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Abstract

Background Epidemiologic studies that investigated alcohol consumption in relation to the risk of bladder cancer (BCa)
have demonstrated inconsistent results. We conducted a systematic review and meta-analysis of the literature to investigate
the association of alcohol including different types of alcoholic beverages consumption with the risk of BCa.

Materials and methods A systematic search of Web of Science, Medline/PubMed and Cochrane library was performed in
May 2018. Studies were considered eligible if they assessed the risk of BCa due to alcohol consumption (moderate or heavy
dose) and different types of alcoholic beverages (moderate or heavy dose) in multivariable analysis in the general population
(all genders, males or females) or compared with a control group of individuals without BCa. Study design: observational
cohorts or case—control.

Results Sixteen studies were included in this meta-analysis. Moderate and heavy alcohol consumption did not increase the
risk of BCa in the entire population. Sub-group and sensitivity analyses revealed that heavy alcohol consumption increased
significantly the risk of BCa in the Japanese population, RR 1.31 (95% CI 1.08-1.58, P <0.01) in the multivariable analysis,
and in males RR of 1.50 (95% CI 1.18-1.92, P <0.01), with no significant statistical heterogeneity. Moreover, heavy con-
sumption of spirits drinks increased the risk of BCa in males, RR 1.42 (95% CI 1.15-1.75, P<0.01).

Conclusion In this meta-analysis, moderate and heavy alcohol consumption did not increase the risk of bladder cancer sig-
nificantly. However, heavy consumption of alcohol might increase the risk of BCa in males and in some specific populations.

Keywords Alcohol consumption - Cancer risk - Bladder cancer

Introduction

Bladder cancer (BCa) was the 12th most commonly diag-
nosed malignancy worldwide in 2018 with an estimated
550,000 new cases and 200,000 deaths [1]. Among the most
important epidemiological factors for BCa are gender [2,
3, 4], cigarette smoking [4] and occupational exposure to
aromatic amines [5—7]. The role of dietary factors such as
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alcohol consumption has also been investigated, but the evi-
dence remains unclear [8]. However, it seems that a Mediter-
ranean diet has a protective role when eliminating fats and
alcohol intake [9].

A previous meta-analysis, including 16 case—control stud-
ies and 3 cohort studies, showed no association of alcohol
consumption with the risk of BCa [10]. Since the meta-
analysis was published, epidemiologic studies of alcohol
consumption in relation to the risk of BCa have reported
inconsistent results. Recently, a large prospective cohort
study investigated the association of different types of alco-
holic beverage consumption as well as alcohol consumption
with the risk of BCa. The authors reported that high intakes
of spirits were associated with an increased risk of BCa in
men and smokers [11]. Regarding, upper tract urothelial car-
cinoma (UTUC) there have been little data available regard-
ing alcohol consumption and its role in cancer development
[12].
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We hypothesized that alcohol intake can have an impact
on the risk of BCa development. Therefore, we conducted
a systematic review and meta-analysis of the literature to
investigate the association of alcohol including different
types of alcoholic beverage consumption with the risk of
BCa.

Materials and methods
Protocol

The protocol was registered in the International Prospec-
tive Register of Systematic Reviews database (PROSPERO:
CRD42018093472). The meta-analysis was conducted fol-
lowing the guidelines developed by the Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) group
[13]. In May 2018, two investigators (MDV and TI) carried
out a systematic literature search of Web of Science, Med-
line/PubMed and Cochrane library using the terms “alcohol”
AND “bladder cancer”. All original articles that fulfilled the
inclusion criteria listed above were included, without any
restriction of date and language of publications.

Inclusion and exclusion criteria

Studies were considered eligible if they assessed the risk
of BCa due to alcohol consumption (moderate or heavy
dose) and different types of alcoholic beverages (moder-
ate or heavy dose) in multivariable analysis in the general
population (all genders, males or females) or compared with
a control group of individuals without BCa. Study design:
observational cohorts or case—control. Good-quality stud-
ies according to Newcastle—Ottawa Scale (NOS) [14] and
Agency for Health Research and Quality (AHRQ) standards
were included.

For each included study, the following items were
extracted from the full text by two investigators: first author’s
name, year of publication, country, study type, number of
patients, and variables used in the multivariable analysis,
reported odds ratios (ORs), risk ratios (RRs) or hazard ratios
(HRs) for BCa and their confidence interval (CI) in multi-
variable analysis for each reported dose of alcohol (moderate
or heavy) and follow-up in case of cohort studies.

Study quality and risk of bias evaluation

Study quality was determined by the NOS [14] for cohort
studies. Thresholds for converting the NOS to AHRQ stand-
ards: good quality: three or four stars in the selection domain
AND one or two stars in the comparability domain AND two
or three stars in the outcome/exposure domain; fair quality:
two stars in the selection domain AND one or two stars in
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the comparability domain AND two or three stars in the
outcome/exposure domain; poor quality: zero or one star
in the selection domain OR zero stars in the comparabil-
ity domain OR zero or one star in the outcome/exposure
domain. Sixteen studies with good quality according to a
duplicate analysis were included in the meta-analysis (Sup-
plementary material 1A).

The “risk-of-bias” (RoB) evaluation of each study was
assessed according to the Cochrane Handbook for System-
atic Reviews of interventions for including non-randomized
studies [15]. Due to only non-randomized comparative
studies, RoB was determined by examining the risk of pre-
assigned confounders. The main confounding factors were
age, sex, smoking status, socioeconomic status and occupa-
tion. We, therefore, reviewed the studies adjusting for these
confounders within their used Cox regression analysis. The
presence of confounders was determined by consensus (Sup-
plementary material 1B).

A total of 2348 abstracts and titles were initially identi-
fied. After removal of duplicates, 830 remained. Then, 775
articles were excluded after screening titles and abstracts.
We assessed 55 full text articles; 33 studies were included
for the qualitative synthesis [11, 16—47], from which 16 were
quantitative synthesis (meta-analysis) [11, 22, 23, 26-28, 33,
36-39, 41, 43, 45-47] (Fig. 1).

Statistical analysis

First, we performed a formal meta-analysis for risk of BCa
according to the quantity of alcohol consumed (moderate
and heavy consumption). Second, we performed a formal
meta-analysis for risk of BCa according to heavy alcohol
consumption and region of the population. Third, we per-
formed a formal meta-analysis for risk of BCa in males
according to the type of alcohol and quantity of alcohol con-
sumed (heavy consumption). Fourth, we performed a formal
meta-analysis for risk of BCa according to the gender and
quantity of alcohol consumed (heavy consumption). Grams
of ethanol were used as measure for the analyses, defining
one drink as 10 g of ethanol, if not otherwise specified in
the original report. We used non-drinkers as reference. We
defined moderate alcohol intake as <30 g of ethanol per day
or drinking alcohol even a little, and heavy alcohol intake
as the most heavy volume of ethanol. The alcohol intake in
each study ranged from > 30 to 150 g. ORs, RRs and HRs
with their 95% Cls reported from each study were used to
calculate RRs [48], considering a baseline risk of 0.01.
Pooled RRs estimates were calculated with the fixed-effect
or random-effect model in case of significant heterogeneity.
Statistical heterogeneity was defined based on Cochrane O
P value or 12 statistics. To evaluate publication bias, Egger
linear regression [49] and funnel plots were examined. We
conducted sensitivity analyses by excluding each study and
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fair and low NOS quality

(n=17)

Fig. 1 PRISMA flowchart of the study selection process

the results presented did not change, except in case of heavy
consumption of alcohol in males. P values < 0.05 were con-
sidered statistically significant. Statistical analyses were per-
formed using Stata 14.0 statistical software (Stata Corp.,
College Station, TX, USA).

Results
Moderate alcohol consumption and BCa risk

Nine studies (630,037 subjects) fulfilled the inclusion cri-
teria regarding moderate alcohol consumption and the risk
of BCa (4 cohort and 5 case—control studies) (Table 1). The
pooled RR for the risk of BCa was 0.97 (95% CI 0.88-1.07,
P=0.59) in the multivariable analysis (Fig. 2a). The
Cochrane’s Q test (;(2 =5.15; P=0.74) and P test (I>=0%)

did not show a significant heterogeneity. The funnel plot did
not identify studies over the pseudo 95% CI with Egger test:
P=0.68 (Fig. 2a). Furthermore, we performed sub-analyses
according to the region of the population, gender and type
of alcoholic beverages and the results remained similar
(Fig. 3a, data shown for Japan).

Heavy alcohol consumption and BCa risk

Nine studies (596,491 subjects) fulfilled the inclusion cri-
teria regarding heavy alcohol consumption and the risk of
BCa (3 cohort and 6 case—control studies). The pooled RR
for the risk of BCa was 1.07 (95% CI 0.84-1.37, P=0.58) in
the multivariable analysis (Fig. 2b). The Cochrane’s Q test
(¥*=25.44; P<0.01) and I test (I =68.6%) showed a sig-
nificant heterogeneity. The funnel plot identified two studies
over the pseudo 95% CI with Egger test: P=0.99 (Fig. 2b).
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Fig.2 Forest and funnel plots for the risk of bladder cancer in the case of moderate a and heavy b consumption of all types of alcohol (all gen-
ders included)
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Furthermore, we performed subgroup analyses according e
to the region of the population included and results were 8 =
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cohort and 3 case—control studies; 104,944 subjects) from g 2 i
Japan. The pooled RR for the risk of BCa was 1.31 (95% CI g 5 E
1.08-1.58, P <0.01) in the multivariable analysis (Fig. 3b). g 2 2
The Cochrane’s Q test (y*=1.82; P=0.61) and I test E é E‘f
(I*=0%) showed no significant heterogeneity. The funnel '05) o B
plot did not identify any studies over the pseudo 95% CI with El 20 80 = ‘::)3 3
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plot showed no study over the pseudo 95% CI with Egger éﬁ = = g
test: P=0.13 (Fig. 4c). Sensitivity analyses did not show % 2 % ‘§ %
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Fig.4 Forest and funnel plots for the risk of bladder cancer in case of heavy consumption of all types of alcohol a male, b male without Brown-

son et al. study and ¢ female

groups; in beer group, three studies were identified over the
pseudo 95% CI with Egger test: (P=0.18, P=0.57, P=16),
respectively (Fig. 5a—c). Sensitivity analyses did not show a
change in the results.

Discussion

According to this meta-analysis that included data coming
from 16 studies published during a 40-year period, alco-
hol consumption does not significantly affect the risk of
developing BCa, when considering the general population.
In subgroup analyses, we found that heavy consumption of
any type of alcohol increases the risk in specific populations

(Japanese) of developing BCa by 31%. Moreover, in males,
heavy consumption of spirits increases the risk by 42% (RR
1.42) compared to non-drinkers.

Alcohol drinking and BCa risk represent an ardent topic
of interest within the urologic community. Most of the stud-
ies published in the last 40 years had focused on alcohol con-
sumption and BCa risk, with only one recent case—control
study [12] that investigated the association regarding risk
of upper tract urothelial carcinoma (UTUC). The authors
demonstrated in a Japanese population that heavy alcohol
consumption > 30 g/day, increases the risk of developing
UTUC by 26%; however, further studies must confirm their
findings. In the current meta-analysis, we found similar asso-
ciation also regarding heavy alcohol consumption and risk of
BCa in the Japanese population compared to non-drinkers.
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Table 3 Studies with good quality according to NOS that investigated the impact of heavy alcohol consumption on the risk of bladder cancer in

females and included in meta-analysis

No. Study Year Country Study N N Heavy RR (CI) Follow-up Variables
type Control  BCa dose (alco- (years)
hol)
1 Allen 2009 UK Cohort 1,280,296 928 >15 0.86 (0.63-1.17) 7.2 Age, region of residence,
drinks/ socioeconomic status, body
week mass index, smoking, physical

activity, use of oral contracep-
tives, hormone replacement

therapy
Zeegers 2001 The Netherlands Cohort 3170 77 >30g/day 0.85(0.6-1.2) 6.3 Age, smoking
3 Botteri 2017 EU Cohort 333,788 529 > 60g/day 1.16(0.42-3.19) 13.9 Age, sex, center, smoking,

energy intake, body mass
index, physical activity, edu-
cational level

CI confidence interval, N number of patients, RR risk ratio, UK United Kingdom, EU European Union, NOS Newcastle-Ottawa Scale

Table 4 Studies with good quality according to NOS that investigated the impact of heavy alcohol consumption (wine, beer and spirits) on the

risk of bladder cancer in males included in the meta-analysis

No. Study and year N N heavy dose RR (CD)? Heavy dose RR (CD)?* Heavy dose RR (CI)?
Control BCa (wine) Wine and risk  (beer) Beer and risk  (spirits) Spirits and risk
Male Male of BCa of BCa of BCa

1 Kunze 1992 675 675 > 0.3 L/day 1(0.4-2.3) > 1 L/day 2.5(1.3-4.6) > 0.5 L/day 2.1(0.9-4.5)
531 531

2 Chyou 1993 7995 96 - - > 250 g/day 1.13 (0.67- > 2 g/day 1.67 (0.98-2.84)
7995 96 1.92)

3 Pohlabeln 1999 300 300 >3 glass/day 2.48 (0.41- > 3 bottle/day  1.82 (0.79— - -
239 239 14.89) 4.21)

4 Zeegers2001 3170 594 > 30 g/day 1.73 (0.74— >30 g/day 1.09 (0.46- >30 g/day 1.94 (1.17-3.22)
1591 517 4.05) 2.57)

5 Pelucchi 2002° 1067 727 > 5drinks/day 0.86 (0.6-1.23) - - - -
769 617

6  Djoussé 2004 9821 126 > 4 dr/week 0.8 (0.4-1.7) > 4 dr/week 0.5 (0.2-0.8) > 4 dr/week 1.6 (0.9-3.1)
n.a n.a

7 Jiang 2007° 1586 1586 > 52 g/day 0.91 (0.41- >52 g/day 0.54 (0.35- >52 g/day 1.01 (0.63-1.62)
1225 1228 2.02) 0.83)

8  Botteri 2017° 476,160 1802 > 60 g/day 1.08 (0.71- >60 g/day 1.56 (0.99- >24 g/day 1.23 (0.91-1.66)
142,372 1273 1.65) 2.46)

CI confidence interval, N number of patients, RR risk ratio, NOS Newcastle-Ottawa Scale

? Adjusted for age and smoking

®Included more than 85% males

Moreover, heavy alcohol consumption might increase the
risk of BCa up to 50% in males according to our sensitivity
analyses. This results are in contrast with those reported
by the previous meta-analysis [10] that included 19 stud-
ies published until 2010 and showed no difference in risk
compared with non-drinkers; the pooled RR of BCa was
1.00 (95% CI 0.92-1.09) for moderate and 1.02 (95% CI

@ Springer

0.78-1.33) for heavy alcohol drinkers. In the current meta-
analysis, compared to the aforementioned study, we analyzed
also the effect of alcohol consumption on BCa risk accord-
ing to the type of alcohol consumed and we included only
good-quality studies according to NOS.

A possible role of alcohol in the etiology of BCa is due
to its metabolite acetaldehyde which is excreted through the
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Fig.5 Forest and funnel plots for the risk of bladder cancer in the case of heavy consumption of several drinks: a wine, b beer and ¢ spirits, in

males

urinary tract [50]. Acetaldehyde seems to cause damage to
the DNA and is classified as carcinogenic to humans [51].
However, the exposure of the kidney and bladder urothe-
lium to this carcinogen is low, as alcoholic beverages have
a diuretic effect which leads to higher frequency of mictu-
rition [53]. We further did not see an increased risk with
advancing age (data not shown) which is often associated
with lower urinary tract symptoms in males, leading to
longer intravesical exposure of urine. Regarding the effect
of alcohol exposure in different population, it was demon-
strated that there are some polymorphisms of genes encod-
ing alcohol-metabolizing enzymes in Japanese populations
which are different from those in Western populations and

these differences might account for the higher prevalence of
alcohol-related cancers such as esophageal cancer in Japa-
nese populations [52]. Since the carcinogenesis frequently
occurs through the influence of environmental and genetic
factors, the impact of heavy alcohol drinking on BCa risk in
Japanese populations may be different from that in Western
populations.

Tobacco smoking is known as the most important life-
style risk factor for BCa [54, 55]. It is, in some populations,
associated with alcohol drinking [56]. In all studies, the risk
of BCa due to alcohol consumption was adjusted for the
effects of smoking status in the multivariable analyses; the
pooled RRs of our meta-analysis revealed an increased risk
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of BCa in males that suffered heavy exposure to alcohol,
especially spirits of 42%. In contrast to our findings, in the
previous meta-analysis, the pooled RR was 0.98 (95% CI
0.89-1.07) for moderate and 0.97 (95% CI 0.72—1.31) for
heavy drinking [10]. However, the previous study suffered
from lower quality of included studies and patient numbers.

Even if we included only good-quality studies, our study
has several limitations. First, there is a selection bias in
the studies, as all were non-randomized observational or
case—control studies. Second, the definition of consumption
was not standardized with wide differences between studies
introducing heterogeneous results; however, there was no
statistical heterogeneity between studies in statistical signifi-
cant results. Third, it seems that risk is influenced by race
and other lifestyle habits that are often not or incompletely
recorded.

Conclusions

In this meta-analysis, moderate and heavy alcohol con-
sumption did not increase the risk of bladder cancer sig-
nificantly. However, heavy consumption of alcohol might
increase the risk of BCa in males and in some specific
populations. BCa prevention campaigns should include
alcohol cessation programs besides smoking cessation
programs as it may increase the risk of BCa in addition to
causing many other diseases.
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