
THE EPIDEMIOLOGY OF BLADDER CANCER 
A Second Look 

ERNST L. WYNDER, MD, AND ROBERT GOLDSMITH, MS 

A case-control study among 574 male and 158 female bladder cancer patients 
and equal numbers of matched controls w a s  conducted between 1969 and 1974 
in 17 hospitals in six United States cities. We determined that cigarette smokers 
of both sexes were at higher relative risk than nonsmokers. Cigarette smoking 
was responsible for about one-half of male and one-third of female bladder 
cancer. There was an excess of bladder cancer patients with some previous 
occupational exposure, such as rubber, chemicals, and textiles. A weak associa- 
tion with coffee drinking, which appeared to be independent of smoking, was 
found for males. Users of artificial sweetners were not over-represented among 
the cases. The authors conclude that the epidemiologic pattern of bladder 
cancer cannot be fully accounted for by cigarette smoking and occupational 
exposure and suggest a series of metabolic studies to assess the role of additional 
factors, such as nutrition. 

Conc~r 40:1246-1268, 1977. 

N 1963 WE REPORTED A CASE-CONTROL STUDY I on the epidemiology of bladder cancer. The 
current study represents a “second look’’ at 
bladder cancer based on patient population data 
collected some 15 years after the first report. 
The purpose of this report is twofold: to deter- 
mine evidence from a newer data set that deviate 
from or support that of earlier investigations, 
and to determine whether such data could ac- 
count for the current incidence pattern of blad- 
der cancer. 

DEMOGRAPHIC FACTORS OF BLADDER CANCER 
International Differences 

Table 1 shows the mortality rate of bladder 
cancer by sex as recorded by Segi for various 
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countries. lo’ In nearly every country bladder 
cancer predominates in men, suggesting 
etiological factors that occur more in men than 
in women. One notable exception, not tabulated 
by Segi, is Egypt, where both men and women 
are exposed to Schtstosoma haematobtum while 
working in the fields and therefore, experience 
similar risks of bilharzial bladder cancer. Sim- 
ilar findings can be shown in terms of incidence 
data (Table 2). Clearly, there are populations 
among whom the incidence rate is less than 1 
per 100,000, demonstrating-if these rates are 
real-the important role of environmental fac- 
tors. 

Intra-Country Differences 

According to distribution by county in the 
United States, bladder cancer mortality ap- 
pears to be more common in the more industri- 
alized cities.” For men, New York City, New 
Jersey, New England, and industrialized areas 
bordering the Great Lakes show comparatively 
high bladder cancer mortality. Rates for women 
are high in some areas of New England and near 
the Great Lakes. It is unlikely that differential 
reporting would fully account for this pattern. 

Time Trends 
United States data, exemplifed by those from 

Connecticut (Table 3), show little change in 
incidence among women since 1964, although 
there does appear to be some increase among 
males. Mortality trends for the same time period 
show no consistent trend for either sex (Table 
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4). Three-year and 5-year survival rates since 
1950 have shown gradual but consistent increase 
in both sexes. A recent report shows 63% of male 
and 60% of female bladder cancer patients sur- 
viving 3 years after diagnosis; corresponding 5- 
year rates were 57% and 56%." 

Racial Differences 
In the U.S., bladder cancer occurs nearly 

twice as frequently in white men as in black 
men, while the rate for white women is 44% 
greater than black women. lo' The higher white 
rate is surprising, in view of higher mortality 
now reported for lung cancer in blacks, if indeed 
both diseases relate to smoking. Of interest is 
that the ratio of white-to-black mortality rates 
appears to be much lower than the ratio of in- 
cidence rates. Differentials in staging at diag- 
nosis, treatment and survival are possible ex- 
planations of this phenomenon. Such differences 
have been reported and reveal: 1) 75% of cancers 
of the bladder were diagnosed as localized in 
whites, compared with 50% in Blacks; 2) more 
than twice as many black patients received no 
definitive treatment; and 3) the differential in 5- 
year survival rate between blacks and whites 
was larger for bladder cancer than for any site 
reported, 28% for blacks compared to 56% for 
whites. In all likelihood, these rates accurately 
reflect the situation and partially account for the 

TABLE 1. Age-Adjusted* Mortality Rates for Malignant 
Neoplasms of the Bladder and Other Urinary Organs by 

Sex 1966-1967 (per 100,000 Population) 

Country Male Female M : F  

South Africa 7.91 1.65 4.8 
England and Wales 7.61 2.04 3.7 
Denmark 7.28 2.35 3.1 
Scotland 7.11 2.45 2.9 
Belgium 6.45 1.63 4.0 
Netherlands 5.94 1.72 3.5 
Israel 5.61 1.50 3.7 
Italy 5.61 1.16 4.8 
Canada 5.45 1.78 3.1 
U.S. (White) 5.11 1.66 3.1 
France 5.10 1.27 4.0 
Northern Ireland 4.93 1.63 3.0 
New Zealand 4.90 1.18 4.2 
Switzerland 4.88 1.44 3.4 
Australia 4.83 1.57 3.1 
Finland 4.73 1.29 3.7 
U.S. (Non-White) 4.55 2.70 1.7 
Sweden 3.95 1.43 2.8 
Ireland 3.49 1.49 2.3 
Japan 2.38 1.09 2.2 

Data from Segi, 1972. '01 

* 1950 Standard. 

TABLE 2. Age-Adjusted Incidence Rates for Malignant 
Neoplasms of the Bladder, by Sex (per 100,000 Population) 

Country Male Female M : F  

England & Wales, Liverpool 
U.S.A., Connecticut 
Israel: Jews 
Scotland 
Canada, Alberta 
Colombia, Cali 
Sweden 
South Africa, Cape Prov.: 

White 
South Africa, Cape Prov. : 

Non-White 
Puerto Rico 
Finland 
Norway 
Israel: Non-Jews 
Canada, Newfoundland 
Yugoslavia, Slovenia 
.Japan, Miyagi 
Poland, Katowice 
Hungary, Vas 
India, Bombay 
New Zealand, Maori 

21.1 3.5 
19.9 5.9 
11.9 3.0 
11.4 3.5 
10.9 3.6 
10.6 3.4 
9.8 3.5 

9.6 3.0 

8.6 2.0 
7.6 3.1 
7.4 1.6 
6.2 2.2 
6.1 0.2 
5.7 2.5 
5.3 1.2 
4.7 1.6 
4.6 0.9 
2.8 0.8 
2.3 0.8 
0.9 3.0 

6.0 
3.4 
4.0 
3.3 
3.0 
3.1 
2.8 

3.2 

4.3 
2.5 
4.6 
2.8 

30.5 
2.3 
4.4 
2.9 
5.1 
3.5 
2.9 
0.3 

~~ 

Data from Doll, Muri, Waterhouse, 1970.M 

disparity between race ratios of incidence and 
mortality rates.' 

PREVIOUS STUDIES 
Tobacco 

In our early study we found significantly more 
cigarette smokers and more heavy cigarette 
smokers among bladder cancer cases than con- 
trols. ''' Cigarette smokers had a relative risk of 
bladder cancer four times that of nonsmokers. 
Little or no increased risk among pipe or cigar 
smokers was determined. 

TABLE 3. Crude and Age-Adjusted Incidence Rates by Sex 
Connecticut: 1963-1973 (per 100,000 Population) 

Male Female 
Age- Age- 

Year Crude Adjusted Crude Adjusted M :F 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

19.9 19.3 7.5 6.4 3.0 
24.5 23.5 8.3 6.9 3.4 
25.8 24.7 8.6 6.9 3.6 
25.4 24.3 7.5 6.1 4.0 
24.3 23.2 7.8 6.2 3.7 
22.8 21.6 7.8 6.2 3.5 
23.2 21.8 7.3 6.0 3.6 
23.6 23.4 8.5 6.4 3.7 
24.0 23.5 8.1 6.5 3.6 
25.9 25.0 8.7 6.7 3.7 
27.2 25.9 8.6 6.6 3.9 

Data from Cancer in Connecticut.aa 
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TABLE 4. Crude and Age-Adjusted (U.S. 1950) Mortality 
Rates by Sex, Connecticut, 1963-1972 

(per 100,000 Population) 

Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

Male 

Crude adjusted 

6.5 6.2 
6.1 5.8 
6.1 5.7 
8.3 7.8 
7.5 7.0 
7.6 7.0 
6.0 5.4 
6.4 6.2 
6.1 5.9 
8.0 7.6 

Age- 
Female 

Crude adjusted 
Age- 

2.4 1.9 
2.4 1.8 
3.1 2.2 
3.0 2.3 
2.9 2.2 
2.8 2.1 
1.8 1.2 
2.2 1 .5  
2.2 1.6 
3.6 2.4 

M : F  

3.3 
3.2 
2.6 
3.4 
3.2 
3.8 
4.5 
4.1 
3.7 
3.2 

Data from Cancer in C o n n e c t i ~ u t . ~ ~  

Several subsequent retrospective and prospec- 
tive studies have reported similar associations 
between cigarette smoking and bladder cancer. 
Results of such studies are summarized in Table 
5. 

Two studies, however, failed to confirm an 
association of bladder cancer with cigarette 
smoking. In  a study of 493 bladder cancer pa- 
tients and 527 controls, no statistically signifi- 
cant correlation was found between cigarette 
usage and bladder cancer. This finding was evi- 
dent for both sexes, although a larger percentage 
of male cases used some type of tobacco product 
than did male contr01s.'~ It is possible that the 
reported failure to interview 28.7% of the total 
cases could account for these findings. 

Similarly, no relationship was found between 
smoking and bladder cancer in a British study of 
381 male bladder tumor patients and 275 surgi- 
cal controls. However, various methodological 
problems described by Cole could be respon- 
sible for inconsistencies in this report." 

Two population studies support the existence 
of a relationship between cigarette smoking and 
bladder cancer. Lea's correlation of inter- 
national age-adjusted mortality rates from can- 
cer of the lung, bronchus and trachea with can- 
cer of the bladder and other urinary organs gives 
an interesting perspective on the relationship. 
For 20 countries, the mortality rates correlate 
quite strongly (r = 0.854, p < .001) suggesting a 
common etiology in lung and bladder cancer. 
Fraumeni et al. report a high correlation be- 
tween bladder cancer mortality and per capita 
cigarette sales in the Unites States (r = 0.73).44 
This correlation approximates that of lung can- 
cer mortality (0.71) and is in direct contrast to 
-0.06 for leukemia. 

Both indirect and direct roles for tobacco in 

the etiology of bladder cancer have been pre- 
sented. Several studies have reported an aber- 
ration of tryptophan metabolism in cigarette 
smokers, resulting in higher concentrations of 
carcinogenic tryptophan metabolites such as 
hydroxyanthranilic acid and hydroxykynuren- 
ine in the urine."*" A direct effect of cigarette 
smoke constituents and/or their metabolites on 
the bladder may be indicated by the presence of 
the potent bladder carcinogen, 2-naphthyla- 
mine, in the smoke.S6 Opinion varies as to 
whether available quantities are sufficient for 
induction of neoplastic growth. Doll reports the 
presence of 2-naphthylamine, an indicator for 
carcinogenic aromatic amines, in cigarette 
smoke to be of etiologic significance. " A variety 
of nitrosamines have also been identified in ciga- 
rette smoke. 64 Although the type that has been 
experimentally shown to induce cancer of the 
bladder has not been found, tobacco and to- 
bacco smoke have been shown to contain nit- 
rosamines which derive from nicotine and are 
suspected to be bladder carcinogens.6a 

Occupation 
Since 1895 when Rehn demonstrated the in- 

creased risk of bladder cancer in dye industry 
employees, several industrially used aromatic 
amines, 1-naphthylamine, * 4-aminobiphenyl, 
benzidine, 2-naphthylamine and 4-nitrobiphe- 
nyl, have been identified as bladder carcinogens. 
Workers in the textile, printing, plastic, rubber 
and cable industries also have been found to be 
at elevated risk for bladder cancer, although the 
specific chemical carcinogens have not yet been 

Our earlier bladder cancer study indicated an 
excess of cases employed in occupations in- 
volving dyestuffs, metals, coal, fabrics, and 
leather. Associations between these occupations 
and risk for bladder cancer have been confirmed 

tional occupations associated with increased 
bladder cancer risk include nurses, electricians 
and engineers,' male leather, paint and rubber 
workers, and machinery and automobile man- 
ufacturers.'2-81 Further evidence implicating var- 
ious occupational exposure in the development 
of bladder cancer is reported in a study by 
Veys. ''l By reviewing detailed occupational his- 
tories of bladder cancer patients, Veys suggests 
that approximately 20% of those dying from 
bladder cancer may have had an occupational 
exposure related to dyes, rubber, tar or metal. 

fully determined. %22.31.40,62,81.118 

in subsequent investigations.S~So~S'~'o~"8 Add' I- 

* Technical 1-naphthylamine contains as an impurity, 2- 
naphthylamine, and is not thought to be carcinogenic, per se. 
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Hoover and Cole determined that the highest 
risk for the appearance of bladder cancer occurs 
40-50 years after exposure to industrial carcino- 
gem6 '  They also report no higher risk for men 
first employed in hazardous occupations after 
the age of 25 years, in apparent contrast to that 
reported by Case et aLZ0 Case et al. have shown 
an 18-year incubation period for bladder cancer 
after exposure to dyestuff chemicals, although 
apparently as little as 2 years exposure in high 
risk industries can initiate the development of 
bladder tumors. According to Cole, longer ex- 
posure does not appear to increase the risk sub- 
stantially, but may result in a shorter latency 
period. 

An examination of the bladder cancer mortal- 
ity pattern in the United States reveals clues to 
other high risk industries. 6z*Bo Particularly inter- 
esting is Salem County, New Jersey, where 25% 
of the male work force is employed in chemical 
industries, which has the highest bladder cancer 
mortality rate for white males of any U.S. 
county. 

Other Factors 
The contribution of other factors to the in- 

cidence of carcinoma of the bladder has not yet 
been fully determined, although several factors 
may play a role in its etiology. Most studied 

among these factors are cigarette smoking and 
coffee drinking. Although Cole has determined a 
somewhat elevated risk for women drinking 
more than one cup of coffee a day, no dose- 
response relationship was demonstrated. '' Bross 
and Tidings observed an absence of persons 
drinking little or no coffee among bladder cancer 
patients, compared with controls, but also found 
no clear dose-response relationship. lo Although 
inconsistencies with respect to race-sex groups 
were found in a study in New Orleans, these 
data generally supported Cole's findings, 'O and 
the researchers were also unable to find a clear 
dose-response relationship. '' It is generally 
agreed that a causal relationship has not been 
firmly established and that the associations may 
be indirect or noncausal, relating instead to 
other characteristics of persons who habitually 
drink coffee. 

In  addition to the above, the relationship be- 
tween the use of nonnutritive sweeteners and 
bladder cancer has been investigated. Kessler 
found no significant differences in amount, du- 
ration or frequency of nonnutritive sweetener 
use between 209 bladder cancer cases and 
matched cancer-free controls. These results 
were unaffected by adjustment for cigarette 
smoking and use by diabetics, a population 
more likely than the general public to use arti- 

TABLE 5. Review of Literature on Smoking and Bladder Cancer (Reported Since 1963) 

Retrospective Studies 
Relative risk 

Years of smokers : No. of Subjects 
Country study Authors nonsmokers cases controls Study population 

USA 
USA 
Poland 
USA 

UK 
USA 

USA 
Egypt 

Canada 

Austria 

1957-60 
1951-61 
1958-64 
1958-64 

1958-67 
1967-68 

1965-71 
1966-7 1 

1972-73 

1972-75 

Wynder ef al. 
Cobb & Ansell" 
Staszavski"" 
Dunham ef aLQ 

Anthony & Thomas' 
Cole e l  al. 

Simon et al."' 
Makhyoun'' 

Morgan & Jain'" 

Flamm et al." 

3.58 
7.32 
2.7 
1.4' 
1.28 
<1  
1.9 
2.0 
1.6 
1.3" 
1.7 
6.4' 
4.4' 
1.6 

3.0 

300 
131 
150 
334 
159 
38 1 
360 
108 
135 
278 

87 
158 
74 

150 

40 

300 
120 
750 
350 
177 
275 
38 1 
117 
390 
278 
87 

158 
74 
- 

Male patients 
Male V.A. hosp. patients 
Male patients 
Male patients 
Female patients 
Male patients 
Male patients 
Female patients 
Female patients 
Bilharzial male patients 
Nonbilharzial male patients 
Male patients 
Female patients 
Male patients; Austrian 

population controls 
Female patients; Austrian 

population controls 

Prospective studies 
USA 1954-62 Kahnm 2.2 248,195 99% white male veterans 
USA 1954-62 Weir & Dunn"' 2.9 68,153 Male labor union numbers 
USA 1959-63 Hammond" 2.0 920,002 Males ages 45-64 yr 

3.0 Males ages 65-79 yr 

* Recalculated from author's data. 
+ Heavy smokers ( 2 2 5  cigarettes per day) compared with non-smokers. 
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TABLE 6. Review of the Literature Concerning Coffee Consumption and Bladder Cancer 

Risk for 
coffee drinkers 

compared 
Type of standardization with non- 

Year Author Sample size Study population for cigarette smoking drinkers 

1971 Cole" 345 cases 
351 controls 

1971 Fraumeni, Scotto 
and Dunham'' 

1973 Bross and Tidings" 

1974 Morgan and Jain" 

1975 Simon, Yen and 
Cole'o* 

100 cases 
100 controls 
334 cases 
350 controls 

159 cases 
179 controls 
360 cases 

1187 controls 

120 cases 
1482 controls 
240 cases 
310 controls 

124 cases 
160 controls 

135 cases 
390 controls 

Males, 20-89 yrs with 
malignancies of lower 
urinary tract & age 
matched random 
sample population 
controls. 

Females, as above 

Males, bladder tumor 
patients and non- 
cancer controls. 

Females, as above 

Coffee consumption 
analyzed within three 
categories of maximum 
daily cigarette consump- 
tion: nonsmokers, I % 
ppd, >% ppd. 

Same as above 

Risk adjusted for smok- 
ing but method not 
given. 

,Males, bladder cancer 
patients and non- 
cancer controls. 

Females, as above 

Males, bladder cancer 
patients and B.P.H. 
controls. 

Females, bladder cancer 
patients and stress 
incontinence controls 

urinary tract cancer. 
Females, with lower 

Risk adjusted for smok- 
ing but method not 
given. 

Coffee intake examined 
for smokers and non- 
smokers separately. 

Coffee consumption 
analyzed within two 
categories of daily 
cigarette consumption. 

1.2 

2.6 

2.0 

1.2 

1 . 5  

0 .8  

1.7 

0.7 

2.1 

ficial sweeteners. " In an earlier prospective 
study of diabetics, he also found no increased 
mortality from bladder cancer in this group.aa 
Armstrong and Doll recently reviewed death 
certificates of 18,733 persons dying from cancer 
of the bladder and 19,709 controls (persons with 
other cancers, excluding lung and pancreas).' 
Again, no excess risk of death from bladder can- 
cer among diabetics was determined (RR = 1.0) 
Data from the Boston Collaborative Drug Sur- 
veillance Program suggest that although ciga- 
rette smoking is less often found in diabetics 
than nondiabetics, the difference between the 
groups is small and would not result in large 
confounding effects. 

For more than half a century the relationship 
between infection by Schistosoma haematobium and 
bladder cancer has been known.lB Although re- 
liable incidence data are difficult to obtain from 
countries in which this infection is endemic, the 
proportional incidence of bladder cancer ap- 
pears to be high in these areas." In Egypt, for 
example, bladder cancer is the most common 
malignant neoplasm among males." Further 

evidence of this relationship is found in the data 
indicating that in these areas a greater propor- 
tion of the bladder tumors are squamous cell 
tumors. In areas without endemic Schistosoma 
haematobium infection, most bladder tumors are 
comprised of transitional cells.s0 

Ingestion of bracken fern by cows in Turkey 
has been found to cause bladder cancer in these 
animals. Whether the carcinogen contained 
in the fern can affect humans who drink milk 
from these cows has not been established, nor 
has any adverse effect been determined in rela- 
tion to human consumption of the fern. 

In our previous study, we observed 14 bladder 
cancer patients with a history of bladder stones, 
verses the three we expected. However, since 
then little support has been given to suggestions 
of increased risk due to bladder stones or to one 
of their suspected causes, urine stasis. In  fact, 
no other bladder disease, except for bilharziasis, 
has so far been linked to bladder cancer. 

Some evidence has been reported supporting 
a possible viral etiology in bladder cancer.s0 Al- 
though a recent experiment isolated an RNA 
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virus from bladder tumors, the causative role of 
such a virus in the pathogenesis of bladder carci- 
noma is speculative. 'l 

Pelvic irradiation has been found to increase 
the risk of bladder cancer in females." Cole 
suggested a doubling of bladder cancer risk for 
women exposed to pelvic irradiation.8o 

The correlation between various nutritional 
factors and bladder cancer has been calculated 
by Armstrong and Doll. The highest correlation 
(0.66) was found for bladder cancer mortality 
rates and per capita consumption of fats and 
oils. 

METHODS 

From 1969 to 1974, patients were interviewed 
in 17 hospitals located in six United States cities. 
Most of the patients (46%) were fro& Memorial 
Hospital in New York City and increasingly 
smaller percentages from Houston, M.D. An- 
derson Hospital; Los Angeles, UCLA Hospital, 
USC-LAC Medical Center, Santa Monica Hos- 
pital; Miami, Jackson Memorial Hospital, 
Miami V.A. Hospital, Miami Heart Institute; 
Birmingham, University Hospital, Birmingham 
V.A. Hospital; New Orleans, New Orleans 
V.A. Hospital; and other New York City hospi- 
tals: Mount Sinai, Metropolitan, St. Luke's, 
Delafield, Manhattan V.A. ' 

Data were collected by trained research inter- 
viewers from patients with histologically con- 
firmed diagnoses of diseases suspected of being 
tobacco and/or alcohol-related and from 
matched controls. Control patients had no pre- 
vious or present history of a tobacco-related con- 
dition and were matched to the case by sex, 
race, hospital status and age at diagnosis within 
a 5-year span. Consent was obtained from the 
patient and his/ her physician before conducting 
the interview and examining the patient's medi- 
cal records. During the study, less than 4% of 
applicable patients a year refused or were 
unable to be interviewed. Data from the ques- 
tionnaires were keypunched to cards and trans- 
ferred to computer tape for analysis. All data 
were checked for keypunch and range errors and 
examined for logical consistency among respon- 
ses. 

All patients ranging in age from 40-80 years 
with confirmed diagnoses of carcinoma of the 
urinary bladder and their matched controls 
were selected for study from the larger pool of 
data. A total of 574 male and 158 female bladder 
cancer patients and equal numbers of controls 

were included in this study. During the 6 years 
of data collection a number of questionnaire 
revisions took place. This resulted in the dele- 
tion of some nonproductive items, as well as the 
inclusion of additional questions of interest. 
Thus, in certain instances information was not 
uniformly available; and this is reflected in the 
discrepancy between totals in a few tables. 

RESULTS 

Males 

Demographics: The age distribution for male 
bladder cases is given in Figure 1. Mean age 
at diagnosis for males was 61.8 years, identical 
to our earlier study. Of the males (both cases 
and controls) 92% were white, the remainder 
being black. 

Table 7 shows the frequency distribution of 
the males by religion, controlling for cigarette 
consumption. Although not statistically signifi- 
cant, there is an excess of Jews among the heavy 
smoking (21+ cigarettes per day) cases. The 
percentages of Jews in both the study and con- 
trol groups is rather high, however, reflecting 
the large proportion of interviews conducted at 
Memorial Hospital. This one hospital ac- 
counted for 67.8% of all Jewish patients in the 
study. Of the 630 persons interviewed at Memo- 
rial, 225 (35.7%) were Jewish. 

No statistically significant difference between 
cases and controls was found in the frequency 
distribution of marital status or education. Sur- 
prisingly, single and divorced males were at 
somewhat lower relative risk (0.6, 0.5) than 
married patients (1.0). Separated or widowed 
males were at a slightly higher relative risk (1.1, 
1.2). The percentage of study and control pa- 
tients by educational attainment is shown in 
Table 8. These data reflect higher educational 

40 

30 
8 
Y 

; PO 

10 

0 

40-19 w-SB m-so 70-7s OO* 
AGE 

FIG. 1 .  Age distribution of bladder cancer patients by sex. 
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TABLE 7. Frequency Distribution of Caucasions by Religion, Specific For Cigarette Usage; Males 

Cases Controls 
No. of cigarettes 95% 

smoked/day Religion No. % No. % RR* Conf. int. 

Never smoked Protestant 35 37.2 
Catholic 22 23.4 
Jewish 34 36.2 
Ot her/None 3 3.2 

TOTAL 94 

1-20 Protestant 81 35.5 
Catholic 74 32.5 
Jewish 53 23.2 
Ot her/None 20 8.8 

TOTAL 228 

53 
47 
63 

7 
170 

31.2 1.0 
27.6 0.7 (0.4- 1.4) 
37.1 0.8 (0.5-1.5) 
4.1 0.7 (0.2-2.7) 

83 
60 
40 
13 

196 

42.3 1.0 
30.6 1.3 (0.8-2.0) 
20.4 1.4 (0.8-2.3) 
6.6 1.6 (0.7-3.4) 

~~ 

21 + Protestant 92 44.4 73 48.3 1.0 
Catholic 57 27.5 47 31.1 1.0 (0.6- 1.6) 
Jewish 51 24.6 24 15.9 1.7 (1.0-3.0) 
Other/None 7 3.4 7 4.6 0.8 (0.3-2.4) 

TOTAL 207 151 
GRAND TOTAL 529 517 

Unknown or noncaucasian 45 57 

Estimates of relative risk for each religion, controlling for cigarette usage 
95% 

Religion RR* Conf. int. 

Protestant 
Catholic 
Jewish 
Other/None 

1.0 
1.0 (0.8- 1.4) 

* 1.3 (0.9- 1.7) 
1.1 (0.6-2.0) 

* Relative to a risk of 1.0 for Protestants. 

attainment than is usually seen in the general 
population. Such a trend may be due to hospital 
selection factors. 

No differences were found between cases and 
controls relative to urban, rural or mixed resi- 
dence during the patients’ lifetime. 

Tobacco usage: As seen in Table 9, significantly 
more bladder cases than controls (p < .001) 

reported having smoked tobacco at some time, 
with the excess of cases who smoked being re- 
stricted to  cigarette smokers. Of the patients 
who smoked, 74 (16.3%) of the controls smoked 
only pipes or cigars, whereas only 27 (7.3%) of 
the cases were exclusively pipe or cigar smokers 
(p < .OOl). Thus, excess risk of bladder cancer 
among tobacco users resides entirely with ciga- 

TABLE 8. Frequency Distribution by Education; Males 

Cases Controls 
95% 

Education N 0. To No. % RR* Conf. int. 

159 27.8 154 26.9 1.0 Grammar school or less 
Some high school 104 18.2 77 13.5 1.3 (0.9- 1.9) 
Trade-vocational or high school graduate 128 22.4 144 25.2 0.9 (0.6- 1.2) 
Some college 66 11.6 59 10.3 1.1 (0.7-1.6) 

(0.6- 1.1 ) College graduate 114 20.0 138 24.1 0.8 

Unknown 3 2 
TOTAL 571 100.0 572 100.0 

* Relative to risk of 1.0 for grammar school or less. xI2 = 2.4, n.s. 



No. 3 EPIDEMIOLOGY OF BLADDER CANCER Wynder and Goldsmith 1253 

TABLE 9. Frequency Distribution by Type of Tobacco Smoked; Males 

Type of tobacco 

Cases Controls 
95% 

Conf. int No. % No. ?& RR* 

Nonsmoker 
Pipe & cigar 
Pipe 
Cigar 
Cigarette only 
Cigarette & pipe 
Cigarette & cigar 
Cigarette, pipe & cigar 

Unknown 
TOTAL 

65 11.3 
11 1.9 
7 1.2 

19 3.3 
338 58.9 

37 6.4 
57 9.9 
40 7.0 

574 100.0 

115 20.2 
19 3.3 
17 3.0 
38 6.7 

271 41.1 
37 6.5 
33 5.8 
38 6.7 

568 100.0 

1.0 
1.0 
0.7 
0.9 
2.2 
1.8 
3.1 
1.9 

(0.5-2.3) 
(0.3- 1.9) 
(0.5-1.7) 
(1.6-3.1) 
(1.0-3.1) 
(1.8-5.1) 
(1.1-3.2) 

Summary table 
Cases Controls RR* (95% Conf. int.) 

Nonsmoker 65 115 1.0 
Pipes and/or cigars 31 14 0.9 (0.5-1.5) 
Cigarettes exclusively 338 27 1 2.2 (1.6-3.1) 
Cigarettes with or without other tobacco 472 379 2.2 (1.6-3.1) 

* Relative to a risk of 1.0 for nonsmokers. 

rette smokers. Moreover, the relative risk re- 
mains the same whether or not the male cases 
smoked pipes or cigars in addition to cigarettes. 

The estimated relative risk for men who 
smoked only cigarettes as compared to non- 
smokers was 2.2 (1.6-3.1). For pipe and/or ci- 
gar smokers exclusively, the risk of bladder can- 
cer was 0.9. Users of other tobacco products in 
conjunction with cigarettes have a relative risk 
equivalent to that of those who smoked only 
cigarettes, i.e., 2.2. 

Figure 2 presents the distribution of male pa- 
tients by average number of cigarettes smoked 
per day of their most recent brand. The results 
indicate a stong association of disease with in- 
creasing cigarette consumption. The proportion 
of noncigarette smokers among controls is al- 
most double that of bladder cancer cases. Fur- 
!hermore, of the controls who smoked, 17.9% 
consumed an average of a half-pack or less/day 
compared to 10.9% of the cases. Therefore, not 
only did fewer controls smoke cigarettes, but of 
those who did smoke, a comparatively larger 
percentage averaged only a half-pack or less. 
Only in this group of smokers do controls out- 
number cases. At higher levels of Consumption, 
cases are consistently in the majority. In fact, 
38.5% of the cases smoked more than one pack 
per day as compared to 27.2% of the controls. 

Relative risk increases fairly consistently with 
increased consumption. Little difference in risk 
is evident between smokers of a half-pack or 

less/day and nonsmokers. However, those now 
smoking between one-half and two packs a day 
have a doubled risk of bladder cancer. At more 
than two packs per day the risk is triple that of 
nonsmokers. 
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FIG. 2. Relative risk by average number of cigarettes 
smoked per day; males. 
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FIG. 3. Relative risk by duration of cigarette usage (years); 
males. 

The association of cigarette smoking with car- 
cinoma of the bladder is also present in relation 
to duration of tobacco use (Fig. 3). As compared 
with a risk of 1.0 for men who never smoked 
cigarettes, the point estimate of relative risk for 
those smoking longer than 20 years ranges be- 
tween 1.9 and 2.8, increasing with duration. No 
excess risk is evident for men smoking less than 
20 years. A chi-square test of trend was highly 
significant (p < .001). 

The effect of cigarette smoking in the etiology 
of bladder cancer can also be demonstrated 
among patients who have stopped smoking. Fig- 
ure 4 clearly indicates that a minimum period of 
7 years, and perhaps even as many as 12-15 
years, of nonsmoking is required for cigarette 
smokers to lose their excess risk. The inverse 
relationship of duration of nonsmoking and rela- 
tive risk of bladder cancer is significant at the p 
< .001 level. The effect of filter or non-filter 
usage among smokers was also examined. Out 
of all male smokers who reported current brand, 
65% of the cases and 61% of the controls smoked 
filter cigarettes. The remaining 35% of cases and 
39% of controls .smoked nonfilters. This latter 
group is comprised of men who, for their entire 
smoking history, have principally smoked non- 

filter cigarettes. Clearly, any effect of filter usage 
can only be studied among long-term cigarette 
smokers (10 years). As shown in Table 10, no 
filter effect can be demonstrated; the relative 
risks for long-term filter and nonfilter users in 
comparison to nonsmokers are essentially the 
same. 

No significant differences were observed ei- 
ther between the proportions of cases and con- 
trols who used pipes, cigars, chewing tobacco or 
snuff or in amount or duration of use among 
users. Thirty cases smoked cigars exclusively 
while only 18 cases were pipe smokers, con- 
trasted to 55 and 35 controls in these categories. 
Likewise, snuff usage and chewing tobacco were 
infrequently found in either group (2.0% and 
7.9% of cases vs. 3.7% and 6.3% of controls. 
respectively). No additional factors with strong 
etiological significance to bladder cancer were 
found in the nonsmokers. 

Occubation: Patients were asked to describe 
previous and present occupations and working 
conditions. These data resulted in a cate- 
gorization of patients by type of work (i.e., pro- 
fessional, technical, clerical, skilled, etc.) and by 
occupational exposure to suspected industrial 
carcinogens. There were virtually no case- 
control differences between the present occupa- 

3 c (1.7 2 9  5-21 

1-3 4 -6  7 -9  10-12 13-15 161 ,XLI 
NUMBER OF YEARS SINCE OUlTTlNG 

FIG. 4. Relative risk of male ex-cigarette smokers by num- 
ber of years since quitting. 
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TABLE 10. Frequency Distribution of Current Smokers by Filter/Nonfilter Usage; Males 

Cases Controls 
Filter/nonfilter No. % No. % RR* (95% Conf. int.) 

Nonsmoker 102 31.2 189 57.9 1.0 
Filter (> 10 yr) 125 38.2 78 23.9 3.0 (2.1-4.3) 
Nonfilter (> 10 yr) 100 30.6 59 18.1 3.1 (2.1-4.7) 

TOTAL 327 100.0 326 100.0 

* Relative to a risk of 1.0 for nonsmokers. 

tional classification of the 60% who were em- 
ployed and the former classification of those re- 
tired or unemployed patients. 

An examination of occupation in terms of ex- 
posure to suspected toxic substances revealed 
some differences between cases and controls. 
However, the number of men in the study with a 
suspected exposure was relatively small, and 
statistical analysis may not be relevant. Table 11 
presents the data for occupational exposures 
and smoking for cases and controls. Cases out- 
numbered controls in five of the eight exposure 
categories: rubber, 3 : 1; chemicals, 13 : 1 1  : tex- 
tiles, 14:lO; grease and oil, 10:7; and dust, 
24 : 19, with the excess of cases due to exposure to 
stone dust (9 : 4). Clearly, a larger proportion of 
cases than controls exposed to textiles, chem- 
icals, dust and metal were also heavy smokers. 
Apparently, we are dealing here with an inter- 
action effect of cigarette smoking and occupa- 
tional exposure. 

An examination of specific occupations for 
patients who were suspected of ever being ex- 
posed to industrial carcinogens revealed some 
jobs in which cases outnumbered controls. 
These occupations included textile workers, em- 
ployees in the printing industry, machinists, me- 
chanics, saw mill workers and smaller numbers 
of hairdressers, tire salesmen and repairers, 

metal shop foremen, plasterers and pharmacists. 
More cases than controls were found to be heavy 
smokers in occupations in which interaction ef- 
fects were expected, i.e., textile workers and gas 
station owners or attendants. Among non- 
smokers, where industrial exposure alone might 
account for their disease, cases failed to out- 
number controls in any occupation. This finding 
is supportive of the hypothesis that cigarette 
smoking and some occupational exposures inter- 
act in the induction and/or incubation of blad- 
der cancer. However, in view of the limitations 
of occupational history associated with studies 
of hospital populations, data are presented pri- 
marily as reference material for other in- 
vestigators. 

Females 
Demographics: The mean age at diagnosis for 

female bladder cancer patients was 62.8 years, 
slightly older than among the males, but 
the same as in our previous study (Fig. 1). 
Eighty-seven percent of the study population 
were white and 13% were black. Almost one- 
third (31%) of the interviews were conducted at 
Memorial Hospital. 

No religious group appears to be at signifi- 
cantly higher relative risk (Table 12). Single fe- 
males appear to be at somewhat higher relative 

TABLE 1 1 .  Frequency Distribution of Suspect Occupational Exposure; Males 
~~ 

Cases Controls 
Heavy Heavy 

Total smokers* Nonsmokers Total smokers* Nonsmokers 

Rubber (3) 
Paint (10) 
Dye (7) 

Dust (wood, stone, coal) (24) 
Metal (54) 
Grease and oil (10) 

Chemicals, acids (13) 
Textile (14) 

* 2 21 cigarettes/day most recent brand. 
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TABLE 12. Frequency Distribution of Caucasians by Religion, Specific for Cigarette Usage; Females 

Cases Controls 
No. of cigarettes 95% 

smoked/day Religion No. % No. % RR Conf. int. 
~~ ~ 

Never smoked Protestant 32 59.3 37 44.6 
Catholic 8 14.8 22 26.5 0.4 (0.2-1.1) 
Jewish 11 20.4 19 22.9 0.7 (0.3- 1.6) 
Other/None 3 5.6 5 6.0 0.7 (0.2-3.1) 

TOTAL 54 83 

1-20 Protestant 24 41.4 19 45.2 
Catholic 19 32.8 11 26.2 1.4 (0.5-3.6) 
Jewish 14 24.1 9 21.4 1.2 (0.4-3.5) 
Other/None 1 1.7 3 7.1 0.3 (0.0-2.5) 

TOTAL 58 42 

21 + Protestant 8 40.0 3 27.3 
Catholic 7 35.0 3 27.3 0.9 (0.1-6.1 ) 
Jewish 5 25.0 4 36.4 0.5 (0.1-3. I ) 
Other/None - - 1 9.1 0.0 - 

TOTAL 20 11 
GRAND TOTAL 132 136 

Unknown 26 22 

Estimates of relative risk for each religion, controlling for cigarette usage 
Religion RR* 95% Con. int. 

Protestant 
Catholic 
Jewish 
Other/None 

1.0 
0.8 (0.4- 1.4) 
0.8 (0.4- I .  5) 
0.4 (0.1-1.4) 

* Relative to a risk of 1.0 for Protestant. 

risk in comparison with women who were ever 
married. Although more cases than controls at- 
tended trade or vocational school, the trend in 
educational attainment was not statistically sig- 
nificant (Table 13). As with males, no associa- 
tion between place of residence and bladder can- 
cer could be determined. 

Tobacco usage: Although the majority of all 
women in the study never smoked any tobacco 
product, a significantly greater proportion of the 
controls (p < .001) were nonsmokers (Table 

14). Among females, cigarette smoking was the 
predominant form of tobacco usage accounting 
for 56.8% of the cases and 37.7% of the controls. 
The estimated relative risk of bladder cancer for 
cigarette smokers was 2.2 (95% confidence inter- 
val, 1.4-3.4). The equivalency of this relative 
risk with that found among male smokers would 
imply interaction since the base risk for male 
nonsmokers is about four times that of female 
nonsmokers. 

A significant trend (p = .05) was found rela- 

TABLE 13. Frequency Distribution by Education; Females 

Cases Controls 
95% 

Education No. % No. % RR Conf. int. 

Grammar school or less 44 27.8 48 30.8 1.0 
Some high school 23 14.6 24 15.4 1.0 (0.5-2.1 ) 
Trade-vocational or high school graduate 65 41.1 51 32.7 1.4 (0.8-2.4) 
Some college 15 9.5 18 11.5 0.9 (0.4-2.0) 
College graduate 9 7.0 15 9.6 0.7 (0.3- 1.7) 

Unknown 2 2 
TOTAL 156 100.0 156 100.0 

* Relative to a risk of 1.0 for grammar school or less xI* = 0.3, n.s. 



No. 3 EPIDEMIOLOGY OF BLADDER CANCER Wynder and Goldsmith 1257 
TABLE 14. Frequency Distribution by Type of Tobacco Smoked; Females 

~~ 

Cases Controls 
Type of tobacco No. % No. % RR* (95% Conf. int.) 

Nonsmoker 
Cigarette only 

TOTAL 
Unknown 

67 43.2 96 62.3 1 .o 
88 56.8 58 37.7 2.2 (1.4-3.4) 

155 100.0 154 100.0 
3 4 

* Relative to a risk of 1.0 for nonsmokers. x12 = 11.3, p 

tive to average number of cigarettes smoked per 
day. Smokers of a half-pack or less per day are 
apparently at very little greater relative risk than 
nonsmokers. The risk for smokers of 11 or more 
cigarettes per day is slightly more than twice 
that of nonsmokers (Table 15). 

In  an examination of the effect of smoking 
duration, no increased risk was apparent for 10 
years or less years of smoking; the relative risk is 
only slightly elevated for women who have 
smoked 11 to 30 years (Table 16). However, the 
relative risk is almost quadruple that of non- 
smokers for women who smoked cigarettes for 
more than 30 years. In fact, 38.7% of the cases 
smoked cigarettes for more than 30 years com- 
pared with only 14.8% of controls. 

Among female exsmokers, a pattern similar to 
that found among males was discovered. A min- 
imum of 7 years of nonsmoking is required for 
smokers to lose their excess risk (Table 17). 

Occupation: Table 18 shows the distribution of 
cases and controls by present and former occu- 
pation. Although there appears to be a slight 
excess of females with a prior semi-skilled or un- 
skilled occupation, the differences between cases 
and controls are not statistically significant. Sev- 
eral female bladder cancer cases were employed 
in suspect occupations. Among cases, these in- 
cluded milliner, jeweler, sewing machine oper- 
ator, seamstress and typesetter; the latter three 

< ,001. 

were also non-smokers. However, cases were un- 
der-represented among hairdressers (0 : 3) and 
dressmakers (0 : 2). 

Other Factors 

Both sexes: Previous diseases, and artificial 
sweeteners, coffee, and hard liquor consumption 
were also examined in this study. Subjects were 
asked if they had ever been diagnosed as having 
diabetes, gout, bronchitis, emphysema, hyper- 
tension, asthma, pleurisy, pneumonia, bron- 
chiectasis or tuberculosis (Table 19). 

In considering consumption of artificial 
sweeteners it should be noted that these data 
reflect only consumption of those sweeteners 
that have been on the market for several dec- 
ades, not those, such as cyclamates, that were 
developed in the recent past. No significant dif- 
ference in artificial sweetener consumption was 
detected between cases and controls for either 
sex. Among users, cases and controls differed 
very little in general consumption of artificial 
sweeteners (Table 20). Moreover, since diabetics 
presumably consume more artificial sweeteners 
than nondiabetics and, if this substance is caus- 
ally related to bladder cancer, diabetics would 
be expected to be over-represented among cases. 
To some extent, our data reflect this proposi- 
tion-40 male and 11 female cases were diabet- 

TABLE 15. Frequency Distribution by Average Number of Cigarettes Smoked per Day;* Females 
~~ 

Cases 
No. ?& 

~~ 

Controls 
No. Yo RR' (95% Conf. int.) 

Nonsmoker 67 43.5 96 61.9 1.0 
1-10 28 18.2 23 14.8 1.7 (0.9-3.3) 

11-20 39 25.3 24 15.5 2.3 (1.3-4.2) 
21 + 20 13.0 12 7.7 2.4 (1.1-5.1)  

Unknown 4 3 
TOTAL 154 100.0 155 100.0 

Relative to a risk of 1.0 for non-smokers. * Most recent brand. 
xl' = 3.8, p = .05. 
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TABLE 16. Frequency Distribution by Duration of Cigarette Usage (Years); Females 

Cases Controls 
Duration of cigarette 

usage (years) No. % No. % RR* (95% Conf. int.) 

Nonsmoker 
1-10 

11-20 
21-30 
31-40 
40 + 

TOTAL 
Unknown 

67 43.2 96 61.9 1.0 
5 3.2 9 5.8 0.8 (0.3-2.5) 
9 5.8 7 4.5 1.8 (0.7-5.1 ) 

14 9.0 20 12.9 1.0 (0.5-2.1) 
29 18.7 11 7.1 3.8 (1.8-7.9) 
31 20.0 12 7.7 3.7 (1 1-7.5) 

155 100.0 155 100.0 
3 3 

* Relative to a risk of 1.0 for non-smokers. 
xl2 = 18.2, p < ,0001. 

ics, compared with 28 male and 8 female con- 
trols. However, these differences were not 
significant (p = .05). Furthermore, a larger pro- 
portion of the diabetic cases smoked cigarettes 
than did the diabetic controls. In  addition, 
questions on artificial sweetener use were not 
included in the regular questionnaire until 1973; 
thus, the proportion of patients with such infor- 
mation is restricted to those interviewed after 
that date. 

Emphysema was reported by more cases than 
controls; 22 male cases compared with eight 
controls and three female cases compared with 
no controls. Among males this result was statis- 
tically significant, but can be partially explained 
by the excess of cigarette smokers in bladder 
cancer cases (91% of smokers reported positive 
histories of emphysema). 

Tables 21 and 22 examine the relative risk for 
coffee drinkers, controlling for cigarette usage 
because of the high correlation between these 
two variables (Figure 5). The data show a slight 
increase in relative risk for coffee drinkers, some- 
what higher among men than women. Differ- 
ences were significant (95% confidence limits) 
for men when analyzing cigarette smoking levels 
after controlling for coffee consumption. All 
other risk estimates were not statistically signifi- 

cant. Trend tests for increased risk with in- 
creased dose were nonsignificant. 

No relationship between alcohol consumption 
and bladder cancer was found for either sex. 
Over 50% of male cases and controls and 65% of 
female cases and controls were nondrinkers, 
while approximately 33% of all males and 22% 
of all females were classified as occasional drink- 
ers. Smaller but insignificant percentages of 
cases and controls were classified as drinkers of 
1-5, 6-10, 11 + drinks per day, binge drinkers, 
heavy drinkers, or alcoholics, with the distribu- 
tions being almost the same for both cases and 
controls. 

DISCUSSION 
Current Study 

The present study of bladder cancer confirms 
most of our previous results and seems to in- 
dicate a pervasive effect of cigarette smoking in 
relation to the disease. 

The association of bladder cancer with ciga- 
rette smoking is manifested in several ways. 
First, we again confirmed a twofold increase in 
relative risk of bladder cancer for male cigarette 
smokers. Furthermore, female cigarette smokers 
were also found to be at increased relative risk in 
comparison with nonsmokers. In terms of filter 

TABLE 17. Frequency Distribution of Excigarette Smokers by Number of Years since Quitting; Females 

Cases Controls 
Number of years since quitting No. % No. % RR* 95% Conf. int. 

1-6 
7 +  
Nonsmoker 

TOTAL 

14 15.2 8 6.8 2.5 (1.0-6.2) 
11 12.0 13 11.1 1.2 (0.5-2.9) 
61  72.8 96 82.1 1.0 
92 100.0 117 100.0 

* Relative to a risk of 1.0 for nonsmokers. 
xIz = 3.7, .10 < p < .05. 
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TABLE 18. Frequency Distribution of Those Currently Employed by Present Occupation; Females 
~ 

Cases 
Present occupation No. % 

Controls 
No. % 

Professional 
Technical 
Clerical/sales 
Skilled 
Semi-skilled 
Unskilled 
Retired/unemployed 
Housewife 

TOTAL 
Unknown 

xl’ = 8.0, n.s. 

2 
2 

17 
5 
4 

15 
34 
79 

158 

1.3 
1.3 

10.8 
3.2 
2.5 
9.5 

21.5 
50.0 

100.0 

6 
3 
9 
4 
8 
9 

31 
86 

156 
2 

3.8 
1.9 
5.8 
2.6 
5.1 
5.8 

19.9 
55.1 

100.0 

Frequency Distribution Those Retired or Unemployed, by Former Occupation; Females 

% 
Controls Cases 

Former occupation No. % No. 

Professional 
Business executive 
Technical 
Clerical/sales 
Skilled 
Semiskilled 
Unskilled 

TOTAL 
None reported 

GRAND TOTAL 

~ 

4 
1 
3 

15 
5 
6 

10 
44 

114 
158 

9.1 2 
2.3 2 
6.8 - 

34.1 16 
11.4 6 
13.6 3 
22.7 6 

100.0 35 
123 
158 

5.7 
5.7 

45.7 
17.1 
8.6 

17.1 
100.0 

- 

usage, perhaps the relative risk of 3.1 for non- 
filter smokers compared to 3.0 for filter smokers 
is the maximum that could be expected since 
during the time of this study, the difference in 
“tar” yield of filter and non-filter cigarettes was 
about 20%. 11’ A statistically significant differ- 
ence in relative risk between filter and nonfilter 
smokers can be noted for cancers of the lung and 
larynx where the effect of smoking i s  great, but 
may not be shown for bladder cancer where the 
effect of smoking is relatively little. 114119 It 
should be stressed that cigarette smokers with 

bladder cancer began their smoking habit before 
the advent of the lower-tar, filter cigarette. 

Although hospital selection factors resulted in 
a large proportion of Jewish patients being in- 
cluded in this study, the number of Jews with 
bladder cancer is ra ther  high. This  is 
noteworthy, particularly considering the tradi- 
tionally lower cigarette consumption in Jewish 
populations. Greenwqld et al. have reported 
standardized mortality ratios (SMR) of 129 for 
men and 96 for women for bladder cancer 
among Russian-born residents of New York 

TABLE 19. Frequency Distribution of Patients Reporting History of Previous Disease 

Males Females 
Cases Controls Cases Controls 

History No. % No. 9% No. % No. % 

Diabetes 40 13.8 28 10.7 11 12.1 8 9.5 
Emphysema 22 7.6 8 3.1 3 3.3 0 0 

Hypertension 77 26.6 66 25.3 27 29.7 28 33.3 
Asthma 10 3.5 17 6.5 6 6.6 4 4.8 

Gout 14 4.8 18 6.9 1 1.1 2 2.4 
Bronchitis 28 9.7 24 9.2 11 12.1 11 13.1 

Pleurisy 27 9.3 19 7.3 5 5.5 10 11.9 
Pneumonia 64 22.1 73 28.0 24 26.4 18 21.4 
Bronchiectasis 3 1.0 1 0.4 0 0 3 3.6 

290 100.0 261 100.0 91 100.0 84 100.0 
Tuberculosis 5 1.7 7 0.7 3 3.3 0 0 



1260 CANCER September 1977 Vol. 40 

TABLE 20. Frequency Distribution of Duration of Artificial Sweeteners Use* 

Males 
Cases Controls 95% 

No. of years No. % No. ?& RRt Conf. int. 

Nonuser 119 90.2 108 87.1 1.0 
< 5 yr 8 6.1 9 7.3 0.8 (0.3-2.2) 
5-14 yr 4 3.0 6 4.8 0.6 (0.2-2.2) 
2 15yr 1 0.8 1 0.8 0.9 (0.1-14.8) 

TOTAL 132 100.0 124 100.0 

Females 
Cases Controls 95% 

No. ?& No. % RRt Conf. int. 

27 87.1 24 82.8 1.0 
2 6.5 3 10.3 0.6 (0.1-3.9) 
1 3.2 1 3.4 0.9 (0.1-15.4) 
1 3.2 1 3.4 0.9 (0.1-15.4) 

31 100.0 29 100.0 

* Questions concerning saccharin consumption were asked beginning in 1973. 
' Relative to a risk of 1.0 for nonusers 

State, exclusive of New York City for 1969- 
1971." Although the male SMR appears some- 
what high in view of Jewish male smoking pat- 
terns, neither of these SMR were significantly 
different from 100. Perhaps this finding relates 
to a greater involvement in certain high risk 
occupations such as textiles, or to some dietary 
factors. Moreover, since our data show an ex- 
cess of male cases only among the relatively 
small proportion of Jews who are heavy smok- 
ers, it is reasonable to assume that a popula- 
tion SMR for Jews would be more likely to 
reflect nontobacco-related bladder cancer. The 
excess of cases among heavy smokers seems to 
indicate that at high levels of cigarette consump- 
tion, nutritional or occupational factors among 
Jew may interact with cigarette consumption. 

Excess risk for cigarette smokers was found to 
be unrelated to additional use of pipes and ci- 
gars. Also, males who smoked only pipes or 
cigars were at no significantly greater risk than 
nonsmokers, a result which confirms our pre- 
vious findings, as well as those of Cole et ~ 1 . ' ~  

We were able to show a fairly consistent 
dose-response relationship in risk of bladder 
cancer in men and women both for amount and 
duration of smoking. In women, a minimum of 
30 years was required to increase the relative 
risk of bladder cancer substantially. 

Although this investigation was not directed 
specifically toward occupational carcinogens, 
we apparently did identify some exposures with 
somewhat higher risk for males. These include 
rubber, chemicals, textiles, and stone dust. The 

TABLE 21. Frequency Distribution of Daily Coffee Consumption 
Specific for Daily Cigarette Consumption; Males 

Number of cigarettes smoked per day* 
Cups of coffee Nonsmoker 1-10 11-30 31 + 
drunk per day Cases Controls Cases Controls Cases Controls Cases Controls 

None/occas. 5 19 7 6 16 14 7 9 
1-3 24 37 11 10 52 48 22 15 
4-6 7 9 4 2 27 15 18 12 
7 +  3 1 0 0 8 4 7 7 

Summary Tables 
RRt For coffee consumption controlling for RR' For cigarette consumption controlling for 

cigarette consumption coffee consumption 
RR 95% Conf. int. XIZ RR 95% Conf. int. X*' 

None/occas. 1.0 Nonsmoker 1 .o 
1-3 1.4 (0.8-2.3) 1.4 1-10 2.3 (1.1-4.9) 4.9 

7 +  2.0 (0.8-4.9) 2.5 31 + 2.0 (1.1-3.6) 5.3 
4-6 1.9 (1.0-3.6) 4.0 11-30 2.0 ( 1.2-3.3) 7.8 

xs* = 4.50 xsz = 6.85 
~~ 

* Most recent brand. 
' Relative to a risk of 1.0 for non or occasional coffee drinkers. 
t Relative to a risk of 1.0 for nonsmokers. 
Note: Questions concerning coffee consumption were asked beginning in 1973. 
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TABLE 22. Frequency Distribution of Daily Coffee Consumption Specific for 
Daily Cigarette Consumption; Females 

~ ~ 

Number of cigarettes smoked, per day* 
Cups of coffee drunk Nonsmoker 1-10 11-30 31 + 

per day Cases Controls Cases Controls Cases Controls Cases Controls 

None/occas. 9 14 4 5 2 2 4 3 
1-3 13 22 7 5 6 7 3 4 
4-6 1 3 2 1 5 0 0 0 
7 +  1 1 2 1 0 1 0 0 

Summary Tables 
RRt for coffee consumption controlling for RR* cigarette consumption controlling for 

cigarette consumption coffee consumption 
XI2  RR 95% Conf. int. RR 95% Conf. int. XI2 

None/occas. 1.0 Nonsmoker 1.0 
1-3 1.0 (0.4-2.2) 0.0 1-10 2.0 (0.8-5.1) 2.1 
4-6 1.9 (0.4-7.9) 0.7 11-30 1.9 (0.7-4.9) 1.7 
7 +  1.3 (0.2-7.8) 0.1 31 + 1.6 (0.5-5.3) 0.6 

* Most recent brand. 
+ Relative to a risk of 1.0 for non- or occasional coffee drinkers. 
* Relative to a risk of 1.0 for nonsmokers. 
Note: Questions concerning coffee consumption were asked beginning in 1973. 

relatively small number of men included in this 
study who reported a suspect occupational ex- 
posure precludes statistical analysis. Since data 
were collected in several cities, people in different 
areas with the same job description might have 
experienced quite different exposures. Further- 
more, the high social class of the patients, a 
reflection of hospital selection, may have masked 
some occupational associations. Occupational 
studies would be best carried out on an in-house 
basis in specific industries, but general popu- 
lation data such as these may give an impetus to 
study specific occupational groups. 

The relationship of cigarette smoking to blad- 
der cancer is not as stong as for lung cancer. To 
the extent that cigarette smoking affects both 
sites, it can be understood that the effects of 
smoking on bladder carcinogenesis are both in- 
direct and more diluted than they are on lung 
cancer. '' Bladder cancer differs from lung can- 
cer in that it is a much less common disease, and 
a greater proportion of bladder cancers occur 
among nonsmokers and persons without oc- 
cupational exposure than does cancer of the 
lung. 

In evaluating the relatively large number of 
nonsmokers and nonoccupationally related 
bladder cancers we have not been able to dis- 
cover other specific factors that could account 
for the pathogenesis of cancer in this population. 
This suggests that other factors, perhaps those 
related to diet, could affect the development of 

Etiologic Factors in Bladder Cancer 
Tobacco: The present study, in agreement with 

previous studies, indicates that 48% of male 
bladder cancers and 31% of female bladder can- 
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TABLE 23. Industrial Aromatic Amines Suspected 
or Known to Induce Bladder Cancer in Man* 

Benzidine 
1-Naphthylamine 
2-Naphthylamine 
4-Aminobiphenyl 
4-Nitrobiphenyl 
Auramine 
Magenta 
Dianisidine 
3,3'-Dichlorobenzene 
0-To1 idi ne 

* Dinman," Clayson.'* 

Occupations Known or Suspected of Being Associated 
with Bladder Cancer' 

Chemical and dyestuffs manufacture 
Rubber and cable manufacture 
Pigment and paint manufacture 
Textile dyeing and printing 
Laboratory workers 
Rodent controllers 
Pitch, coal tar workers 
Leather workers 
Furnace stokers 
Hairdressers 
Gas industry 
Tailoring 
Printing 
Cooks and kitchen workers 

1 Veys,llqL1l Anthony and Thomas,' Clayson," Cole,so~sl 
Wynder. 

cers are due to the smoking of cigarettes. Since 
the association is limited to cigarette smoking, 
inhalation of the smoke appears to be an  impor- 
tant factor for the increased bladder cancer risk 
in smokers. 

Industrial factors: Clearly, there are a. number 
of industrial components and a number of gen- 
eral occupations that are linked to bladder carci- 
nogenesis (Table 23). Obviously, their contribu- 
tion to the incidence of bladder cancer is 
dependent on the location of the population. In 
accordance with Cole, it may be assumed that 
approximately 18% of male bladder cancers and 
a lesser percentage (-6%) in women, are due to 
occupational carcinogens. As expected, this pro- 
portion is more pronounced in certain industri- 
alized regions than in the general population. It 
seems reasonable that, in the absence of ciga- 
rette smoking and occupational exposure, the 
sex ratio of bladder cancer in the U.S. would be 
near unity. 

Outliers: The ratio of whites to blacks, with 
respect to bladder cancer incidence, cannot 
be accounted for by the tobacco and occupa- 

tional factors. Bladder cancer incidence among 
black males is rising comparatively rapidly. It is 
likely that black males have not had the long 
occupational exposures of whites. However, 
blacks have smoking histories similar to, if not 
exceeding that of whites, which is reflected in 
their higher rate of lung cancer. In  addition, the 
lower mortality rates from bladder cancer in 
Japan cannot be accounted for by tobacco and 
occupational factors alone (Table 1 ). Further, 
the high mortality rate from bladder cancer re- 
ported for South African males versus their more 
moderate incidence rate also requires elucida- 
tion (Table 1). Among females, the relatively 
high incidence rates in Connecticut and New 
Zealand Maori, the latter being more than triple 
the rate of males, and the surprisingly low rate 
in non-,Jews in Israel need additional explanation. 

Diet as possible factor in etiology of bladder cancer: 
Bracken fern has been shown to contribute to 
bladder cancer," although we feel that such ex- 
posure is insignificant in the US .  Since kidney 
cancer has been linked to a diet high in fat and 
associated factors, could a high fat, high pro- 
tein, high cholesterol diet also affect bladder 
carcinogenesis? Although the correlation was 
not as stong as for cancer of the colon and 
breast, Armstrong and Doll determined a n  asso- 
ciation between bladder cancer and a high 
fat/high protein diet.' 

Figures 6 and 7 show the correlation of blad- 
der cancer mortality rates with average annual 
per capita protein and fat consumption for sev- 
eral countries. Certainly the low rate of bladder 
cancer in Japan is consistent with their low in- 
take of fat. Could dietary differences between 
white and black males in the U.S. partially ac- 
count for their differences in incidence rates? 
This concept is introduced to encourage experi- 
mentalists and metabolic epidemiologists to in- 
vestigate the possible influence of dietary factors 
in relation to bladder carcinogenesis. 

Etiologic Considerations 
The question remains.as to what components 

in cigarette smoke and in various occupational 
environments are carcinogenic. In cigarette 
smoke the presence of 2-naphthylamine, nitrosa- 
mines or tryptophan metabolites have been un- 
der suspicion. Suggested dose calculations are 
presented in Table 24. These dosages may well 
be under the threshold level unless the concen- 
tration of 2-naphthylamine is only an  indicator 
of other carcinogenic aromatic amines (and 
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FIG. 6. Age-adjusted mortality 
rate for malignant neoplasm of 
bladder and other urinary organs 
by per capita protein consumption 
(1966-1967). Food consumption 
statistics 1960-1068 OECD 
1970/SEGI 1972 No. 6 (1966-67). 
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other bladder carcinogens) in cigarette smoke. 
Table 25 lists components that have been shown 
to be carcinogenic for the bladder in experimen- 
tal animals. Experimental bladder carcinoge- 
nesis is a relatively neglected research field that 
deserves greater attention. Clearly, the ability of 
an animal to metabolize a procarcinogen must 
be considered. A classic case is the inability of 
the mouse, but ability of the dog, to metabolize 2- 
naphthylamine into 2-aminonaphthol, the active 
bladder carcinogen. Thus, the dog is the animal 
of choice for studies with these agents. Recently, 
the Syrian golden hamster has been successfully 
used for the induction of bladder tumors by 
aromatic amines. Similarly, in tobacco 
smoke experimentation we must be certain that 
the way in which animals metabolize possible 
bladder procarcinogens is similar to that of man. 
The experiment in which renal pelvic tumors 
were produced in mice by applying cigarette 
"tar" on their skin deserves to be repeated." 

We can assume that tumorigenic agents are 
present in the urine of heavy cigarette smoke 
inhalers. Comparative analyses should be per- 
formed on the urine of heavy cigarette smoke 
inhalers and nonsmokers in terms of tobacco- 
related components, and we recommend that 
various fractions of such urines be compared for 
biological activity in certain in vitro studies. This 
should be a fertile field for the tobacco scientist 
studying bladder carcinogens, just as fecal anal- 
ysis has proved a useful area for the steroid 
chemist interested in colon carcinogens. It is 
possible, of course, that if specific tobacco nit- 
rosamines and their carcinogenic metabolites 
contribute to the induction of bladder tumors, 
they will directly affect the epithelium of the 
urinary bladder via blood supply. Certain dibu- 
tyl- and methylbutyl-nitrosamines have such an 
effect on rats. 39 The possible effect that nicotine 
may have on metabolic parameters must also be 
considered. 

FIG. 7. Age-adjusted mortality 
rate for malignant neoplasm of 
bladder and other urinary organs 
by per capita fat consumption 
(1966-1967). Food consumption 
statistics 1960-1968 OECD 1970/ 
SEGl 1972 No. 6 (1966-67). 
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TABLE 24. Calculated Exposure of Smokers of Nonfilter 
Cigarettes to the Bladder Carcinogen 2-Naphthylamine: 

Number of 
cigarettes 
smoked 

10 
20 
30 
40 
50 

Years exposed to 2-naphthylamine 

10 20 30 40 
Exposure to 2-naphthylamine (mg) 

00.8 01.6 02.4 03.2 
01.6 03.2 04.8 06.4 
02.4 04.8 07.2 09.6 
03.2 06.4 09.6 12.8 
04.0 08.0 12.0 16.0 

* Often referred to as @-Naphthylamine. Calculations are 
based on data from earlier study.‘6 

Hopefully, the possible contribution of nutri- 
ents in terms of fats, proteins and cholesterol can 
also be explored in the laboratory in view of the 
evidence presented in this and other epidemio- 
logic studies. 

In summary, we hope that this communica- 
tion will stimulate the experimentalist to explore 
bladder carcinogenesis as a combined effect of 
environmental factors such as tobacco smoke, 
specific chemicals and certain nutrients. We be- 
lieve that constructive and useful results will 
emanate from such investigations. 

Future Studies 
While obtaining a patient’s smoking history is 

relatively short and structured, meaningful oc- 
cupational histories are quite difficult to obtain. 
A life-long history is required (a 2-year job at 
age 20 may have had a greater influence in 
bladder cancer formation than a subsequent 30- 
year job), in addition to detailed information on 
all occupational exposures. Job classification 

TABLE 25. Identified and Suspected Bladder Carcinogens 
in Cigarette Smoke” 

Concentration in smoke of 
Compound nonfilter cigarette 

0-Toluidine 
x-Aminostilbene 
x- Aminofluorene 
2-Naphthylamine 
0-Nitrotoluene 
2-Nitronaphthalene 
Di-n-butylnitrosamine 
Unknown aromatic arnines 
Unknown aromatic nitro 

Unknown nitro arnines 
compounds 

+ : Positively identified. 
cigarette smoke. 

+ + + 
22 ng 
21 ng + 
0-3 ng 
? 
? 

? 

?: Suspected to be present in 

does not necessarily indicate exposure to poten- 
tial bladder carcinogens, either by ingestion, ab- 
sorption through the skin or inhalation. Such 
information would be obtained best by mon- 
itoring a given industrial environment, and such 
a study obviously requires the cooperation of 
management, Although occupational exposures 
now linked to bladder cancer etiology are likely 
to have occurred 20-40 years previously, visiting 
today’s workplace for further clues would be less 
meaningful. Higher standards of occupational 
hygiene and improved technology make the 
workplace very different today from what it was 
three decades ago. Future studies need to in- 
vestigate specific occupational environments; 
such efforts would be best conducted by in- 
house investigators. 

In this, as in other epidemiologic studies, 
matching can present a problem. In the case of 
studies on the influence of smoking, we know 
about tobacco-related diseases and, therefore, 
can identify and choose patients free of these 
diseases to serve as controls. However, the rela- 
tionship between various occupational ex- 
posures and cancers (other than bladder) is less 
well known and thus more difficult to control. 
Nevertheless, the cancers that were chosen as 
controls for this study were ones for which no 
evidence existed linking them to an occupational 
exposure. It is possible, however, that an un- 
dermatching of controls has diminished the 
observed difference in occupational histories 
between study and control cases or that over- 
matching has masked nutritional factors of 
etiologic importance. 

Investigators in tobacco carcinogenesis must 
continue monitoring the “less harmful ciga- 
rettes” (particularly those with tar levels <lo 
mg,) in order to determine whether a given type 
of cigarette may, some day, no longer increase 
the risk for bladder, as well as other tobacco- 
related diseases. Specifically related to this, we 
need to identify the tobacco smoke components 
responsible for bladder carcinogenesis. 

T h e  case-control approach in the in- 
vestigation of the etiology of bladder cancer has 
reached its logical termination point except, per- 
haps, in high risk populations within the U.S. 
and in high-risk areas abroad, as well as among 
smokers of cigarettes with increasingly lower tar 
yields. New epidemiologic methods should now 
be initiated. Experimental studies in this areas 
need to be paralleled by metabolic epidemio- 
logic studies in which comparisons are made 
between the urine of high and low risk popu- 



lations, as well as of patients with and without 
bladder cancer. 

Preventive Considerations 
Preventive aspects relative to tobacco carcino- 

genesis are self-evident : they involve continued 
antismoking education (at present, this appears 
to bear fruit in educated men); the expansion of 
smoking cessation clinics into every health care 
delivery system; and the further development of 
“less harmful cigarettes.” These steps, which 
are currently effecting a reduction of lung cancer 
in younger age groups should, and indeed al- 
ready are beginning to, have similar effects on 
bladder cancer. 11’ 

Occupational hazards relative to bladder can- 
cer can be reduced by law (as in the case of 2- 
naphthylamine in Great Britain); by the appro- 
priate replacement of a carcinogenic agent with 
a noncarcinogenic component in industrial 

processing; by eliminating carcinogenic by- 
products or synthetic intermediates; and by pro- 
viding the worker with as little exposure as pos- 
sible. It would appear that smoking cessation 
efforts should be especially encouraged in high 
risk industries. Finally, it has been suggested 
that only older workers should be employed in 
jobs with potentially high risk for bladder can- 
cer. Such an approach, however, is not in line 
with the findings by Case and is considered by 
some to be defeating the concept of developing a 
nonhazardous industrial environment. 

All industries with jobs suspected to relate to 
bladder cancer (as well as other industry-related 
diseases) should be encouraged to keep up-to- 
date morbidity and mortality records. In coun- 
tries where parasitic infection appears to be a 
major cause of bladder cancer, public health 
measures against such infestation should be vig- 
orously pursued. 
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