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ABSTRACT 
Bac&yolcnd Studies in animals have shown that 

the frequency of urination is inversely associated with 
the level of potential carcinogens in the urothelium. 
In humans, an increase in total fluid intake may reduce 
contact time between carcinogens and urothelium 
by diluting urinary metabolites and increasing the 
frequency of voiding. The data on fluid intake in re- 
lation to the risk of bladder cancer are inconclusive. 
Met&oA We examined the relation between total 

fluid intake and the risk of bladder cancer over a pe- 
riod of 10 years among 47,909 participants in the pro- 
spective Health Professionals Follow-up Study. There 
were 252 newly diagnosed cases of bladder cancer 
during the follow-up period. Information on total flu- 
id intake was derived from the reported frequency of 
consumption of the 22 types of beverages on the 
food-frequency questionnaire, which was completed 
by each of the 47,909 participants who were free of 
cancer in 1986. Logistic-regression analyses were per- 
formed to adjust for known and suspected risk fac- 
tors for bladder cancer. 
Resula Total daily fluid intake was inversely asso- 

ciated with the risk of bladder cancer; the multivariate 
relative risk was 0.51 (95 percent confidence interval, 
0.32 to 0.80) for the highest quintile of total daily flu- 
id intake (>2531 ml per day) as compared with the 
lowest quintile (<1290 ml  per day). The consump- 
tion of water contributed to a lower risk (relative risk, 
0.49 [95 percent confidence interval, 0.28 to 0.861 for 
21440 ml [6 cups1 per day vs. e240 ml  [I cup1 per 
day), as did the consumption of other fluids (relative 
risk, 0.63 [95 percent confidence interval, 0.39 to 0.991 
for >I831 ml per day vs. e735 ml per day). 

Conclwions A high fluid intake is associated with 
a decreased risk of bladder cancer in men. (N Engl J 
Med 1999;340:1390-7.) 
01999, Massachusetts Medical Society. 

A N estimated 310,000 new cases of bladder 
cancer were diagnosed worldwide in 1996.1 
In the United States, bladder cancer is the 

1. A fourth leading type of cancer among men, 
excluding nonmelanoma skin cancer, and women have 
approximately one fourth the incidence of men.2 The 
cause of bladder cancer is not well understood, but 
it may relate in part to direct contact of the bladder 
urothelium with carcinogens excreted in the urine.3 
High consumption of fluids may reduce this expo- 
sure by diluting the urine and reducing contact time 
through increased frequency of urination.4 

Specific types of beverages may have other influ- 
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ences on bladder cancer. Some of the numerous me- 
tabolites of coffee modulate the activity of metabo- 
lizing enzymes,S and alcohol increases the risk of 
cancer at several sites outside the bladder.6.7 Both al- 
cohol and coffee also have a diuretic effect mediated 
by alterations in the hormonal control of renal func- 
tion.8 Fruit and vegetable juices may contain bioac- 
tive compounds that can modulate the response to 
carcinogens,g and chlorinated byproducts formed 
during the purification of water for public consump- 
tion may be potential carcinogens.10 

Most investigations, primarily case-control studies, 
have not indicated a relation between coffee or alco- 
hol consumption and the risk of bladder cancer.11-19 
Findings with respect to an association between to- 
tal fluid intake and the risk of bladder cancer have 
been inconsistent.18-27 Several case-control studies 
have tended to support an association between an in- 
creased risk of bladder cancer and consumption of 
water from public sources.28-31 Such unsettled ques- 
tions, and sparse prospective data, led us to examine 
the relation of the total intake of fluids and the types 
of beverages to the risk of bladder cancer. 

METHODS 
Study Population 

The Health Professionals Follow-up Study was initiated in 
1986, when 51,529 male health professionals 40 through 75 
years of age from all 50 states answered a detailed mailed ques- 
tionnaire on diet and medical history. The men were predomi- 
nantly white, although no exclusions were made on the basis of 
race. Every two years, follow-up questionnaires were mailed to all 
surviving members of the cohort (up to six times per follow-up 
cycle for nonrespondents) to update the data on medical condi- 
tions and exposures. 

To form the cohort for the current analysis, we excluded 1596 
men with implausibly high or low scores for total food intake 
(outside the range of 800 to 4200 kcal per day) or with 70 items 
left blank on the base-line dietary questionnaire and 18 men whose 
questionnaires were missing the date of birth. In addition, 2006 
men with cancer (other than nonmelanoma skin cancer) diagnosed 
before 1986 were excluded, in part because these men may have 
changed their diets as a result of their disease. The remaining 
47,909 men were eligible for follow-up. The follow-up rate for 
this cohort averaged 94 percent per follow-up cycle during the 
five biennial cycles between 1986 and 1996. Participants who 
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failed to respond to a questionnaire during one follow-up cycle 
*re not removed from the study and were included in the next 
,,,ailing of the questlonnaire (they could skip one questionnaire 
but answer the next). The National Death Index was used to deter- 
d e  the vital status of nonrespondents, and the remaining non- 
mpondents were assumed to be alive and at risk for bladder cancer. 

Assessment of Diet and Beverage Intake 

TO assess dietary intake, we used a 131-item semiquantitative 
food-frequency q~estionnaire3~.~~ in 1986 and again in 1990 and 
1994. The baseline dietary questionnaire was completed in 1986, 
and dietary information was updated in 1990 and 1994. The 
questionnaire assessed the average intake over the previous year 
and included questions on the consumption of 22 different bev- 
erages. For each man, we calculated nutrient intake by multiply- 
ing the frequency reported for the consumption of each food 
item by the nutrient content of the specified portion size. The 
&ta on food composition were primarily from the U.S. Depart- 
ment of Agri~ulturc.~~ We calculated the total fluid intake using 
&e 22 beverage items on the food-frequency questionnaire. The 
information on frequency and serving size was combined to give 
a c h  member a score in milliliters. 

a study of the reproducibility and validity of the question- 
n& among 127 men from this cohort, the Pearson correlation 
coefficient for nutrient intake measured by two one-week dietary 
records and by a food-frequency questionnaire was 0.50 for total 
fluid intake (Feskanich D: personal communication) and ranged 
from 0.52 for the intake of water to 0.93 for the intake of cof- 
fee.35 These values are within the range of correlations typically 
found in dietary-validation studies.36 In addition, we previously 
reported a correlation of 0.59 between total fluid intake as re- 
ported in a food-frequency questionnaire and 24-hour urine vol- 
ume for men in the same validation study.37 In this cohort, the 
alcohol intake reported on the food-frequency questionnaire cor- 
dated highly with the alcohol intake as measured by two one- 
week dietary records (r = 0.86).38 

Assessment of Nondietary Factors 

At base line, and every two years thereafter, the participants 
provided information on their state of residence, current smoking 
status, exercise habits, weight, height, and use of medication. The 
base-line questionnaire provided detailed information on past 
smoking habits, the amount of time since quitting, the average 
number of cigarettes smoked per day before 15 years of age and 
at the ages of 15 through 19,20 through 29,30 through 39,40 
through 49,50 through 59, and 60 or more years. To control for 
smoking, we derived total pack-years of smoking, incorporating 
all past smoking experience. One pack-year is equivalent to having 
smoked one pack, or 20 cigarettes, per day over an entire year. 

Asmhinment of Cases 

On each questionnaire, participants indicated whether they had 
received a diagnosis of cancer, heart disease, or other medical 
Conditions. We confirmed the self-reported diagnosis of bladder 
Cancer by a review of medical records (in 84 percent of the cases) 
or by obtaining additional data from the cohort member or a sur- 
viving family member (16 percent). The end points in this study 
were cases of bladder cancer that were first diagnosed between 
F e b w  1986 and January 31,1996; there were 252 such cases. 

to a review of pathology reports, more than 90 percent 
Of the cases of bladder cancer were transitional-cell carcinomas. 

s~iSt ica l  Analysis 

we computed person-time of follow-up for each participant 
from the xturn date of the 1986 questionnaire to the date of di- agnosis of bladder cancer, death from any cause, or January 31, 
1996, whichever came first. In the main analysis, categories of ex- posure were determined on the basis of the responses to the 1986 
q u e s t i O ~ ~ ,  except for age and current smoking status, which 

were updated every two years in all analyses. Current smoking 
status was based on the questionnaires returned in 1986, 1988, 
1990,1992, and 1994. The incidence of bladder cancer for each 
category of fluid intake was calculated as the number of partici- 
pants with bladder cancer divided by the person-time of follow-up. 
The relative risk was computed as the incidence among the par- 
ticipants in a category of fluid intake divided by the incidence in 
a specific reference category. Participants whose questionnaires were 
missing information for any specific beverages (less than 10 per- 
cent for any beverage) were assigned to the lowest category of in- 
take for that beverage, because our cohort validation study indi- 
cated that, in most instances, the missing item was not consumed. 

We used pooled logistic regression39 with two-year increments 
to adjust for age (in five-year categories), pack-years of smoking 
(six categories, including no history of smoking), current smok- 
ing status, geographic region, and total intake of fruits and vege- 
tables (a potential risk factors). Data on participants who died or 
received a diagnosis of bladder cancer during a two-year cyde 
were censored at the end of that two-year period and were not 
entered in any subsequent two-year cycles. With short intervals 
between questionnaires and low rates of events, this approach 
tends to give results very similar to those from a Cox regression 
model with time-dependent covariates.J9 In addition, we included 
total energy intake in all multivariate models to reduce extraneous 
variation introduced by underreporting or overreporting on the 
food-frequency questionnakJ6 

In a separate analysis, we examined the relation between total 
daily fluid intake and the incidence of bladder cancer by updating 
the baseline information on fluid intake with data on fluid intake 
from subsequent questionnaires (1990 and 1994). In these analy- 
ses, data on fluid intake from the 1986 questionnaire were used 
to allocate person-time to each of the quintjles of exposure be- 
tween 1986 and 1990; the average of the fluid intakes from 1986 
up to 1990 was used from 1990 up to 1994, and the average of 
1986, 1990, and 1994 was used for subsequent years (1994 
through 1996). Cumulative updating may reduce the effects of 
variations in the intake of individual participants and better rep- 
resents long-term intake. We performed tests for trend by assign- 
ing the median value for each category and modeling this variable 
as a continuous variable, using pooled logistic regression for mul- 
tivariate analyses. All reported l' values are two-sided. Tests for 
interaction were performed with use of likelihood-ratio tats. In 
addition to the tests for trend described above, pooled logistic- 
regression models of the log relative risk of bladder cancer on the 
restricted cubic spline" of beverage and total fluid intake were fit- 
ted to the data. When likelihood-ratio tests were used to test the 
hypothesis of a linear relation through a comparison of the spline 
models to linear models, none of the associations between specif- 
ic beverages or total fluid intake and the risk of bladder cancer 
showed evidence of departure from linearity. 

RESULTS 
A total of 252 cases of bladder cancer and 435,458 

person-years were available for the main analyses. Age 
and smoking were both strongly associated with the 
risk of bladder cancer. Among men with a history of 
65 or more pack-years of cigarette smoking, bladder 
cancer was 3.7 times as likely (95 percent confi- 
dence interval, 2.2 to 4.5) as among men who had 
never smoked. The relative risks of bladder cancer 
were 5.6, 6.2, and 11.6 for men 70 through 74, 75 
through 79, and 80 or more years old, respectively, as 
compared with those younger than 50. The risk of 
bladder cancer was also higher (relative risk, 1.8; 95 
percent codidence interval, 1.2 to 2.7) in the north- 
eastern United States than in the West. 

The distribution of established or potential risk 
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factors, standardized for age, was examined accord- 
ing to total daily fluid intake (Table 1). Both the 
number of pack-years of smoking and the proportion 
of participants who were current smokers increased 
with higher levels of total fluid intake. The level of 
physical activity and the total number of servings of 
fruits and vegetables per day increased with higher 
quintiles of total fluid intake. Macronutrient intakes 
did not differ substantially among the levels of total 
fluid intake. 

In an age-adjusted analysis, total fluid intake in 
1986 was inversely associated with the risk of bladder 
cancer (Table 2). This relation became more evident 
after adjustment for potential risk factors; the differ- 
ence between the age-adjusted and multivariate mod- 
els was explained almost entirely by the smoking var- 

iables. Although the level of physical activity was not 
included in our main model because it is not a risk 
factor for bladder cancer, adding this variable to our 
multivariate model did not change the results sub- 
stantially; the relative risk for the highest quintile of 
fluid intake as compared with the lowest was 0.51 (95 
percent confidence interval, 0.32 to 0.80). The as- 
sociation between total fluid intake and the risk of 
bladder cancer did not change appreciably when cu- 
mulative average updating with data from 1986,1990, 
and 1994 was used for total fluid intake (relative risk, 
0.58; 95 percent confidence interval, 0.36 to 0.94). 
The multivariate relative risk of bladder cancer asso- 
ciated with an increase of 240 ml in total daily fluid 
intake (approximately one 8-oz glass) was 0.93 (95 
percent confidence interval, 0.89 to 0.98) (Table 3). 

TABLE 1. BASE-LINE ~HARACTERISTXCS OF 47,909 MEN WHO WERE FREE OF CANCER IN 1986, 
ACCORDING TO QUINI?LE OF TOTAL DAILY FLUID INTAKE.' 

Fluid intake (ml/day) 
Median 
Range 

Agc (yr) 
Body-mass indext 
Current smoker (% of participants) 
Pack-years of smoking 
Physical activity (MET-hr/wk)$ 
Underwent routine physical examination 

between 1986 and 1988 
(% of participants)§ 

Dietary intake 
Total fit (%)I 
Carbohydrate (%)I 
Protein (%)I 
Fruit and vegetable (servings/day)ll 
Dietary fiber (g/day)'* 
Vitamin E (IU/day)'* 
Vitamin C (mg/day)*' 

Beverage intake 
Milk (ml/day)tt 

Soda (ml/daY)§§ 

Fruit juice (ml/day)$$ 
CoKee and tea (ml/day) 

Water (ml/day) 
Alcoholic beverage (ml/day)'j['j[ 

aulmE OF TOTAL FLUID INTAKE 

1 2 3 4 

1026 1489 1857 2267 
<1290 1290-1674 1675-2050 2051-2531 

54.3 54.2 54.1 54.1 
25.0 25.2 25.5 25.7 
6.4 7.5 8.9 10.9 

10.3 11.8 13.3 15.2 
21.6 23.6 24.2 24.2 
17 18 18 18 

31.8 32.1 32.2 32.4 
47.9 47.6 47.4 46.9 
19.2 18.8 18.6 18.6 
5.4 5.7 5.9 6.1 

21.9 21.4 21.2 20.8 
101.9 101.8 94.0 94.6 
440.3 434.2 423.8 421.7 

126 171 204 252 
109 126 132 143 
248 408 518 675 
169 222 269 325 
288 500 652 765 
74 101 124 152 

5 

2952 
>2531 

52.8 
26.1 
14.4 
19.4 
25.1 
18 

32.1 
46.3 
18.5 
6.6 

20.0 
92.0 

420.7 

335 
166 
954 
524 
902 
271 

'AU factors (except age) have been standardized according to the age distribution of the entire cohort. Except for fluid 

tThe body-mass index was calculatrd as the weight in kilograms divided by the square of the height in meters. 
$One MET-hour is the metabolic equivalent of sitting at rest for one hour. 
§The data are from the 1988 questionnaire; this question did not appear on the 1986 questionnaire. 
p h e  percentage is that of total daily energy intake. 

/[This category included fruit juices. 
**The amount has been adjusted for total energy intake. 
ttThis category included whole milk, low-fat milk, and skim milk. 
*$Orange, apple, grapefruit, tomato, and other juices were included. 
§§Low-calorie, regular, and caffeine-free sodas and lemonade (or punch) were included. 
I'j[Beer, liquor, white wine, and red wine were included. 

intake, values are means. 
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I "  

TABLE 2. RELATIVE RISK OF BIADDER CANCER ASSOCIATED WITH TOTAL DAILY FLUID INTAKE. 

VuvmLE 

Total fluid intake (ml/day) <1290 1290-1674 1675-2050 2051-2531 >2531 

Penon-years of follow-up 89,415 93,961 93,458 93,469 91,675 
Age-adjusted dative risk 1 .o 0.85 0.95 0.78 0.62 0.03 

Cases of bladder cancer 61 54 57 47 33 

Multivariate relative risk 1.0 0.84 (0.58-1.21) 0.89 (0.62-1.29) 0.70 (0.47-1.04) 0.51 (0.32-0.80) 0.004 
(95% CI)* 

'The multivariate relative risk was adjusted for geographic region (five regions), age (in tive-ycar categories), pack-years of smoking (six 
categories), current smoking status (smoker or nonsmoker), energy intake (in quintiles), and in& of f i t s  and vegetables ( b e  categories). 
CI denotes confidence interval. 

TABLE 3. RELATIVE hSK OF BLADDER CANCER ASSOCIATED WITH 
AN INCRWsE OF 240 d IN TOTAL DAILY INTAKE OF FLUIDS 

AND SPECIFIC BEVERAGES, WITH ADJUSTMENT FOR AGE 
AND OTHERVARIABL.ES.' 

h E - b J U S T E D  MULTWARL~TE P V U E  
RElAMRIsK RElAmRaR KWI 

BMR*oE 195% CI) 195% cut TREND* 

Water 

Juice¶ 

CO& and tea 
Co&** 
TCX 

Mw 
' Soda and lemonadell 

Alcoholic beveragestt 
Total fluids 

0.87 (0.81-0.93) 
0.90 (0.80-1.03) 
1.08 (0.90-1.31) 
1.03 (0.95-1.12) 
1.01 (0.95-1.08) 
1.00 (0.92-1.09) 
0.94 (0.80-1.11) 
1.00 (0.88-1.14) 
0.96 (0.92-1.00) 

0.89 (0.83-0.96) 
0.92 (0.80-1.05) 
1.14 (0.93- 1.40) 
0.99 (0.90-1.08) 
0.94 (0.88-1.01) 
0.93 (0.85-1.02) 
0.91 (0.77-1.07) 
0.92 (0.80-1.06) 
0.93 (0.89-0.98) 

0.002 
0.22 
0.21 
0.82 
0.12 
0.10 
0.25 
0.24 
0.002 

*CI denotes coniidence interval 
tAdjustment was made for geographic region (five regions), age (in five- 

categories), pack-ycars of smoking (six categories), current smoking 
status (smoker or nonsmoker), energy intake (in quintiles), intake of fruits 
and vegcablcs (6vc categories), and intake of all other beverages listed (cx- 
cept in the total-fluid modd). 

$The P values are for the multivariate models. 
§This category included low-fit milk, skim milk, and whole milk. 

IGrapcfruit, apple, orange, tomato, and other juices were included. 
11% category comprised cola and noncola sodas (regular, low-calorie, 

e i n a t e d ,  and noncaffeinated sodas), punch, and lemonade. 
'*This category included dccfieinatcd and regular co&. 
ttAlcoholic beverages included red wine, white wine, beer, and liquor. 

To ensure that the findings were not influenced by 
changes in fluid intake by participants with preclini- 
Cal disease, we excluded all cases of bladder cancer 
diagnosed during the first three years of the analyses 
(before 1989). The results of the analysis including 
O d y  the 195 remaining cases were similar to those 
observed with all cases (multivariate relative risk for 

the highest quintile of fluid intake as compared with 
lowest quintile, 0.46; 95 percent confidence interval, 
0.27 to 0.76). 

To examine the possibility that an anticarcinogenic 
substance in a particular beverage, rather than fluid 
intake itself, accounted for our findings, we evaluat- 
ed each specific type of beverage (Table 3). Apart 
from water, no beverage had a statistically significant 
association with the risk of bladder cancer, although 
all (except fruit juice) had inverse relations. We also 
created categories for the intake of individual bever- 
ages to examine extreme consumption levels in rela- 
tion to the risk of bladder cancer (Table 4). The daily 
consumption of 1440 ml(6 or more cups) of water 
was associated with a substantial reduction (51 per- 
cent) in the risk of bladder cancer as compared with 
the risk among participants who consumed less than 
240 ml (1 cup) per day (P for trend, = 0.001). Al- 
though none of the other individual beverages had 
a statistically significant association with the risk of 
bladder cancer, when we added water and all other 
fluids to a multivariate model simultaneously, the rel- 
ative risk was 0.49 (95 percent confidence interval, 
0.28 to 0.86) for water intake of 1440 ml or more per 
day as compared with less than 240 ml per day and 
0.63 (95 percent confidence interval, 0.39 to 0.99) 
for the consumption of more than 1831 ml of other 
fluids per day as compared with less than 735 ml per 
day (data not shown). 

We also examined the total intake of caffeine (in 
milligrams) from all beverages and foods containing 
caffeine. No association with bladder cancer was found 
for caffeine intake (the multivariate relative risks for 
quintiles 2,3,4, and 5, as compared with quintile 1, 
were 1.24,1.32,1.04, and 0.84, respectively; 95 per- 
cent confidence interval for highest quintiie vs. the 
lowest, 0.53 to 1.31). 

We investigated whether the relation between total 
fluid intake and the risk of bladder cancer was mod- 
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TABLE 4. RELATIVE RISK OF BLADDER CANCER ASSOCIATED WITH INTAKE OF BEVERAGES PREV~OUSLY 
IMPLICATED AS CAUSING BLADDER CANCER.* 

P VALUE 
OF TEST 

WR TREND BEVERAGEt FREQUENeV OF INTAKE* 

<1/MO 1/MO-6/WK 1 -3/DAY B4/DAY 

Coffee (1 cup) 
No. of cases 75 56 98 23 
No. of person-yr 145,351 101,672 165,995 48,961 
Multivariate relative risk 1.0 0.97 (0.68-1.37) 1.00 (0.73-1.37) 0.79 (0.48- 

(95% CI) 
Decaffeinated coffee (1 cup) 

No. of cases 106 65 72 9 
No. of person-yr 222,336 129,718 93,897 16,027 
Multivariate relative risk 1.0 0.94 (0.69-1.29) 1.20 (0.87-1.65) 0.83 (0.41- 

(95% CI) 

0.56 .30) 

.66) 0.47 

Z=~/DAY 

Tea (1 cup) 
No. of cases 
No. of oerson-vr 

122 
201,963 

1.0 

86 29 
160,693 63,107 

0.98 (0.74-1.29) 0.74 (0.49-1.11) 

15 
36,215 

0.69 (0.40-1.19) Multivariate relative risk 
(95% CI) 

0.08 

0.34 

0.96 

0.96 

0.001 

1-3/MO 1 -4/W 5/m-  D DAY  DAY 

Beer (1 glass, bottle, or can) 
No. of cases 
No. of person-yr 
Multivariate relative risk 

(95% CI) 
Wine (1 4-02 glass) 

No. of cases 
No. of person-yr 
Multivariate relative risk 

(95% CI) 
Liquor (1 drink or shot) 

No. of cases 
No. of person-yr 
Multivariate relative risk 

(95% CI) 

130 
204,565 

1 .o 

44 52 
82,603 118,169 

0.91 (0.64-1.29) 0.89 (0.64-1.24) 

19 7 
38,694 17,948 

1.00 (0.61-1.63) 0.65 (0.30-1.41) 

120 
200,020 

1.0 

37 52 24 19 
62,602 35,563 

0.80 (0.51-1.25) 1.10 (0.67-1.80) 
52,358 111,437 

1.35 (0.93-1.96) 0.92 (0.61-1.27) 

105 
219,127 

1.0 

33 44 
73,332 95,806 

0.98 (0.66-1.45) 0.87 (0.61-1.25) 

45 25 
44,449 29,264 

1.33 (0.93-1.90) 0.88 (0.56-1.39) 

Water (1 cup) 
No. of cases 
No. of person-yr 
Multivariate relative risk 

(95% CI) 

50 
84,681 

1.0 

53 89 
81,649 155,573 

1.18 (0.80-1.75) 0.96 (0.67-1.36) 

44 16 ._ _ _  
91,807 48,268 

0.71 (0.47-1.07) 0.49 (0.28-0.86) 

'The multivariate relative risk was adjusted for geographic region (five regions), age (in five-year categories), pack-years of smoking (six 
categories), current smoking status (smoker or nonsmoker), energy intake (in quintiles), and intake of fruits and vegetables (five categories). 
Because of rounding, the total number of person-years varies for different beverages. 

tThe metric equivalents of the amounts of various beverages are as follows: coffee, 240 ml; decaffeinated coffee, 240 ml; tea, 240 ml; beer, 
360 ml; wine, 120 ml; liquor, 45 ml; and water, 240 ml. CI denotes confidence interval. 

$The frequency of intake varied according to beverage type because of differences in the levels of consumption among beverages. 

er smoked; P= 0.99 for former smokers vs. those who 
had never smoked). 

DISCUSSION 
In this prospective study of 47,909 men, a high 

intake of fluids was associated with a reduced risk of 
bladder cancer after control for potential risk factors. 
When fluid intake was modeled as a continuous vari- 
able, the risk of bladder cancer decreased by 7 percent 
for every increment of 240 ml in daily fluid intake 

ified by cigarette smoking (Table 5 ) .  Because the 
numbers of cases for some of the strata were small, 
we collapsed total daily fluid intake into quartiles. The 
relative risk of bladder cancer for the highest as com- 
pared with the lowest quarde of total daily fluid in- 
take was 0.31 among current smokers, 0.59 among 
former smokers, and 0.58 among those who had nev- 
er smoked. There was no statistically significant in- 
teraction between smoking and total fluid intake 
(P=O.61 for current smokers vs. those who had nev- 
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TABU 5. RELATIVE RISK OF BLADDER CANCER ASSOCIATED WITH TOTAL DAILY FLUID INTAKE, 
ACCORDING TO SMOKING STATUS IN 1986.’ 

VARIABLE 

P VALUE 
FOn 

au- OF TOTAL FLUID INTAKE TREND 

1 2 3 4 

Total fluid intake (ml/day) 
Nonsmokers (incidence, 3/10,000) 

No. of cases 
No. of person-yr 
Relative risk (95% CI) 

No. of cases 
No. of person-yr 
Relative risk (95% CI) 

No. of cases 
No. of person-yr 
Relative risk (95% CI) 

Former smokers (incidence, 7/10,000) 

Current smokers (incidence, 1/1000) 

4398 

22 
61,493 

1.0 

35 
41,446 

1.0 

13 
7,183 

1.0 

1398-1859 

18 
56,057 

0.90 (0.48-1.69) 

45 
46,007 

1.33 (0.87-2.01) 

14 
9,135 

0.74 (0.34-1.59) 

1860-2390 

9 
49,398 

0.51 (0.23-1.14) 

34 
50,581 

0.65 (0.39-1.09) 

14 
11,508 

0.70 (0.32-1.54) 

>2391 

8 
41,419 

0.58 (0.24-1.37) 0.11 

22 
53,908 

0.59 (0.31-1.07) 0.02 

7 
15,769 

0.31 (0.11-0.84) 0.02 

‘Eleven cases in patients for whom information on smoking was missing were excluded. For nonsmokers, the multi- 
variate rclativc risk was adjusted for geographic region (five regions), age (in 6 v e - y ~ ~  catcgorics), energy intake (in +des), 
and intake of fruits and vegetables (five categories). For current and former smokers, adjustment was also madc for pack- 
years of smoking (six categories). CI denotes contidence interval. 

we measured. Study participants in the highest quin- 
tile of fluid intake had a 49 percent lower incidence 
of bladder cancer than those in the lowest quintile. 
The consumption of both water and all other types 
of fluid combined contributed to the lower risk. 

In the only other cohort study of fluid intake, 
which involved 52 cases of bladder cancer, the total 
intake of fluid was not sigmficantly associated with 
the risk of bladder cancer,18 although the statistical 
power of the study was low. A case-control study did 
report a sigdicant inverse association between total 
fluid intake and bladder cancer in women, particu- 
larly among smokers.27 A number of case-control 
studies,20-24J1 but not all,19J5-27,42 have reported posi- 
tive associations between the total intake of fluids and 
the risk of bladder cancer, explained largely by the 
intake of coffee or alcoh01.21-23 In part, the positive 
findings for coffee and alcohol intake in some stud- 
ies may be due to residual confounding resulting 
from incomplete control for the effect of cigarette 
smoking. The results of most studies, including ours, 
do not provide evidence that the intake of alco- 
ho113-15J7J8 or coffee” increases the risk of bladder 
cancer. 

Because our base-line questionnaire did not assess 
the source of water consumed (tap water vs. bottled 
water), we were unable to determine the influence of 
the source of water on our results. However, accord- 
ing to a questionnaire f l e d  out by 34 percent of the 
cohort in 1993 and 1994, 78 percent of the men 
usually drank municipal water, and of the bladder 
cancers in that subgroup, 75 percent of the cases de- 
veloped in participants who drank municipal water. 
Moreover, an inverse association between water in- 

take and the risk of bladder cancer was consistent 
among all regions of the United States and was ap- 
parent among the participants who were known to 
drink municipal water (48 cases; relative risk, 0.57; 
95 percent confidence interval, 0.21 to 1.53 for 
highest vs. lowest quintile of total fluid intake). Pre- 
vious investigators have hypothesized that chlorination 
byproducts may account for the increased risk of 
bladder cancer in some regiolls.1OJ8-31 However, estab- 
lishing a person’s exposure to chlorination byprod- 
ucts is diEdt. In studies that have examined persons 
with long-term exposure to chlorinated water (ex- 
posure lasting 40 or more years), the relative risk of 
bladder cancer, as compared with that among persons 
with no such exposure, has not exceeded 2.0.28,31,42 
Although we cannot exclude the possibility that long- 
term exposure to chlorination byproducts in public 
water may increase the risk of bladder cancer, our 
data suggest that in the United States, a high intake 
of water may reduce the risk of bladder cancer by 
about 50 percent on average. 

Many carcinogenic xenobiotics are ultimately 
metabolized to methylated or conjugated products, 
which increases their water-solubility and facilitates 
excretion. Although most conjugated substances are 
not highly reactive, certain urinary conditions can fa- 
cilitate the conversion of inactive substances to their 
carcinogenic forms.43 Concentrated urine, or less- 
frequent micturition, will increase the exposure of 
the bladder urothelim to urinary carcinogens. This 
theory, named the urogenous-contact hypothesis, has 
been offered as an explanation for the inverse asso- 
ciation found between the risk of bladder cancer and 
fluid intake.4.27 This hypothesis is supported by a 
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study in which dogs that had been administered a 
known human urinary bladder carcinogen (4-ami- 
nobiphenyl) had significantly increased urothelial lev- 
els of DNA adducts when the average fiequency of 
voiding was reduced.@ The relation of fluid intake to 
risk that we found in our study was at least as strong 
among smokers, who have a high concentration of 
tobacco-related carcinogens in the urine, as among 
nonsmokers. Because the underlying rate of cancer is 
three to five times as high among smokers as among 
nonsmokers, smokers stand to benefit most by in- 
creased fluid intake. 

The removal of cases diagnosed during the first 
three or five years of this study did not alter the 
overall results; therefore, it is unlikely that the asso- 
ciations between total fluid intake and the risk of 
bladder cancer arose because of dietary changes made 
before diagnosis by men with latent tumors. Because 
dietary factors and known confounders were meas- 
ured before bladder cancer was detected, it is unlikely 
that the findings were influenced substantially by re- 
call or selection bias. 

We cannot rule out the possibility that some un- 
measured confounder accounted for the associations 
found in this study, but residual confounding by the 
covariates that we included is unlikely. In this co- 
hort, the only strong risk factor for bladder cancer 
(with the exception of age) was smoking. The con- 
trol for smoking accounted for virtually all  the dif- 
ferences found between the age-adjusted and multi- 
variate relative risks, including the stronger inverse 
relation of the multivariate risk to total fluid con- 
sumption. Additional controls for the amount of 
current cigarette smoking, and for time since quit- 
ting among former smokers, did not alter the results, 
and we found an inverse association between total 
fluid intake and the risk of bladder cancer among 
those who had never smoked. Therefore, residual con- 
founding by smoking is unlikely to be responsible 
for our findings. Furthermore, we observed similar 
results when we fitted a Cox regression model with 
time-dependent covariates and age as the time scale 
to our data. For these reasons, residual confounding 
by either smoking or age is unlikely to explain the 
findings. We found almost no differences in the rel- 
ative risk of bladder cancer calculated before and after 
we controlled for fruit and vegetable intake. 

Additional studies are needed to evaluate the tem- 
poral relation between increased fluid consumption 
and changes in the risk of bladder cancer and to de- 
termine the generalizability of our results to other 
populations. In the meantime, a generous intake of 
fluids is sensible, because it can reduce the risk of 
kidney stones37345 and possibly bladder cancer as well. 
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