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Abstract

Background: Smoking is a major risk factor for bladder cancer (BC). This meta-analysis
updates previous reviews on smoking characteristics and BC risk, and provides a more
quantitative estimation of the dose-response relationship between smoking characteris-
tics and BC risk.
Methods: In total, 89 studies comprising data from 57 145 BC cases were included and
summary odds ratios (SORs) were calculated. Dose-response meta-analyses modelled
relationships between smoking intensity, duration, pack-years and cessation and BC risk.
Sources of heterogeneity were explored and sensitivity analyses were conducted to test
the robustness of findings.
Results: Current smokers (SOR ¼ 3.14, 95% CI¼2.53–3.75) and former smokers(SOR ¼
1.83, 95% CI¼1.52–2.14) had an increased risk of BC compared with never smokers. Age
at first exposure was negatively associated with BC risk. BC risk increased gradually by
smoking duration and a risk plateau at smoking 15 cigarettes a day and 50 pack-years
was observed. Smoking cessation is most beneficial from 20 years before diagnosis. The
population-attributable risk of BC for smokers has decreased from 50% to 43% in men
and from 35% to 26% in women from Europe since estimated in 2000. Results were
homogeneous between sources of heterogeneity, except for lower risk estimates found
in studies of Asian populations.
Conclusions: Active smokers are at an increased risk of BC. Dose-response meta-ana-
lyses showed a BC risk plateau for smoking intensity and indicate that even after long-
term smoking cessation, an elevated risk of bladder cancer remains.
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Background

Bladder cancer (BC) is estimated to be the ninth most incident

cancer worldwide, with around 400 000 new cases per year;

the disease accounts for a larger share of total cancer inci-

dence in more developed regions.1 Cigarette smoking is a

major risk factor for urothelial cell carcinoma (which also in-

cludes cancers of the renal pelvis and ureter).2 Since recent

studies estimated 22.8% of Europeans,3 18.1 % of North

Americans4 and 52.9% of males from China5 smoke, it is ex-

pected to remain an important BC risk factor in the near fu-

ture. Studies investigating the association between smoking

and BC risk were summarized in a meta-analysis 15 years

ago2 and several systematic reviews.6–8 However, further

relevant studies have emerged since these reviews, allowing

for more robust estimates, more detailed subgroup analyses

and quantification of BC risk by dose-response investigations.

According to age- and gender-adjusted estimates from

an earlier meta-analysis, those patients smoking at diagno-

sis (current smokers) had a 3.33-fold increased risk of de-

veloping BC compared with never smokers, and for former

smokers the summary odds ratio (SOR) was 1.98; these

age-adjusted risk estimates were comparable between

males and females.2 Furthermore, BC risk increased with

the amount of cigarettes smoked per day and the number

of years of smoking, although this was only assessed in a

dichotomous way (e.g. 1–20 cigarettes per day vs >20 cig-

arettes per day) in this meta-analysis.2

The aim of this study was to provide an up-to-date esti-

mation of the role of smoking in BC risk and to gain a

more detailed quantification of several smoking character-

istics (i.e. smoking intensity, duration and cessation) by

performing dose-response meta-analyses.

Methods

Search strategy

Both Medline and Embase online databases were used to

search for epidemiological studies on cigarette smoking

and BC incidence. The search included the (MeSH) search

terms ‘urinary bladder neoplasms’, ‘incidence’ ‘risk’,

‘smoking’ and ‘epidemiologic studies’ in different combin-

ations, and resulted in a total count of 2112 articles after

removal of duplicates. Publications were excluded if they

did not involve humans. Publications that did not provide

useable data to calculate risk estimates and the associated

95% confidence intervals for smoking characteristics and

BC incidence were excluded. Included publications pro-

vided risk estimates for at least one of the selected cigarette

smoking characteristics, including: smoking status (never,

former, current), age at first exposure, daily cigarette con-

sumption (intensity), duration of cigarette consumption,

number of smoking pack-years and number of years since

cessation. Publications reporting only on ever vs never

smokers were excluded. Where a single study was

described in several publications, the most recent publica-

tion was used for analysis.

Data collection

The Newcastle-Ottowa Scale (NOS) scale9 was used to as-

sess study quality and to extract information on possible

sources of heterogeneity within individual publications by

two of the authors (F.v.O. and S.J.). Information on the

following variables was extracted and numerated in a data-

set: year of publication, country and geographical area

(North America, Europe, Asia, Africa, South America),

anatomical site (bladder, upper tract urothelium, renal pel-

vis), cigarette smoking assessment (interview or question-

naire), case and control source (hospital, population or

both) and factors adjusted for in the analysis. The associ-

ation between smoking and BC risk is expressed in odds

ratios (ORs) for both case-control studies and cohort stud-

ies included in this review. Where possible, risk estimate

data were extracted directly from included articles and

included both unadjusted and adjusted estimates. When

direct risk estimates were not available, two-way

Key Messages

• This large meta-analysis confirms smoking as a major risk factor for bladder cancer.

• A risk plateau is observed at smoking 15 cigarettes a day, and a 50% increased bladder cancer risk remains after

long-term smoking cessation.

• The population-attributable risk of bladder cancer for smoking has decreased in Europe since 2000 because of a

smaller number of smokers population-wide
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contingency tables were constructed separately and un-

adjusted ORs and 95% confidence intervals were calcu-

lated. Since age and gender are considered to be major

confounders of the association between smoking and BC,

all included adjusted risk estimates adjusted for at least age

and gender. For smoking duration, intensity, pack-years

and cessation, risk estimates for smoking and BC risk were

recorded per category, for example per 10 years of smok-

ing duration, when data were available. Publications were

excluded if the number of cases and/or controls or the

number of person-years was not given.

Statistical analysis

In order to investigate publication bias, funnel plots were

constructed, plotting the logarithmically transformed ORs

against the standard error of the associated log (OR).10.

The distribution of study risk estimates across the funnel

plot was examined visually and Egger’s test for small study

effects was performed to assess the degree of asymmetry.10

A random effects model was employed in all meta-analysis

procedures. Between-study variance was estimated by I2

and subgroup analyses. Stata statistical software was

used for all analyses (version 13; Stata Corp., College

Station, TX).

Summary ORs were estimated using classical meta-

analysis for smoking status, age at first exposure (>20

years vs "20 years) and these results were obtained sep-

arately for men and women if data were available from

the included publications. A cumulative meta-analysis

was performed in order to investigate whether the associ-

ation between smoking and BC incidence varied in time.

Subgroup analyses were performed to explore differences

in risk estimates between possible sources of heterogen-

eity, including geographical area, anatomical site, case

and control source, study design and smoking assessment.

The association of smoking duration, intensity, pack-

years and cessation with BC risk was examined using a

dose-response meta-analysis. The assigned dose for the

dose-response analysis was determined by taking the me-

dian of each category (e.g. 15 cigarettes for category 10–

20 cigarettes per day). Dose-response trends were esti-

mated using both the variance-weighted least squares

(VWLS) and generalized least squares (GLS) regression

methods.11 Since GLS is the most robust method with re-

gard to inevitable covariance between study observations

in a meta-analysis, the results from the GLS method are

presented. Restricted cubic splines, which set knots at the

5th, 35th, 65th and 95th percentile, were used to investi-

gate statistical non-linearity for all curves. Finally, popu-

lation-attributable risk (PAR) of BC for current smokers

compared with never smokers was estimated for Europe,

North America and China, using the overall pooled risk

estimates obtained by all included studies and the most

Figure 1. Flowchart of study selection and exclusion criteria.
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recent estimates of proportions of smokers in these

populations.

Results

Study characteristics

For this meta-analysis, 99 articles that discussed cigarette

smoking and BC incidence were identified between 1968

and 2015, based on their abstract. After full-text evalu-

ation, 89 articles were included for full analysis (Figure 1).

Study characteristics including year of publication, coun-

try, case/control source, smoking assessment and anatom-

ical site are summarized in Table 1. Six articles were

excluded after full-text evaluation due to insufficient NOS

score, duplicate populations in several articles or not being

published in English.101–106 Furthermore, three articles

only presented data on ever smokers, as opposed to current

and former smokers107–109 and one cohort study did not

present 95% confidence intervals and omitted the case-

control data to calculate these.110

Of the 89 included studies, 72 were case-control stud-

ies12–27,29,30,32–38,40–42,44–49,51,53–65,68,70–73,76,77,79,81–87,89,90,

92,93,95–99 and 17 were cohort studies.28,31,39,43,50,52,66,67,69,

74,75,78,80,88,91,94,100 Three articles presented risk estimates

from different study populations and were considered as sep-

arate studies in the analysis.9,78,84 In the case-control studies,

cases were identified from hospitals (n¼ 46)13–15,17–23,26,

29,33–38,40,41,46,49,53,54,57,58,64,65,70–73,76,77,81,83,85,86,89,90,93,

96–99 or in predefined populations (n¼ 24),16,24,25,27,32,35,42,

47,48,55,56,59–63,68,79,82,84,87,92,95 and two studies used both

hospital- and population-based cases;12,30 39 of the case-

control studies recruited controls from hospitals12–14,16,17,19,

21–24,26,29,33–37,40,41,44–46,49,50,53,54,57,58,63–65,68,70,71,73,74,76–

79,81–83,85–87,89,91–93,96,97,99 and 33 case-control studies re-

cruited population controls.15,18,20,25,27,30,32,35,38,42,45,47,

48,51,52,55–57,59,61–63,68,70,72,79,82,84,87,90,92,95,98 Detailed in-

formation on cigarette smoking habits was assessed by inter-

view (n¼ 62),12–18,21,23,25–27,29,30,32–38,40,46,48,49,51,53,55,58,59,

61,62,64,65,70,72,73,77,79,81–87,89,90,92,93,95–99 questionnaire,

(n¼ 26),19,20,24,28,31,39,47,52,56,57,60,63,66–69,71,74–76,78,80,88,91,

94,100 and medical records (n¼ 1).50

Publication bias and heterogeneity

Some publication bias seemed to be present, as judged from

funnel plots for current smoking risk estimates in studies that

present unadjusted ORs (n¼ 45). Publication bias seemed to

be of less importance in studies presenting age- and sex-ad-

justed (n¼ 11) and multiple-adjusted (n¼ 13) ORs. Egger’s

test for small study effects demonstrated that no small studies

remained unpublished (P¼ 0.150). Judging from I2 statistics,

there may have been heterogeneity (most I2 values between

70% and 90% for both classical- and dose-response meta-

analyses); however, when assessing heterogeneity in subgroup

analyses (Figure 2), there did not seem to be any substantial

heterogeneity.

Risk estimates from classical meta-analysis

Table 2 summarizes both unadjusted and adjusted esti-

mates for smoking status and age at first exposure ob-

tained from the classical meta-analysis. The adjusted SOR

for current smokers compared with never smokers was

3.14 (95% CI, 2.53–3.75). Former smokers had a 1.78

(95% CI, 1.53–2.03)-fold increased risk of developing BC

compared with never smokers. This association was com-

parable between men (3.44, 95% CI, 2.67–4.22) and

women (3.56, 95% CI, 2.76–4.36). When investigating all

obtained estimates, the observed SORs remained compar-

able to the adjusted estimates.

For age at first exposure, five male-only studies present-

ing age-adjusted risk estimates were pooled, which resulted

in an SOR of 1.36 (95% CI, 0.91–1.80) comparing males

who started smoking before the age of 20 with those who

had started smoking after the age of 20. Unadjusted SORs

showed no effect of age at first exposure in females (0.99,

95% CI, 0.31–1.68) as opposed to stronger associations

for males only (1.34, 95% CI, 1.02–1.68) and studies

including both sexes (1.30, 95% CI, 1.13–1.47).

Risk estimates from dose-response meta-analysis

Dose-response curves estimated from studies reporting on

smoking intensity (n¼ 23),25,30,33–35,37–40,45–

48,57,62,67,71,78,81,82,92,99 pack-years (n¼8),34,50,61,71–73,82,94

duration (n¼ 15)25,30,38,39,47,53,59,62,67,71,75,82,92,96,99 and

cessation (n¼ 7)(25,33,38,67,72,92,94 and BC risk are depicted

in Figure 3. The shape of both the intensity and pack-years

curves is reminiscent of a logarithmic curve, showing a rapid

increase of BC risk before declining at a certain point. For

intensity, BC risk increases only marginally from smoking

more than 15 cigarettes a day, and likewise for pack-years

from 50 pack-years onwards. The risk of BC increases al-

most linearly by smoking duration in years, although statis-

tical tests for non-linearity showed that it is non-linear

(P< 0.05 at all investigated knots). Those who stopped

smoking more than 25 years before diagnosis were at an ap-

proximately 1.5-fold higher risk of BC compared with never

smokers, whereas those who stopped smoking between 5

and 15 years before diagnosis were at a 2-3-fold increased

risk of BC compared with never smokers. There is a slight

stagnation around 10 years of cessation, indicating a rela-

tively small risk reduction between 5 and 15 years of smok-

ing cessation.
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Table 1. Study characteristics of included epidemiological studies with data on cigarette smoking and urothelial cell carcinoma,

ordered by year of publication

Study design

Case-control study

Reference First Author Year Country Cases (n) Anatomical site Cohort

study

Case source Control source Cigarette

smoking

assessment

(12) Dunham 1968 USA 702 Bladder – Both Hospital Interview

(13) Anthony 1970 UK 381 Bladder – Hospital Hospital Interview

(14) Armstrong 1976 UK 33 Renal pelvis – Hospital Hospital Interview

(15) Miller 1977 Canada 480 Bladder – Hospital Population Interview

(16) Wynder 1977 USA 574 Bladder – Population Hospital Interview

(17) Vineis 1981 Italy 225 Bladder – Hospital Hospital Interview

(18) Morrison 1984 USA 1435 Urinary tract – Hospital Population Interview

(19) Rebekalos 1985 Greece 300 Bladder – Hospital Hospital Questionnaire

(20) Sandler 1985 USA 518 Bladder – Hospital Population Questionnaire

(21) Vineis 1985 Italy 55 Bladder – Hospital Hospital Interview

(22) Wynder 1985 USA 194 Bladder – Hospital Hospital Interview

(23) Claude 1986 Germany 431 Bladder – Hospital Hospital Interview

(24) Brownson 1987 USA 823 Bladder – Population Hospital Questionnaire

(25) Hartge 1987 USA 2982 Bladder – Population Population Interview

(26) Augustine 1988 USA 1821 Bladder – Hospital Hospital Interview

(27) Slattery 1988 USA 332 Bladder – Population Population Interview

(28) Steineck 1988 Swedish 70 Urinary tract Yes – – Questionnaire

(29) Vineis 1988 Italy 567 Bladder – Hospital Hospital Interview

(30) Burch 1989 Canada 826 Bladder – Both Population Interview

(31) Helzlsouer 1989 USA 35 Bladder Yes – – Questionnaire

(32) Ross 1989 USA 187 Urothelial – Population Population Interview

(33) D’Avanzo 1990 Italy 337 Bladder – Hospital Hospital Interview

(34) Harris 1990 USA 1663 Bladder – Hospital Hospital Interview

(35) Hartge 1990 USA 2806 Bladder – Population Population Interview

(36) De Stefani 1991 Uruguay 111 Bladder – Hospital Hospital Interview

(37) La Vecchia 1991 Italy 364 Bladder – Hospital Hospital Interview

(38) Lopez-Abente 1991 Spain 430 Bladder – Hospital Population Interview

(39) Mills 1991 USA 52 Bladder Yes – – Questionnaire

(40) D’Avanzo 1992 Italy 555 Bladder – Hospital Hospital Interview

(41) Kunze 1992 Germany 675 Urinary tract – Hospital Hospital Interview

(42) McLaughlin 1992 USA 502 Urothelial – Population Population Interview

(43) Chyou 1993 Hawaii 96 Urinary tract Yes – – Interview

(44) Cordier 1993 France 765 Bladder – Hospital Hospital Interview

(45) Hayes 1993 USA 470 Urinary tract – Hospital Population Interview

(46) Barbone 1994 Italy 273 Bladder – Hospital Hospital Interview

(47) Sorahan 1994 UK 989 Bladder – Population Population Questionnaire

(48) Sturgeon 1994 USA 1860 Bladder – Population Population Interview

(49) D’Avanzo 1995 Italy 431 Bladder – Hospital Hospital Interview

(50) Tremblay 1995 Canada 138 Bladder Yes – – Medical files

(51) Bruemmer 1996 USA 262 Bladder – Population Population Interview

(52) Engeland 1996 Norway 307 Urinary tract Yes – – Questionnaire

(53) Bedwani 1997 Egypt 151 Bladder – Hospital Hospital Interview

(54) Donato 1997 Italy 172 Bladder – Hospital Hospital Interview

(55) Teschke 1997 Canada 105 Bladder – Population Population Interview

(56) Koivusalo 1998 Finland 732 Bladder – Population Population Questionnaire

(57) Sorahan 1998 UK 803 Urinary tract – Hospital Population Questionnaire

(58) Pohlabeln 1999 Germany 300 Urinary tract – Hospital Hospital Interview

(continued)
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Table 1. Continued

Study design

Case-control study

Reference First Author Year Country Cases (n) Anatomical site Cohort

study

Case source Control source Cigarette

smoking

assessment

(59) Pommer 1999 Germany 571 Urothelial – Population Population Interview

(60) Pesch 2000 Germany 1452 Urothelial – Population Population Questionnaire

(61) Serra 2000 Spain 1035 Bladder – Population Population Interview

(62) Castelao 2001 USA 218 Bladder – Population Population Interview

(63) Chiu 2001 USA 1514 Bladder – Population Population Questionnaire

(64) Vineis 2001 Europe 1530 Bladder – Hospital Hospital Interview

(65) Pelluchi 2002 Italy 110 Bladder – Hospital Hospital Interview

(66) Tripathi 2002 USA 112 Bladder Yes – – Questionnaire

(67) Zeegers 2002 Netherlands 619 Bladder Yes – – Questionnaire

(68) Gaertner 2004 Canada 887 Bladder – Population Population Questionnaire

(69) Jee 2004 Korea 175 Bladder Yes – – Questionnaire

(70) Karagas 2004 USA 383 Bladder – Hospital Population Interview

(71) Quirk 2004 USA 499 Bladder – Hospital Hospital Questionnaire

(72) Cao 2005 USA 145 Bladder – Hospital Population Interview

(73) Chen 2005 Taiwan 41 Bladder – Hospital Hospital Interview

(74) Bjerregaard 2006 Europe 633 Bladder Yes – – Questionnaire

(75) Cantwell 2006 USA 167 Bladder Yes – – Questionnaire

(76) Samanic 2006 Spain 1219 Bladder – Hospital Hospital Questionnaire

(77) Terry 2006 USA 239 Bladder – Hospital Hospital Interview

(78) Alberg 2007 USA 172 Bladder Yes – – Questionnaire

(79) Jiang 2007 USA 148 Bladder – Population Population Interview

(80) McGrath 2007 USA 184 Bladder Yes – – Questionnaire

(81) Demirel 2008 Turkey 164 Bladder – Hospital Hospital Interview

(82) Baris 2009 USA 1170 Bladder – Population Population Interview

(83) Cassidy 2009 USA 604 Bladder – Hospital Hospital Interview

(84) Stern 2009 China 1042 Bladder – Population Population Interview

(85) Wen 2009 China 94 Bladder – Hospital Hospital Interview

(86) Srivastava 2010 India 200 Bladder – Hospital Hospital Interview

(87) Tao 2010 China 195 Bladder – Population Population Interview

(88) Freedman 2011 USA 4523 Bladder Yes – – Questionnaire

(89) Gangwar 2011 India 212 Bladder – Hospital Hospital Interview

(90) MacKenzie 2011 UK 331 Bladder – Hospital Population Interview

(91) Grant 2012 Japan 573 Urothelial Yes – – Questionnaire

(92) Jiang 2012 USA 1586 Bladder – Population Population Interview

(93) Liu 2012 China 600 Bladder – Hospital Hospital Interview

(94) Welty 2012 USA 378 Bladder Yes – – Questionnaire

(95) Ferreccio 2013 Chile 232 Bladder – Population Population Interview

(96) Isa 2013 China 487 Bladder – Hospital Hospital Interview

(97) Matic 2013 Serbia 201 Bladder – Hospital Hospital Interview

(98) Amr 2014 Egypt 1840 Bladder – Hospital Population Interview

(99) Polesel 2014 Italy 531 Bladder – Hospital Hospital Interview

(100) Vermeulen 2014 Netherlands 1809 Bladder Yes – – Questionnaire
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Sensitivity analyses

Subgroup analyses investigating the risk of BC of current

smokers vs never smokers were performed to check for the

influence of potential sources of heterogeneity (Figure 2).

Most subgroup estimates seemed to be consistent with

each other and did not indicate heterogeneity. However,

the SOR of 1.91 (95% CI, 1.65–2.17) for the seven included

Asian studies was lower compared with both European

(n¼ 25, P¼3.93# 10$7) and North-American (n¼34,

P¼4.40# 10$6) estimates. Of these seven studies (including

2760 cases), four investigated Chinese populations,

Figure 2. Forest plot depicting crude summary odds ratios (SOR) for current smokers vs non-smokers, by several possible sources of heterogeneity.

The dashed line represents no effect and the solid line stands for the overall crude SOR of 2.96.

Table 2. Unadjusted and adjusted summary odds ratios for smoking status, age at first exposure and exposure to environmen-

tal tobacco smoke

Malea Femalea Male and femaleb

Determinants, all

investigated estimates

n studies n cases SOR 95% CI n studies n cases SOR 95% CI n studies n cases SOR 95% CI

Smoking status

Non-smoker 1.00 Reference 1.00 Reference 1.00 Reference

Former smoker 26 25812 2.00 1.79, 2.21 24 24156 1.65 1.38, 1.93 63 40015 1.90 1.78, 2.03

Current smoker 30 28280 3.30 2.90, 3.70 29 26924 3.10 2.61, 3.58 69 43640 2.96 2.67, 3.25

Age at first exposure (years)

<20 1.00 Reference 1.00 Reference 1.00 Reference

%20 7 3619 1.34 1.02, 1.68 4 1856 0.99 0.31, 1.68 10 7556 1.30 1.13, 1.47

Determinants, only

adjusted estimates

Smoking status

Non-smoker 1.00 Reference 1.00 Reference 1.00 Reference

Former smoker 10 11165 1.92 1.57, 2.27 9 9809 2.04 1.66, 2.42 12 8659 1.83 1.52, 2.14

Current smoker 11 11596 3.44 2.67, 4.22 10 10240 3.56 2.76, 4.36 13 9129 3.14 2.53, 3.75

Age at first exposure (years)

<20 1.00 Reference 1.00 Reference 1.00 Reference

%20 5 2493 1.36 0.91, 1.80 1 675 – – 4 4320 1.33 0.92, 1.74

aAdjusted SORs are based on age-adjusted estimates.
bAdjusted SORs are based on (at least) age- and sex-adjusted estimates.

International Journal of Epidemiology, 2016, Vol. 45, No. 3 863

Downloaded from https://academic.oup.com/ije/article-abstract/45/3/857/2572678
by Maastricht University Library user
on 01 December 2017



84,85,93,96 two investigated Japanese populations18,91 and

there was one prospective study in a Korean population69 to

estimate the effect of smoking on BC risk. Across these seven

studies, estimates consistently indicated a 2-fold increase of

BC risk as opposed to the overall (and European and North-

American) estimate of a 3-fold increased risk of BC for cur-

rent smokers compared with never smokers.

A cumulative meta-analysis, performed to check

whether the risk estimate of BC for current smokers com-

pared with never smokers changed over time since

(included publications appeared in print between 1968 and

2015) indicated that there was a slight increase of BC risk

for current smokers vs never smokers over time

(Supplementary Figure 1, available as Supplementary data

at IJE online). However, when only considering multiple

adjusted (at least adjusted for age and sex) estimates, there

were no changes in estimated risk of BC.

In addition to the presented dose-response curves esti-

mated by GLS regression using restricted cubic splines, other

methods (VWLS, linear regression) did not show different

results when compared with GLS with regard to the esti-

mated regression slope for all investigated smoking charac-

teristics. Furthermore, the shape of the dose-response curves

did not change substantially by varying with positioning of

knots using the cubic splines method or when applying a

fractional polynomials approach for curve estimation.

Population-attributable risks

In Europe approximately 28% of males and 18% of females

smoke,3 whereas in the USA these figures are estimated to

be 21% and 16%.4 By combining these figures with the

pooled risk estimates per continent from this meta-analysis,

PARs were calculated (Table 3). The fraction of BC cases at-

tributable to cigarette smoking is 43% for males and 26%

for females in Europe and 34% for males and 30% for fe-

males in the USA. Unfortunately, no studies presenting gen-

der-specific ORs were found for the Chinese population;

however, the PAR in the whole population seems smaller

(20%) compared with both Europe and the USA, although

the prevalence of smoking is larger in China.5

Discussion

This meta-analysis summarizes the findings of 89 observa-

tional studies, encompassing a total of 57 145 BC cases,
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Figure 3. Dose-response curves as estimated by dose-response meta-analysis for smoking intensity (a), pack-years (b), duration (c) and years of

smoking cessation (d). ORs indicating bladder cancer risk are listed on the y-axis and units of smoking are given on the x-axis. Never smokers are the
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investigating the association between cigarette smoking

and BC risk.

Smoking status and age at first exposure
influence BC risk

Our findings support earlier reviews in indicating an

increased risk of BC for cigarette smokers. Age at first ex-

posure is negatively associated with BC risk; however, no

studies adjusted for smoking duration or smoking intensity

as possible effect modifiers in the included publications.

Dose-response relationship between smoking
intensity and BC risk, with a risk plateau at 15
cigarettes a day

Increasing smoking intensity (i.e. smoking more cigarettes

per day) seems to be of less additional impact on BC risk

when smoking more than 15 cigarettes a day. Perhaps sur-

prisingly, very heavy smokers (e.g. 50 cigarettes a day) do

not experience a markedly increased risk compared with

less heavy smokers. A similar relationship is observed for

pack-years, but with a risk plateau at approximately 50

pack-years. These results are in line with experimental and

molecular epidemiological studies in which saturation is

observed of smoking-related DNA adduct levels in

lymphocytes and lung cells at higher doses, leading to non-

linear dose-response relationships.111 In the bladders of

mice treated with the bladder carcinogen 4-aminobiphenyl

(4-ABP), adduct levels in bladder DNA and associated

bladder tumours increased by dose at low doses, but satur-

ation was observed at high doses.112 Similarly in smokers,

adduct levels (derived from the tobacco carcinogens poly-

cyclic aromatic hydrocarbons and 4-ABP) in blood cells

plateaued at 20 cigarettes per day,113 which is in agree-

ment with the presently observed dose-response relation-

ship in BC risk. Although these studies might provide some

biological explanation for the observed risk plateau, it is

not replicated in other smoking-related cancers such as

lung cancer,114 where the association seems to be linear, or

head-and neck cancer where some studies show a similar

risk plateau115 but others indicate a linear association.116

Therefore, more research is needed on the possible mech-

anism that underlies the observed association between

smoking intensity and BC risk.

Smoking cessation is most beneficial more than
20 years before diagnosis, but still causes a long-
term BC risk increase

Many smokers believe that smoking cessation will cause

their risk of several diseases to return to the risk of a non-

smoker over a very short period.117 However, this analysis

unambiguously shows that lowering BC risk after smoking

cessation takes time. The beneficial effect of smoking ces-

sation on BC risk is largest when having stopped smoking

more than 20 years before diagnosis. Even then, the risk of

former smokers does not return to the risk of non-smokers.

Even after 20 years of cessation, ex-smokers remain at a

50% increased risk compared with those who have never

smoked. Furthermore, there does not seem to be a substan-

tial risk reduction between 5 and 15 years of smoking ces-

sation before diagnosis. Although smoking cessation seems

to be the only efficient mechanism to counteract smoking-

induced pathogenic processes leading to cancer,118 these

results show that the malignant effects of exposure to

tobacco-related carcinogens can linger for a lifetime in the

bladder. The risk of BC per year of smoking increases grad-

ually every year, indicating that smoking cessation pro-

grammes should aim to achieve smoking cessation as early

in life as possible to effectively decrease BC risk due to

smoking. The presented dose-response curves might be use-

ful aids for developing such smoking cessation strategies.

Lower risk of BC for smokers in Asian compared
with Caucasian populations

All studies in Asian populations observed lower ORs com-

pared with pooled estimates from Europe and the USA. A

similar difference was observed in lung cancer, where a

meta-analysis showed a markedly lower pooled risk ratio

(RR) for smokers compared with never-smokers in Asian

populations (pooled RR¼ 5.52, 95% CI, 2.83–10.78)

compared with studies in Caucasian populations (pooled

Table 3. Population-attributable risk (PAR) of bladder cancer

according to exposure to cigarette smoking in North

America, Europe and China

No. of studies SOR Pe (smoking) PAR

Men and women

North Americab 13 3.08 0.18 27%

Europe 9 3.62 0.23 37%

China 4 1.87 0.28 20%

Men only

North Americaa 8 3.55 0.21 34%

Europec 13 3.67 0.28 43%

China 0 – 0.53 –

Women only

North Americaa 8 3.72 0.16 30%

Europec 13 2.92 0.18 26%

China 0 – 0.02 –

Pe, prevalence of exposure (smoking).
aBased on age- and sex-adjusted estimates only.
bBased on unadjusted estimates only.
cBased on both adjusted and unadjusted estimates.
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RR¼ 9.94, 95% CI, 5.92, 16.67).119 Even though the

exact mechanism behind this lower susceptibility for to-

bacco-related cancers in Asian populations remains un-

clear, there is some evidence that nicotine intake from

cigarette smoking is lower and that therefore Asian popu-

lations might be less susceptible to the harmful effects of

tobacco smoke compared with Caucasian populations.120

Decreased population-attributable risk (PAR) in
Western countries for cigarette smoking in BC

The PAR calculated for Europe was noticeably lower

compared with the estimated PAR from the 2000 meta-

analysis,2 where it was estimated that 50% of male cases

and 35% of female cases were attributable to smoking, as

opposed to the 43% and 26% for men and women,

respectively, which were estimated in the current meta-

analysis. This indicates that the burden of smoking on

bladder cancer incidence has decreased. Although we have

no earlier PAR estimate for the USA, it is likely that a simi-

lar decrease in BC risk attributable to smoking has

occurred during the past 15 years. These lower figures,are

due to the currently decreasing number of smokers in these

populations,3,4 since the risk of BC associated with smok-

ing remains unaltered, as we show in our cumulative meta-

analysis. Even though the PARs were lower, the total

number of worldwide incident BC cases only slightly

decreased from 356 557 in 2002121 to 330 380 in 2012,1

emphasizing the continuing importance of development of

effective smoking cessation and prevention programmes.

Interestingly, a pooled analysis from Nordic countries

found very similar PARs (41% in males and 32% in fe-

males) to what we observed in 1997,122 indicating that

there might be meaningful differences in PAR even at a re-

gional level. Unfortunately, no PAR has been calculated

previously for Eastern countries, so we could not compare

our estimated PAR for China with previous results.

However, since smoking prevalence is still on the rise in

China,5 it is highly unlikely that the PAR has decreased

over the past years in China or other Eastern countries.

Bias and heterogeneity

Although the number of included studies was large, many

articles did not present adjusted risk estimates. Since there

was a difference in pooled OR between studies showing

adjusted estimates compared with unadjusted estimates,

we expect that not adjusting for at least age and sex might

lead to underestimation of the strength of the association

between smoking and BC incidence, given the higher

pooled OR for adjusted risk estimates.,In the dose-

response meta-analysis, both adjusted and unadjusted risk

estimates were included and there was no heterogeneity be-

tween studies caused by the number of factors adjusted for.

In this meta-analysis, publication bias may have played

a role since no attempts were made to include unpublished

observations, and several studies were excluded because of

not meeting the selection criteria. Additionally, when

investigating funnel plots, the observed bias was bipolar

(e.g. included both higher and lower estimates) and

occurred mostly between larger studies. Since some degree

of heterogeneity was likely to occur due to differences in

study methodology (e.g. study population, design, smoking

assessment) between the large number of studies included,

a random effects approach to the meta-analyses was used.

This approach allowed for more heterogeneity in studies

beyond sampling error, as opposed to a fixed effects

approach.123

Sensitivity analyses

Subgroup analyses showed that SORs were similar across

several possible sources of heterogeneity, except for studies

from Asian populations. A cumulative meta-analysis

showed no time effect on the overall risk estimate of smok-

ing for BC. Although several regression methods were used

for dose-response curve estimation, there were no differ-

ences between the shapes of the estimated curves resulting

from the different analyses. Also, varying the knots (which

determine how the curves are estimated) did not cause

major changes in the shape of the curves. Both of these ob-

servations lead to the conclusion that the presented GLS

curves are robust and can be interpreted as such.

Study limitations

Because only 15 studies which adjusted for multiple factors

(of which eight adjusted their BC risk estimates for smok-

ers for factors other than age and sex) were included, the

pooled estimates obtained are not completely free of pos-

sible confounding due to other factors influencing BC risk.

The number of studies adjusting for multiple risk factors

was probably low because especially the more recently

published studies often do not focus solely on smoking but

only consider smoking status as a stratifying factor in their

molecular analyses for example. Nevertheless, apart from

smoking, only occupational exposure to carcinogens has

been identified as a major risk factor for BC. Since the fre-

quency of occupational exposure is so long it is unlikely to

be a confounder and therefore many individual studies

may have not corrected for this. In addition, studies

included in this meta-analysis did not include sufficient

data to stratify for important molecular aberrations which

play a role in BC development. Studies on molecular
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determinants of BC development have unveiled TP53 mu-

tation and chromosome 9 defects as frequent molecular ab-

errations in BC aetiology.124,125 Also, glutathione S-

transferase M1 (GSTM1) and N-acetyl transferase2

(NAT2) deficiencies are both associated with increased

bladder cancer risk and are together estimated to account

for about 30% of bladder cancer cases in Caucasian popu-

lations.126 Recently, several single nucleotide polymorph-

isms (SNPs) associated with increased risk of BC have been

identified on candidate genes such as fibroblast growth fac-

tor receptor 3 (FGFR3) and telomerase reverse transcript-

ase (TERT).127 Some case-control studies focusing on

molecular aberrations and BC also included data on smok-

ing; however, almost all of the molecular studies found in

our search did not present any useable smoking data for

this meta-analysis.

Conclusion

Our findings are in line with results from earlier meta-ana-

lyses and reviews indicating an estimated 3-fold higher risk

of BC for cigarette smokers. Age at first exposure was

negatively associated with BC risk. The proportions of BC

cases attributable to smoking (PARs) were noticeably

lower than estimated in 2000 for both males and females,

driven by the decreasing number of smokers in Western

countries. Furthermore, we estimated dose-response curves

providing a more graphic quantification of the impact of

smoking intensity, pack-years, duration and cessation on

BC risk, and these provide opportunities for development

of smoking cessation and prevention programmes which

should aim for smoking cessation at an early age.
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