Risk factors for urinary bladder cancer

Citation for published version (APA):

Zeegers, M. P. A. (2001). Risk factors for urinary bladder cancer. Datawyse / Universitaire Pers
Maastricht. https://doi.org/10.26481/dis.20010622mz

Document status and date:
Published: 01/01/2001

DOI:
10.26481/dis.20010622mz

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

« A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

« The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 20 Sep. 2021


https://doi.org/10.26481/dis.20010622mz
https://doi.org/10.26481/dis.20010622mz
https://cris.maastrichtuniversity.nl/en/publications/6f475bf4-f6d1-4dc2-b53d-6fa8052faf4b

Risk Factors
for
Urinary Bladder Cancer

Maurice P.A. Zeegers



© Zeegers, Maurice Petrus Alphonsus

Risk Factors for Urinary Bladder Cancer / Maurice Petrus Alphonsus Zeegers

Thesis Maastricht University. — With summary in Dutch

ISBN: 90-9014776-4

Subject headings: bladder neoplasms, urologic neoplasms, smoking, drinking, nutrition,
occupational exposure, systematic review, meta-analysis, follow-up studies, cohort
studies, epidemiology

Lay-out: Cobie Martens, Maurice Zeegers, UM Epidemiologie, Maastricht

Productie: | Universitaire Pers Maastricht



Risk Factors
for
Urinary Bladder Cancer

PROEFSCHRIFT

ter verkrijging van de graad van doctor
aan de Universiteit Maastricht
op gezag van de Rector Magnificus,

Prof. dr. A.C. Nieuwenhuijzen Kruseman
volgens het besluit van het College van Decanen,
in het openbaar te verdedigen
op vrijdag 22 juni 2001 om 12.00 uur

door

Maurice Petrus Alphonsus Zeegers



Promotor

Prof.dr.ir. P.A. van den Brandt

Co-promotor
Dr. R. Alexandra Goldbohm
Dr. E. Dorant

Beoordelingscommissie

Prof. dr. M. Berger (voorzitter)

Prof. dr. H. Hillen

Prof. dr. J.A. Knottnerus

Prof. dr. ir. F.E. van Leeuwen (Vrije Universiteit Amsterdam)

Prof. dr. J. Schalken (Katholieke Universiteit Nijmegen)

The Graduste Schoolf

VLAG

The study in this thesis was performed at the Nutrition and Toxicology Research Institute Maastricht
(NUTRIM), which participates in the Graduate School VLAG-2 (Food Technology, Agrobiotechnology,
Nutrition and Health Sciences) accredited by the Royal Netherlands Academy of Arts and Sciences

De druk van dit proefschrift kwam mede tot stand dankzij financiéle steun van Stivoro, het Dutch Cochrane
Centre, GlaxoSmithKline, Stichting Nationaal Fonds tegen Kanker en Stichting MINT.



CONTENTS

10

11

12

13

Introduction
Meta-analyses

An unbiased estimator of exposed versus non-exposed odds ratio
from summarised dose-response data

The impact of characteristics of cigarette smoking on urinary tract
cancer risk: a meta-analysis of epidemiologic studies

Elevated risk of cancer of the urinary tract for alcohol drinkers:
a meta-analysis

Are coffee and tea consumption associated with urinary tract
cancer risk? A systematic review and meta-analysis

Netherlands Cohort Study

A prospective study on active and environmental tobacco smoking
and bladder cancer risk

Alcohol consumption and bladder cancer risk: results from
the Netherlands Cohort Study

Are coffee, tea and total fluid consumption associated with bladder
cancer risk? Results from the Netherlands Cohort Study

Consumption of vegetables and fruits and bladder cancer incidence:
a prospective study

Are retinol, vitamin C, vitamin E, folate and carotenoids intake
associated with bladder cancer risk? Results from the Netherlands
Cohort Study

Prediagnostic toenail selenium and risk of bladder cancer

Male bladder cancer associated with occupational exposure to
carcinogens in the Netherlands

Epilogue
Summary
Samenvatting
Dankwoord

About the author

13

25

39

49

63

77

85

97

113

125

135
147
161
165
169

171



voor mijn moeder en Jos



Introduction

INTRODUCTION



CHAPTER 1



INTRODUCTION

Bladder cancer is the seventh most frequent tumour in men worldwide, accounting for
approximately 200,000 men with newly diagnosed bladder cancer cach year. Bladder
cancer is considerably more common in men than in women, but still yearly
approximately 60,000 women are diagnosed with the disecase worldwide.! In The
Netherlands, bladder cancer is the fifth most frequent invasive tumour in men. In this
country, 1,653 men and 532 women were diagnosed with bladder cancer in 1996.2 The
age-standardised (European Standard Population) incidence rates for bladder tumours
for men and women were 22.2 and 5.0 per 100,000 person-years in this population in
1996, respectively. Like many solid tumours, bladder cancer incidence increases with
age. Tumours of the bladder rarely occur before the age of 40 to 50, but most commonly
arise in the seventh decade of life.2 The incidence of bladder cancer varies considerably
between countries.!3 In general, the highest incidence rates for bladder cancer are found
in developed countries like Western Europe and North America; relatively low rates are
found in Eastern Europe and several areas of Asia.!3 In The Netherlands in 1996 750
men with bladder cancer (61%) and 325 women with bladder cancer (45%) died from the
disease.?

About 90% of bladder cancers are transitional cell carcinomas, cancers that begin in the
urothelial cell lining. The renal pelvis, ureters, and urethra are covered with the same
urothelium. Therefore, unless otherwise specified, the term bladder cancer is used as a
synonym for these neoplasms. About 80% of bladder tumours are confined to the bladder
mucosa, the so-called superficial tumours, and 20% invade the muscle layer.s
Haematuria, pain during urination and frequent urination are the most common
symptoms of both types of cancer. However, the management and prognosis of these
cancers are completely different: superficial tumours are fairly benign, and invasive
tumours are highly malignant. Depending on its stage and grade, bladder cancer may be
treated with surgery, radiation therapy, chemotherapy, or immunotherapy.

Along with lung cancer, bladder cancer was one of the earliest cancers to undergo
serious epidemiologic investigation. As a consequence, some important causes of bladder
cancer such as cigarette smoking, occupational exposure, and chronic infections with
schistosoma haematobium have been known for decades.5 However, at present there is
few detailed information for specific smoking characteristics or specific occupational
carcinogenic agents other than aromatic amines available. The recent controversy
concerning the influence of fluid consumption and diet on the risk of bladder cancer
points to some of the still unanswered questions about the aetiology of the disease.
Therefore, research is warranted to study bladder cancer aetiology, in which possible risk
factors for bladder cancer are explicitly tested. Knowledge about these determinants may
play an important role in bladder cancer prevention.

In this dissertation, analyses regarding the associations between several environmental
risk factors (i.e., tobacco smoking, fluid consumption, diet and occupation) and bladder
cancer incidence are reported. These analyses were carried out through meta-analyses of
epidemiologic studies and through specific analyses within the context of the
Netherlands Cohort Study on diet and cancer.

META-ANALYSES OF EPIDEMIOLOGIC STUDIES

Although meta-analyses are traditionally used to combine evidence from experimental
research we applied this technique to observational epidemiologic studies.6” In meta-
analyses all previous epidemiologic literature concerning cigarette smoking, fluid
consumption and bladder cancer incidence was examined and evaluated systematically
in order to identify potential risk factors and to summarize their potential effects on
bladder cancer incidence. Furthermore, the potentially profitable areas of further
investigation were identified.

The epidemiologic literature was identified through computerized database searches for
follow-up and case-control studies published from 1966 to 2000 and through reference
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checking.” From each study both qualitative and quantitative data were abstracred A
criteria list was developed for the assessment of quality items in observational cancer
research.® A statistical method was developed to abstract the quantitative data from the
component studies.® In the meta-analyses, summary effects were estimated, both
adjusted and unadjusted for potential confounders with random cffects meta regression
analysis.® Meta-analyses concerning diet and occupation were not addresscd in this
thesis either because a meta-analysis of the recent dietary literature already exists!0.1! or
because it was not possible to conduct since too much heterogencity existed between the
studies. The reader is referred to other publications instead.12.13

THE NETHERLANDS COHORT STUDY

In the meta-analyses, no data were available to explore dose-response associations or to
conduct detailed analyses on smoking or drinking characteristics. These results
prompted us to investigate the associations between smoking, fluid consumption, diet,
occupation and bladder cancer incidence in more detail in the ongoing Netherlands
Cohort Study.

In 1986, a large-scale prospective cohort study, the Netherlands Cohort Study on diet
and cancer,'* was initiated among 120,852 men and women aged 55-69 years. The
subjects originated from 204 municipal registries throughout the country. Data
regarding potential risk factors for cancer were collected by means of a self-administered
questionnaire. Follow-up for incident bladder cancer was established by record linkage to
all regional cancer registries in The Netherlands and with the national pathology register
(PALGA). The case cohort approach was used for data processing and analysis. Cases
were enumerated from the entire cohort, while the accumulated person years in the
cohort were estimated from a subcohort sample. Following this approach, a subcohort of
3,500 subjects (1,688 men, 1,812 women) was randomly sampled from the cohort after
the baseline exposure measurement. 619 Incident bladder cancer cases were detected
during a follow-up period of 6.3 years (September 1986 - December 1992).15

OUTLINE OF THE THESIS

Chapter 2 describes a statistical method, which was used to abstract quantitative data
from the component studies in the meta-analyses. In the next three chapters the
epidemiologic literature on smoking (Chapter 3), alcohol consumption (Chapter 4), coffee
and tea consumption (Chapter 5) and bladder cancer incidence are systematically
reviewed in terms of meta-analyses. Thereafter, our findings from the Netherlands Cohort
Study regarding possible associations between the incidence of bladder cancer and active
and environmental tobacco smoking (Chapter 6), alcohol consumption (Chapter 7),
coffee, tea and total fluid consumption {Chapter 8), consumption of vegetables and fruits
(Chapter 9}, retinol, vitamin C, vitamin E, folate and carotenoids intake (Chapter 10),
prediagnostic toenail selenium {Chapter 11}, and occupational exposure to carcinogens
(Chapter 12) are presented. Finally, the findings described in this thesis are discussed in
the epilogue (Chapter 13).
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ABSTRACT

Summary effect measures in meta-analysis of published epidemiological studies are often
based on (adjusted) odds ratios reported for several exposure levels with varying
arrangements and number of levels across studies. Usually only two way contingency tables
together with exposure specific adjusted odds ratios and corresponding standard errors are
presented in articles. An unbiased estimate of exposed versus non-exposed adjusted odds
ratio from summarised dose-response data is proposed. This estimate is based on the
weighted sum of the exposure specific odds ratios, with the prevalences of the control group
as weights. Large sample variance is derived accounting for the dependency between
exposure specific adjusted odds ratios. A summary adjusted odds ratio between studies is
then obtained by using standard methods common in stratified analysis.
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INTRODUCTION

In the last decade there is a rapidly growing interest to systematically review and summarize
results from several homogeneous studies! . Important arguments in favor of meta-analysis
are to investigate potential heterogeneity between different studies, to generalise results of
single studies and the possibility to quantify a summary risk estimate from several published
data. Furthermore, many relevant but statistically non significant results pointing in the
same direction can be pooled into one summary measure with an increase in statistical
power. An example of such conclusion can be found in a recent paper of Zeegers et. al.2 They
have performed a random effects meta-analysis to estimate a summary association between
current alcohol consumption and cancer of the urinary tract. In order to perform that
analysis, odds ratios, unadjusted and adjusted for confounders, were extracted directly from
the primary studies. However, those primary studies present separate adjusted odds ratios
with study specific arrangements and number of levels of the determinant.

A major problem that we often encounter is the lack of agreement regarding how criterion
variables should be operationalised. For example, the increase risk due to alcohol
consumption in the articles Zeegers et al.?2 have reviewed is based on different exposure
comparisons. Some authors compared non-users with current users. Others reported
comparisons between non-users, those who drank only one glass and those who drank two
or more glasses within a given time unit. In most cases, two way contingency tables,
exposure specific adjusted odds ratios and corresponding standard errors or confidence
bounds are the only summary table and statistics presented in the results section of the
primary studies. The lack of consistency across studies makes it difficult to pool study
specific estimates, because they are not directly comparable to each other due to at least
different exposure comparisons. The problem that we are dealing with in this article, is how
to combine odds ratios or adjusted (for confounding) odds ratios measuring different
exposure comparisons into a single odds ratio. Several pooling methods exist in literature.
Greenland and Longnecker3 proposed to use regression methods and to use the weighted
average of all within study regression slopes as a summary estimate. This method has been
applied by others.+5 In some situations, however, the dose-response method is not
recommended. Regarding the study of Zeegers et al.,? for example, in four primary studies
(25 %) the determinant has only two levels. Twelve primary studies (75 %) consists of less
than four drinking levels (the last level is an open category). As Berlin, Longnecker and
Greenland® have pointed out, the estimates of the slopes are highly sensitive to the choice of
method for assigning values to the exposure levels; especially if small numbers of exposure
levels and open categories are involved.

Another way to make effect estimates comparable across studies is to only compare exposed
with non-exposed. Thus by combining the different exposure levels within each study into
one large user level which is to be compared with the reference level. The corresponding
(adjusted) odds ratio for each study is derived from the available exposure specific odds
ratios, standard errors and information from the collapsed two way contingency table. Boyd,
Martin, Noffel, Lockwood and Tritchler,” proposed to average the effect estimates across the
exposure levels. Others have proposed to calculate an estimate ‘at any degree’ based on
weighting the exposure specific effect estimates. Somes8 used the reciprocal of the variance as
a weight for each estimate.

In this article we propose an alternative method that estimates an exposed versus non-
exposed odds ratio from summarised dose-response data. In section two the estimator of
exposed versus non-exposed is defined and the properties of it are discussed. In section three
a large sample variance of the estimator is derived accounting for dependency between
exposure specific adjusted odds ratios. The method is illustrated by means of both
hypothetical and real data in section four. Finally, we end up with some discussion in section
five.
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AN UNBIASED ESTIMATOR OF EXPOSED VERSUS NON-EXPOSED ODDS AT
RESULTS

S X

“i> ON REPGRTED

Many studies, dealing with the relationship between some detorminant and an outcome and
controlling for several confounders, only report exposure specific {adjusted) odds ratios, their
standard errors (or confidence intervals), and a two way contingency table, cross-classifying
the determinant and outcome variables. To be more specific, we first consider the complete
source, based on which the results are presented in the results section of the primary study.
Then, we will point out which information is often not presented. Table 1 shows in general
form the cross-classified table that contains all necessary information.

Table 1. Full information cross-classified table with confounders

Confounder (i) Determinant (j ) Dependent Row total
Case (code 1) Non-casc (code 0)
1 0 Xio1 X100 Nio
1 Xin Xiio nn
K Xix1 Xixo Nk
2 0 Xao Xao0 20
1 Xon X210 N2y
K Xox1 Xako 2K
L 0 Xro1 Xioo o
1 Xun Xiio L
K X1 Xixo Nk

The first column denotes all stratum combinations of one or more confounders.

Let { X1 }i=1,..L ,j=0,..,

is the number of subjects from stratum i and exposure category j, Xjois the number of non-
cases, and Xj is the number of cases from stratum i and exposure category j. The risk p;is

estimated by p,; = —/& Furthermore, let ny = Y2, njo be the number of subjects in the non-
i

. . 1 .
exposed group with corresponding risk p, = —35 Dionio - Denote the odds ratio from
o

by -y
ij . # ,J= 1,..., K. Most papers do not present
l_py piO

full information like table 1. For ease of presentation, this table is often collapsed into a two
way contingency table. Thus, the crude number of cases, say(C; = Py Xy and non cases,

stratum ( and exposure level jas g; =

say NC; = Zf;, Xijo,J=0,..., Kare only presented in the primary study. Denote the estimated

. NCo * C; .
crude odds ratio of exposure category jasg; = —0—& ,J=1,..., K. Often the estimated
NC/' * CO
adjusted odds ratios (}j’«‘/f of all exposure categories j = 1,..., K and their corresponding

standard errors are also presented. Based on the reported results, the problem that we tackle
in this paper is how to estimate the adjusted odds ratio of only the exposed versus the non-
exposed group. Before we go into that in detail, consider first the unadjusted situation.
Let Gexposead De the crude estimated odds ratio of exposed versus non-exposed,
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T e

P

N\

1.€., Uexposed ~

NCo * Y5 ¢,
Co * Zj'\:l/VCj
exposure specific estimated crude odds ratios &; as follows (sce appendix Al),

- It appears, that g, .0 can be represented in terms of the

Sj-NC; * 4

4 1
Sj-NC; .

Qexposed =

Equation (1) shows that the odds ratio of the reduced (into only exposed versus non-exposed)
table can be expressed as a weighted average of the available exposed specific estimated odds
ratios. The weight appears to be just the non-cases of the exposure levels. If the number of
non-cases is constant across exposure levels and not necessarily equal to NCo, then Gexposea

of the reduced table is equal to the average of the exposure specific ;. In many research

situations, however, the distribution of the non-cases across exposure levels is skewed and
the ¢;'s differ from each other.

Two problems arise, if we try to extend the above results to adjusted versions of the odds
ratios. The first problem deals with confounding aspects. In view of the (meta-analysis)
application that we have in mind, the following assumption seems reasonable. Let $ be any

rearrangement of exposure level categories. We assume that the expected stratum (with
respect to the confounders) specific odds ratios are all equal, i.e. E(¢g;)= E((};'f’j), For all

strata i =1,..., L and exposure levels j € . This assumption can be motivated as follows.

Su.ppose that a meta-analysis is performed based on a (large) number of papers dealing with
the same research design. Suppose further, that each paper presents adjusted odds ratios
cuntrolling for, in essence, the same set of covariates. In general, any rearrangement of the
exposure levels, may introduce (but not necessarily) an interaction between the determinant
and the covariates. The fact that, for these studies, exposure specific odds ratios are
presented for different arrangement and number of exposure levels, suggests that the
covariates mentioned in those papers remain confounders irrespective of how the

&’e’ﬁgaosed be any estimator of the adjusted odds ratio,

determinant is classified. Let
comparing only exposed with non-exposed group (reduced table), satisfying
E( ¢ exposea) = E(dggmsed) for all i = 1,..., L, where & exposed 18 an estimator of the stratum
specific odds ratio in the reduced table. It can be shown (appendix A2), that the estimator of
the adjusted odds ratio in the reduced table must satisfy

)= ZueoNC, *E(GY)

E( ~adf
ZJ-E o NC;j

Qexposed (2)
Note that, if ¢%¢ and §; exposed are unbiased estimates of the exposure specific and stratum

specific (adjusted) odds ratios, respectively, then the estimator defined as

ok padf
P - 2jepNC; ™ dj (3)
exposed
Zje @ ch

is also an unbiased estimate of the adjusted odds ratio in the reduced table. This follows
immediately from the definition of confounding, i.e. E(g;) = E(&.‘/“”/), and equality (1) for each

stratum 1. It follows in particular that E(d;’_f/{md):E(&m/m,,)for all i= 1,..., ¢. In many

articles, marginal two way contingency tables are reported as well as exposure specific odds
ratios adjusted for several confounders. Thus in particular, NC; and &‘j'»‘lf for all j are

known. Hence, adjusted odds ratios for the reduced situation can be estimated without bias
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from the reported results of the primary studv. In many cascs, standard errors of the

(logarithm of the) exposure specific adjusted odds ratios are also reported. In that case it is

also possible to estimate the variance of (}_‘(‘,ﬁmscd as will bc shown in the next section.

VARIANCE OF THE ESTIMATED ADJUSTED ODDS RATIO OF EXPOSED VERSUS NON-EXPOSED

A problem that is also mentioned by Greenland and Longnecker3, is the fact that in practice
the odds ratios a;f(’f"s are heavily correlated. Many authors use in their primary study an

adjustment method proposed by Woolf.? Basically the adjustments are made by calculating
the weighted average of the stratum specific odds ratios, which is of the form

(g9 ) =3 w; In a5, (4)

where Z,’;l wy =1. Here, we suppose for ease of presentation that there are K exposure
levels numbered as j = 1,..., K. It can be shown that (appendix A3), asymptotically the

sadj  aadi y —  adj adj L Dim Win r’
COV( amj O Y ) - amj an Y Zi‘—l - T T (S‘J
nio Pio (1-pig ) '

following equation holds.

for all m,n=1,..., K. It should not be difficult for authors of primary studics to calculate the
covariances according to equation (5). Unfortunately, most papers do not report these values.
The quantities win , ®Win and pio are not reported in most cases, so that the covariances can
not be calculated from the results section of the primary studies according to equation (5).
Equation (5) reduces to

. . Un{lj a(i(ii
cov( gl an? ) = —=rTt—, (6)
1o Po (1- Po)

if the crude odds ratio is approximately equal to the adjusted odds ratio. Note that, this
condition is the same as the first assumption mentioned by Greenland and Longnecker.3

Numerical calculations, however, show that equation (6) is a good approximation of equation

~adf

(5). It is now straightforward that the asymptotic variance Of(lexposed is equal to

. nddf —
Va’(ag(jposed) -
2

no Py (1- P())

/ adj adf (7)
2 ( Z_[/?:l NC3 var( d?d] ) + Zm<n NCm NCu (lmlj (ll(l y )

1
( Z;\;; NC;)

In the literature the variance of log transform of the odds ratio is often calculated. The
variance of the odds ratio can be approximated by

var( g5 ) = var(In( g% )) * o’ (8)

It should be noted, that the covariance between two arbitrarily chosen exposure specific
estimated adjusted odds ratios depends on the number of non-exposed subjects and the
probability of a case in the non-exposed group. This is not a surprise, because all covariation
can be explained by the common reference group.
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ILLUSTRATIONS

We have selected two published data that also reported three way contingency tables showing
the relationship between determinant and bladder cancer for cach stratum of a third
factor.’01! For each study, we have calculated the exposure specific (adjusted) odds ratios as
well as the (adjusted) odds ratio of the reduced table. The first study deals with the risk of
coffee consumption for males and females.!? Coffee consumption consists of threc exposure
levels. The second study deals with the risk of smoking for alcohol drinkers and abstainers. !,
Smoking consists of four exposure levels. Table 2 shows some input data that should be
known for the authors of the primary study.

Table 2. Input data known to the author of the primary study

Confounder determinant case Control exp(osure) CcXp. spec. adjusted CXp. spec.
spec(ific} g var(In(g;)) CXp.Spec. g var(in(g%)

Gender Coffee consumption (cups/week} Pujolar et al. 10
Male <1 34 103 1.00 (reference) 1.00 {reference)
2-7 138 326 1.28 0.05 1.23 0.04
8-14 130 294 1.34 0.05 1.31 0.04
215 135 263 1.56 0.05 1.42 0.04
Femalc <1 5 10 1.00 (reference)
2-7 17 37 0.92 0.39
8-14 24 42 1.14 0.37
215 13 38 0.68 0.40
Alcohol Smoking duration (years) Bravo et al.1t
Drinker 0 28 122 1.00 (reference) 1.00 (reference)
<20 24 30 3.49 0.12 3.63 0.09
21-30 50 40 5.45 0.09 5.35 0.07
31-40 125 35 15.56 0.08 15.04 0.07
>40 55 40 5.99 0.09 5.80 0.06
Non-drinker 0 13 47 1.00 (reference)
<20 8 7 4.13 0.37
21-30 14 10 5.06 0.27
31-40 6 2 10.85 0.76
>40 30 20 5.42 0.18
Confounder Determinant Hypothetical data
1 0 7 12 1.00 {reference) 1.00 (reference)
1 20 10 3.43 0.38 3.40 0.18
2 140 30 8.00 0.27 8.00 0.14
3 14 3 8.00 0.63 8.30 0.43
>4 14 21 1.14 0.35 1.20 0.20
2 0 10 18 1.00 (reference)
1 15 8 3.38 0.35
2 40 9 8.00 0.29
3 S 1 9.00 1.36
>4 S 7 1.29 0.50

The last example deals with hypothetical data. These hypothetical data are constructed to
fulfil the assumption of invariance of confounding against any rearrangement of the exposure
categories. Table 3 shows the results of the estimated (adjusted) odds ratios

Bexposed (&Z;gmsed ) when using information only from the collapsed two way contingency table

of disease versus determinant and the exposure specific (adjusted) odds ratios g, (d",’-‘[f) and

the variance of the log transform (Table 2).
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Table 3. Exposed versus non-exposed oddsratio from full data and summaiiscd data

Full data Sumniuised daia

Study Estimated oddsratio Estimated variance Estimated oddsratio  Fstimated viranee

Alexposcs Varn(Qegosed) Aenposed Var (i egoed)
Pujolar et al.10
Adjusted 1.32 0.04 1.32 0.04
Unadjusted 1.32 0.04 1.32 0.04
Max. correlation Gi & 0.78
Bravo et al.!!
Adjusted 6.92 0.04 7.10 0.04
Unadjusted 6.99 0.04 6.99 0.04
Max. correlation & 0.48
Hypothetical data
Adjusted 4.84 0.11 4.94 0.12
Unadjusted 5.02 0.11 5.02 0.12

Max. correlation ¢, ,&; 0.58

The quality of these estimates based on summarised data is related to the estimates based
on full data information. From table 3 it can be concluded, that the estimates based on
summarised data are close to the estimates if full data information were used. Note that, as it
should be according to equation (1), the unadjusted estimates based on summarised data are
exactly equal to the estimates based on full data information. The variances of the summary
measures are calculated by using the approximation given in equation (7). As can be seen
from table 3, these values are close to the 'correct’ variance estimates based on full data
information.

DISCUSSION

If in778dividual data from all studies are available, then many shortcomings of meta-analysis
based on published data are avoidable. More important is the possibility to adjust the
summary odds ratio for confounders using individual data. Unfortunately, meta-analysis
based on individual data has major obstacles. Blettner et al.l noticed that it is more
expensive, time consuming, requires close cooperation between study coordinators and takes
several years to complete.

In this article, a new method is proposed to make adjusted odds ratios across studies more
comparable. The proposed method to combine exposure specific adjusted odds ratio at any
degree within each study is equal to the correct value if the assumption of no interaction
holds irrespective of how the determinant is classified. If interaction exists, the method can
lead to incorrect standardised adjusted odds ratios. If there exists a determinant versus
external variable interaction, however, then the odds ratios should not be adjusted for these
external variables.

Interaction may also appear due to the different stratum specific determinant distribution.
Combining exposure levels may then introduce an interaction between determinant and the
covariate. The fact that, different studies used different arrangements of exposure levels,
suggests that - at least for those studies- such interaction did not exist.

The proposed exposed versus non-exposed measure of the adjusted odds ratio is an unbiased
estimator, given that the estimators of the exposure specific odds ratios in the primary study
are also unbiased. The illustrations on both hypothetical and real data show that, the point
estimate as well as the estimated large sample variance based on summarised data are
almost equal to the correct point estimate and correct estimated variance (if full information
data is used), respectively.
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APPENDIX

Let { Xj1 }i-1,... j-1...x be independent binomials with X~ Bin { ny, py ), where ny = Xio + Xiji

is the number of subjects, Xjo is the number of non-cases, and Xj; is the number of cases

from stratum i and exposure category j. (Table 1) The risk p; is estimated by [Jl.j = i\/ﬂ
hij

Furthermore, let yo = Z,-l;l nio be the number of subjects in the non-exposed group with
. . 1
corresponding risk p, = __21(‘:1 Dio nio - Denote the odds ratio from stratum i and exposure
1o
- Py 1 Oy |
level jas g; = —~— . Ap 0 = =%, j=1,.., K. For the reduced table, let C'; = S Xy and
Py P Oio
NC; = Z,-’;l Xijo. Denote the estimated crude odds ratio of exposure category j as
L NCo * C;
NC; * Co

» @and dexposed @s the crude estimated odds ratio of exposed versus non-

NCo * Zj\;lc,'
Co * Zfﬂ NC;

exposed, 1.€., dexposed =

PROPERTY 1

Let ¢;,j=1,...K be the crude estimated odds ratio of exposure level i relative to the zero
reference level, and dexposea b€ the crude estimated odds ratio of exposed versus non-
exposed. The following equation holds.

YEINC *a,

a q = (A1)
expose: Z—[/(:] NCJ
PROOF
C; * NC . ¢ . o
&j:’—*i foreach j=1,..., K. Hence,Z}‘:l(NCj *a) = NCo Z;'(:I C; - Substitution
Co ® NC; Co
into the formula for Gexposea leads to
NCo 4 <k
- ==l L Ci wx -
R _ NCO*Lﬁ{:JCj _ Co Z',l J_Z_};:lNCj >K(Zj
Jexposed = = = c
T oo *XING, NG TELNC;
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PROPERTY 2

Let @ be any rearrangement of the exposure level categorics in table |. Assume that the
expected stratum (with respect to the confounders) specific odds ratios arc all equal, i.e.

El( ;)= E(&‘,’f{’), For all strata i = 1,..., L and exposure levels j € (. Let (;_if‘)gmml be any

estimator of the adjusted odds ratio, comparing only exposed with non-exposed group

(reduced table), satisfying L( §; exposed) = E(dgif}',osed)for all i=1,.., L, where ¢ oyposea 1S an

estimator of the stratum specific odds ratio in the reduced table. Then, the estimator of the
adjusted odds ratio in the reduced table satisfies

Zje (:)NC‘j * E((TJHIJ)
Z_/E g,;NCj

7 ~adf —
L ( Aexposed )

(A2)

PROOF

Using property Al, the following equalities hold.

E(diu\'p()xu(l) * zj(—,p Xl'/'() = Z[e‘;: Xi/'() * E(&l/) > for all strata 1 =1 7"')L .

Note that Z;‘c‘.:(z;ﬂ 1 Xijo) =2 e, NC ;- Consequently,

Z‘/‘G‘(:) (Zzll Xijo) — ZIII (E(d:'lzﬁpoxetl) # Zje(.» Xij())
Z_ie(u ch Zjep NCJ

nadi — 1 sadi
E(ag;'(;nserl) - E(ag(\';:oxml) *

S e (X * E(dy)) _ S T Xuo * E(65)) _ 3,00 NC ¥ E(&")
Zje(:) NCI Z/‘ep NC/ Zje(:) NC/

PROPERTY 3
Let Ing%=3%",w;Ing; , with 3, w;=/and j=1,.., K

Then asymptotically ( nio =, foralli=1,...,1):

Wim Win

radf  sadj Y — _adi adi L
COV(a:;:} ’ aj; ./) - am[/ U z:‘rl 7 ’
Mio p,’()( - /);(;)

(A3)

for all myn=1,...,K .

N
[\o)
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PROOF

N ~adf  aadi sy Lo s Lo oA, T L A i
Covl G & )= cov(T1 ai T i) = ECL G s V1 G - o o =

3 Lo Ak e -
E(ni;/On‘u i Hz IO::, ‘I_[z I e XH, R ::xd/ (I:d,

A Wi

10 i

L0 ) BT O BT e 1) - ot s =

AW Aw

10 it

E(T1E ,O;;j,; *117 ’) cov(T1E, . [y, o, )

AW
adf (1{//' i0 (0 dj 7/ df i U
O Cn * : : ] _a:;/az” Z:/a:”* ] . 10
2 * L
E(TE— ) E(TIE, ) E(TT —, ) If(rTrv'fju)
l(] 01(7 it i

The property follows by applying the extended version of the §-method (Serfling, 1980,
Theorem A on page 122). According to the central limit theorem we have

. 1 . L
pyis /-\N(pij ,——*pij(l - pl.j)) . A straightforward application of Theorem A leads to

nj
ZL Wi?;x HL 1 L Wim Win l~II 1

,,,,, f= i 2 i< i e

l—[' 1 (f\)n ” lL 1"'7:;”' I niopio(] - pi()) I Oi-(;\"" ﬂi()p.'o(l - pm) ] Oi\?)“m“m
" i AN ( i() i ).

rLI,—‘— l_[ll| . I Wim Win L 1 1 Wi 1 1

3 onr ) | Zi D ¥ . b

O 0 io Py (1- pi()) O ™™ I nio Pio (1 p.o) .“ "

Hence asymptotically,

2\ Wi

cov(IT;, .~ *I1, OA‘,”)

~adi  ~adf adj Il(Ij E3 i0 1()

cov( G " )= a
E(TI: r’:;;j, *E(TIE - A
O Ow’

i0 i0

ud/ ml/ Z - un Wm . L ,,7,],,,,
X i i=/
W W
Rig 1),0 (] [),g) O:"OHH " nd/ adj

T O Oy ZI ! ]
BT ) BT ) o Poll=Po).
Oi” Ow

_ Win Wi
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ABSTRACT

Background: Although narrative reviews have concluded that there is strong support for
an association between cigarette smoking and urinary tract cancer, the association has
never been quantified systematically in reviews. The purpose of this systematic review
was to summarize and quantify the impact of different smoking characteristics (status,
amount, duration, cessation, and age at first exposure) both unadjusted and adjusted for
age and gender.

Methods: The authors included 43 epidemiologic studies (8 cohort and 35 case-control)
and calculated summary odds ratios (SORs) by meta-regression analyses for different
smoking characteristics. They also evaluated changes in summary estimates according to
differences in study methodology.

Results: Smoking status and increased amount and duration of smoking were
associated with a strong increased risk of urinary tract cancer. Smoking cessation and
age at first exposure were negatively associated with the risk of urinary tract cancer. The
age- and gender-adjusted SORs for current and former cigarette smokers compared with
those for nonsmokers were 3.33 (95% confidence interval [CI], 2.63-4.21) and 1.98 (CI,
1.72-2.29), respectively. Even though the component studies differed in methodology, the
results were rather consistent.

Conclusions: The results suggest a substantial increase in risk of cancer of the urinary
tract for cigarette smokers. Based on the results of this study and previous literature, the
authors conclude that current cigarette smokers have an approximately threefold higher
risk of urinary tract cancer than nonsmokers. In Europe, approximately half of urinary
tract cancer cases among males and one-third of cases among females might be
attributable to cigarette smoking.
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Over the last 4 decades, many epidemiologic studies have been conducted to investigate
an association between cigarette smoking and the development of urinary tract cancer.
Currently, a substantial amount of evidence has accumulated in support of a positive
association between cigarette smoking and urinary tract cancer risk. A positive
association has been consistently shown in both men and women in many different
geographic areas. Similar results have been obtained in numerous case-control and
follow-up studies.

Although cigarette smoking explains the occurrence of a greater amount of urinary tract
cancer than does any other known environmental factor (e.g., occupation)! and no other
environmental factor has been shown to confound this association, to our knowledge no
systematic review on the association between several smoking characteristics and
urinary tract cancer has been conducted.

Earlier narrative reviews on cigarette smoking and urinary tract cancer have summarized
the association for current cigarette smoking compared with nonsmokers by estimating a
general relative risk without calculation or systematic collection of data.!9 According to
these narrative reviews, typical cigarette smokers have two to four times the risk of
nonsmokers. Most narrative reviews suggested that the risk of urinary tract cancer
increases with the number of cigarettes regularly smoked.!3-11

The magnitude of the effects of other cigarette smoking characteristics (e.g., smoking
duration and cessation or age at first exposure) also has not been systematically
reviewed. Although duration of smoking has been evaluated less often than intensity,
somc narrative reviews reported an unquantified positive dose-response relation.3.56
According to some reviews, former cigarette smokers seem to have a reduced incidence of
urinary tract cancer as compared with current smokers.*8.11 Age at first exposure to
smoking has been reported only occasionally in narrative reviews of cigarette smoking
and urinary tract cancer.

The purpose of the current study was to review all epidemiologic studies from 1966 to
December 2000 more systematically; to provide quantitative summary estimates of the
risk of urinary tract cancer with emphasis on smoking status, duration, amount,
cessation, and age at first exposure based on these studies; and to evaluate changes in
summary estimates according to differences in study methodology.

METHODS

Search strategy. The study design has been published previously.!? Epidemiologic studies
were identified through a computerized MEDLINE, CANCERLIT, and Current Contents
searches for follow-up and case-control studies published until December 2000. The
keywords used were urolo*, bladder, cyst*, vesic*, kidney, glomerul*, nephr*, pyel*, renal,
ureteral, urethral, transitional cell, cancer, carcino*, tumo*, neoplasm®*, onco*, risk,
etiology, epidemiology, and caus*. References cited in published original and review
articles were examined further. For inclusion in this analysis, the articles had to provide
sufficient information to estimate a summary odds ratio and the associated standard
error of incident primary urinary tract cancer for at least one of the following cigarette
smoking characteristics: cigarette smoking status, average daily cigarette consumption,
total duration of cigarette consumption, number of years since cessation, and age at first
exposure of smoking. Urinary tract cancer was defined as cancer of the renal pelvis,
ureter, urinary bladder, or urethra.

Data collection. We developed a criteria list for the assessment of quality items (study
characteristics) in observational cancer research. This list is used to provide covariables
for inclusion in meta-regression models to explore reasons for observed heterogeneity in
results between observational studies. The criteria list has been validated on published
articles on alcohol intake associated with bladder cancer through consensus meetings
with experts on the fields of cancer and meta-analysis. The list calls for the following:
general information - year of publication, research design (case-control study, follow-up
study, other, unknown), and geographic area (Europe, United States, Asia, Africa,
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unknown); exposure information - exposure measurcment (personal interview, telephone
interview, questionnaire, medical records, other, unknown), traincd interviewer (yes, no,
not applicable [n/a], unknown), validation exposure mecasurement (ycs, no, unknown),
and reference period (number of years, lifetime, unknown); case information - sourcc
cases (hospital, population, other, unknown), site carcinoma (renal pelvis, urcter, urinary
bladder, urethra, urinary tract, unknown), histological confirmation cases (yes, no,
unknown), and percentage transitional cell tumors case-control study information -
source controls (hospital, population, neighborhood, other, n/a, unknown), response rate
(percentage, n/a, unknown), and blinding of case status (ves, no, n/a, unknowny); follow-
up study information - source study population (volunteer, population, other, n/a,
unknown), years of follow-up (number of years, n/a, unknown), blinding of exposure
status (yes, no, n/a, unknown), and completeness of follow-up (percentage, n/a,
unknown).

We extracted data allowing us to calculate both unadjusted and adjusted odds ratios to
estimate the association between cigarette smoking and the risk of urinary tract cancer.
We constructed two-way contingency tables for each study, based on exposure frequency
distributions, to calculate the unadjusted odds ratios. Adjusted odds ratios were
extracted directly from the original reports. Because we considered age and gender to be
the most important confounding variables, the authors of the original articles had to
have adjusted for at least these two variables for inclusion in the calculation of adjusted
summary estimates. If studies reported gender-stratified age-adjusted odds ratios, we
combined these estimates by calculating age- and gender-adjusted odds ratios,!3 because
from both theoretically and statistically points of view, gender is probably a confounder
in the association between cigarette smoking and bladder cancer. For studies that
reported separate adjusted odds ratios for several exposure strata, we combined the
exposure specific odds ratios by using the prevalence of the noncases as weight.14
Summary odds ratios were calculated for smoking status {non, former, and current
smoker), smoking amount (0, 1-20, and >20 cigarettes/day), smoking duration (<20 and
>20 years), smoking cessation (>10, and <10 years) and age at first exposure of smoking
(>20 and <20 years). Unfortunately, most component studies did not include
simultaneously different smoking characteristics in a regression model to estimate the
impact of cigarette smoking status, amount, duration, and age at first exposure solely.

Statistical analysis. To detect publication or related biases, we explored heterogeneity in
funnel plots, i.e., plots of effect estimates against their estimated precision (reciprocal of
the variance).’s We examined funnel plot asymmetry visually and measured the degree of
asymmetry by using Egger’s unweighted regression asymmetry test.16 If a study has
appeared in more than one publication, data from the last publication were used for
statistical analysis. We estimated the summary odds ratios and corresponding 95%
confidence intervals (Cls} with random effects meta regression analysis by using the
Stata statistical software.!” The between-study variance was estimated iteratively, by
using the empiric Bayes method.’®8 We analyzed the results for men and women both
separately and combined, depending on available data in the original studies. To explore
reasons for the observed heterogeneity, we performed sensitivity analyses on study
characteristics and tested their influence on the association between current cigarette
smoking and urinary tract cancer. We estimated the population attributable risk of
urinary tract cancer for men and women based on the proportion of cigarette smokers in
the European Union and the results of the current meta-analysis.
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Table 1. Study characteristics of published epidemiologic studies concornin g

ishe e of S1e urinary
tract, ordered by year of publication
Ref.  First author Year Country Anatomic Study design Cigarette
site e smoking
assesiment
Cohort Case-control study
study

Case source  Control source

{19) Dunham 1968 us Bladder - Both Hospital Interview

(20)  Anthony 1970 UK Bladder - Hospital Hospital Interview

(21)  Tyrrell 1971 Ireland Bladder - Hospital Hospital Interview

(22)  Armstrong 1976 UK Renal pelvis - Hospital Hospital Interview

(23)  Miller 1977 Canada Bladder - Population Population* Interview

(24)a Wynder 1977 us Bladder - Hospital Hospital Interview

(25) Tola 1980 Finland Bladder - Population Hospital Questionnaire!
(26)b  Vineis 1981 Italy Bladder - Hospital Hospital Interview

(27)b  Vineis 1983 Italy Urinary tractt - Hospital Hospital Interview

(28)b  Vineis 1984 Italy Bladder - Hospital Hospital Interview

(29) Morrison 1984 US/UK/Japan  Urinary tract - Hospital Population Interview

(30)c  HMHartge 1985 us Bladder - Population Population Interview

{31)c Marret 1985 uUs Bladder - Population Population Interview

(32)  Rebekalos 1985 Greece Bladder - Hospital Hospital Interview

(33)b  Vineis 1985 Italy Bladder - Hospital Hospital Interview

(34)a Wynder 1985 us Bladder - Hospital Hospital Interview

{35) Bravo 1986 Spain Urinay tract? - Hospital Hospital Questionnairet
(36) Brownson 1987 uUs Bladder - Population Hospital Questionnaire*
{37)c Hartge 1987 Us Bladder - Population Population Interview

{38)b Vineis 1988 Italy Bladder - Hospital Hospital Interview

{39)c Slatterly 1988 uUs Bladder - Population Population Interview

(40)  Steineck 1988 Sweden Urinary tract:  Yes - - Questionnaire!
(41)a  Augustine 1988 us Bladder - Hospital Hospital Interview

(42)d La Vecchia 1989  Italy Bladder - Hospital Hospital Interview

(43) Burch 1989 Canada Bladder - Both Population Interview

(44)  Heclzlsouer 1989 us Bladder Yes - - Questionnaire*
(45)e  Clavel 1989 France Bladder - Hospital Hospital Interview

(46) Ross 1989 us Renal pelvis§ - Population Neighborhood  Interview

(47)d D’Avanzo 1990 Italy Bladder - Hospital Hospital Interview

(48)c Hartge 1990 us Bladder - Population Population Interview

(49) lyer 1990 uUs Bladder - Hospital Hospital Interview

(50)a Harris 1990 uUs Bladder - Hospital Hospital Interview

(51)d La Vecchia 1991 Italy Bladder - Hospital Hospital Interview

(52) Mills 1991 us Bladder Yes - - Questionnaire'
(53) lopez-Abente 1991 Spain Bladder - Hospital Both Interview

(54) De Stefani 1991 Uruguay Bladder - Hospital Hospital Interview

(55) Burns 1991 us Bladder - Population Hospitat Interview

(56)d D’Avanzo 1992 Italy Bladder - Hospital Hospital Interview

(57) Kunze 1992 Germany Urinary tract? - Hospital Hospital Interview

(58) McLaughlin 1992 us Renal pelviss - Population Population Interview

{59)e Cordier 1993 France Bladder - Hospital Hospital Interview

{60) Chyou 1993 us Urinary tractt Yes - - Interview

(61) Hayes 1993 us Urinary tract! - Hospital Population Interview

(62)  Sorahan 1994 UK Urinary tract} - Population Both™ Questionnaire”
(63)d Barbeone 1994 Italy Bladder - Hospital Hospital interview

(64)  Vizcaino 1994 Zimbabwe Bladder - Population Hospital Interview

(65) Momas 1994 France Bladder - Population Population Interview

(66)c  Sturgeon 1994 us Bladder - Population Population Interview

(67) Tremblay 1995 Canada Bladder Yes - - Medical files
(68)d D’'Avanzo 1995 Italy Bladder - Hospital Hospital Interview

(69)  McCarthy 1995 US Bladder Yes - - Questionnaire*
(70)  Murata 1996  Japan Bladder Yes - - Questionnaire’
(71) Bruemmer 1996 Us Bladder - Population Population Both

(72)  Engeland 1996 Norwegen Urinary tractt  Yes - - Questionnaire*
(73) Bedwani 1997 Egypt Bladder - Hospital Hospital Interview

(74) Donato 1997 Italy Bladder - Hospital Hospital Interview

(75)  Teschke 1997 Canada Bladder - Population Population Interview

(76) Sorahan 1998 us Urinary tract? - Hospital Hospital Questionnaire*
(77)  Koivusalo 1998 Finland Bladder - Population Population Questionnaire*

‘and neighborhood

self-administered questionnaire

tincludes bladder carcinoma and at least onc other urinary tract cancer
sand ureter

** only data from population controls were used

aegame study has appeared in more than one publication
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RESULTS

Study Characteristics. We identified 59 articles reporting follow-up or casc-cenirol
studies on cigarette smoking and incident urinary tract cancer published between 1968
and 19981977 (Table 1). Generally, the association between cigarette smoking and urinary
tract cancer was not the main research hypothesis. Eighteen articles were excluded from
the analyses because the same study appeared in publications that werc more recent.
The remaining 41 articles described 8 follow-up studies?0.44.52,6067.69.70.72 and 35 case-
control studies. 9-23:2529,32.35.36,4143.46.49,60,53.55,57-59,61,62,64 66.68.71.73.77 One case-control study
that provided separate associations for parts of the study performed in the United States,
United Kingdom, and Japan was considered as three separate studies.? The case-control
studies were population-based (n=12),23:29.43558616566,71,7577 hospital-based (n=20},19 22
25.32,35,36,38,49,50,54,55,57,59,64.68.73,74,76 or neighborhood-based (n=1).46 Two case-control studies
used both population- and hospital-based controls.53.62 The controls in most hospital-
based case-control studies did not have any smoking-related disease. The case-control
studies also varied with regard to their criteria of case selection. Thirteen case-control
studies identified cancer cases in defined populations.23:25.36,46,55,58,62.64-66,71.75,77 Twenty
case-control studies selected cases from hospitals,20-22,29.32,35,38,49,50,53,54,57,59,61,68,73, 74,76 gnd
two case-control studies used both populations and hospitals.!943 Information on
cigarette smoking was obtained by interview (n=29),19-23,29.32,38.43,46,49.50, 53-55,57-61,64-66,68,73-75
self-administered questionnaire (n=12)2535364044,52,62.69,70,72,76,77 or both techniques
(n=1).7* One follow-up study used medical files to obtain data on cigarette smoking.67
Some studies included all neoplasms of the urinary tract as cases, of which greater than
90% were found to involve bladder cancer (n=11).29.3540,57,60-62,7276 Other studies defined
case status by incident bladder cancer (n:29))19 21,23,25,32,36,38,43 44, 49,50,52-55,59,64-71,73-75,77
carcinomas of the renal pelvis (n=1)22 or carcinomas of renal pelvis and ureter combined
(n=2).16.58 Most studies used histologically confirmed cases with transitional cell
carcinomas (Table 1).
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Figure 1. Funnel plot for current cigarette smokers compared with nonsmokers is shown. Dashed and solid reference
lines indicate no effect and total summary odds ratio, respectively
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