: a prospective study in
Japan. Cancer Sci 2009;100:294-91.

[48] Ros MM, Bas Bueno-de-Mesquita HB, Buchner FL, Aben KK, Kampman E,
Egevad L, et al. Fluid intake and the risk of urothelial cell carcinomas in the
European Prospective Investigation into Cancer and Nutrition (EPIC). Int J
Cancer 2011;128:2695e708.

[49] Chen L, Mo H, Zhao L, Gao W, Wang S, Cromie MM, et al. Therapeutic prop-
erties of green tea against environmental insults. J Nutr Biochem 2017;40:
1e13.

[50] Yang CS, Wang H. Cancer preventive activities of tea catechins. Molecules
2016;21.

[51] Chung FL, Wang M, Rivenson A, Iatropoulos MJ, Reinhardt JC, Pittman B, et al.
Inhibition of lung carcinogenesis by black tea in Fischer rats treated with a
tobacco-specific carcinogen: caffeine as an important constituent. Cancer Res
1998;58:4096e101.
1130
[52] Xu Y, Ho CT, Amin SG, Han C, Chung FL. Inhibition of tobacco-specific nitro-
samine-induced lung tumorigenesis in A/J mice by green tea and its major
polyphenol as antioxidants. Cancer Res 1992;52:3875e9.

[53] Schwartz JL, Baker V, Larios E, Chung FL. Molecular and cellular effects of
green tea on oral cells of smokers: a pilot study. Mol Nutr Food Res 2005;49:
43e51.

[54] Hakim IA, Harris RB, Brown S, Chow HH, Wiseman S, Agarwal S, et al. Effect of
increased tea consumption on oxidative DNA damage among smokers: a
randomized controlled study. J Nutr 2003;133:3303Se9S.

[55] Klaunig JE, Xu Y, Han C, Kamendulis LM, Chen J, Heiser C, et al. The effect of tea
consumption on oxidative stress in smokers and nonsmokers. Proc Soc Exp
Biol Med 1999;220:249e54.

[56] Yasuda T, Miyata Y, Nakamura Y, Sagara Y, Matsuo T, Ohba K, et al. High
consumption of green tea suppresses urinary tract recurrence of urothelial
cancer via down-regulation of human antigen-R expression in never smokers.
In Vivo 2018;32:721e9.

[57] Misra A, Chattopadhyay R, Banerjee S, Chattopadhyay DJ, Chatterjee IB. Black
tea prevents cigarette smoke-induced oxidative damage of proteins in Guinea
pigs. J Nutr 2003;133:2622e8.

[58] Seow WJ, Koh WP, Jin A, Wang R, Yuan JM. Associations between tea and
coffee beverage consumption and the risk of lung cancer in the Singaporean
Chinese population. Eur J Nutr 2020;59:3083e91.

[59] Yuan JM. Cancer prevention by green tea: evidence from epidemiologic
studies. Am J Clin Nutr 2013;98:1676Se81S.

[60] Ide T, Tsutsui H, Ohashi N, Hayashidani S, Suematsu N, Tsuchihashi M, et al.
Greater oxidative stress in healthy young men compared with premenopausal
women. Arterioscler Thromb Vasc Biol 2002;22:438e42.

[61] Hassler E, Almer G, Reishofer G, Marsche G, Mangge H, Deutschmann H, et al.
Sex-Specific association of serum anti-oxidative capacity and leukocyte telo-
mere length. Antioxidants (Basel) 2021;10.

http://refhub.elsevier.com/S0261-5614(22)00100-5/sref43
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref43
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref43
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref43
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref44
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref44
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref44
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref44
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref45
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref45
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref45
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref45
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref46
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref46
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref46
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref46
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref47
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref47
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref47
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref47
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref48
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref48
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref48
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref48
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref48
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref49
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref49
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref49
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref49
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref50
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref50
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref51
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref51
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref51
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref51
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref51
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref52
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref52
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref52
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref52
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref53
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref53
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref53
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref53
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref54
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref54
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref54
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref54
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref55
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref55
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref55
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref55
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref56
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref56
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref56
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref56
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref56
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref57
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref57
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref57
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref57
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref58
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref58
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref58
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref58
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref59
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref59
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref59
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref60
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref60
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref60
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref60
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref61
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref61
http://refhub.elsevier.com/S0261-5614(22)00100-5/sref61

	Tea consumption and risk of bladder cancer in the Bladder Cancer Epidemiology and Nutritional Determinants (BLEND) Study: P ...
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Data collection and assessment
	2.3. Statistical analyses

	3. Results
	3.1. Baseline characteristics
	3.2. Association between tea consumption and bladder cancer risk
	3.3. Dose–response analysis

	4. Discussion
	5. Conclusion
	Funding
	Author contributions
	Conflict of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


