Artificial Sweetener Use and Bladder Cancer:
A Case-Control Study
Abstract. In a case-control study of 302 male and 65 female bladder cancer patients and an equal number of other patients matched to them in age, SeX, hospital,
and hospital-room status, no {Issociatian was found between use of artificial sweetel1ers or diet beverages and bladder cancer. No dose-response was observed with
respect to quantity or duration of use or the two combined. No evidence was found to
suggest that artificial sweeteners or diet beverages promote the tumorigenic effect of
tobacco smoking. Artificial sweetner and diet beverage use strongly reflected socioeconomic status among controls with various diagnoses.
and interviewed in the same period. All
diagnoses were verified histopathologically.
The interviews were conducted in the
hospitals by professional interviewers.
Data were obtained on a variety of demographic variables and on the use of tobacco, alcohol, coffee, tea, and other
beverages, including those containing artificial sweeteners.
Comparison of background variables
indicated, as in our previous studies, that
the male bladder cancer cases tended to
be of much higher professional and educationallevels than the males in the control pool and the female cases were much
lower than female controls (10). A substantial proportion in the control pool
had diseases linked to lower socioecomomic background, especially cancer of
the lung, the larynx, and the mouth (7,
1I). Several variables indicative of socioeconomic level were strongly associated with both AS and DB use. Therefore a subset of controls was chosen (by
computer) which matched the cases on a
one-to-one basis not only in age (in decades) and sex but also in hospital and
hospital-room status (private, semiprivate, or ward), these being found to be
an excellent indicator of socioeconomic
status. Matches were found for all but 10

The relation between saccharin and
bladder cancer in humans is a matter of
both public and scientific controversy,
extending even into the arena of legislative debate and regulatory processes.
Experimental and epidemiological evidence to date has provided contradictory
results. Several feeding studies have
demonstrated a statistically significant
increase in bladder tumors in male rats
(1), and tumor-promoting effects have
been observed in vitro (2) and in vivo (3).
Published epidemiological studies have
been uniformly negative (4), except for
one in which an increased risk was reported for males only (5).
We present here data on the relation
between artificial sweetener (AS) and
diet beverage (DB) use and bladder cancer collected in an ongoing case-control
study of smoking and disease (6-8) by
means of interviews of patients in hospitals in New York and several other
cities. Cases eligible for the present
study were 312 male and 79 female patients admitted with a first diagnosis of
bladder cancer who were interviewed
between August 1977 and June 1979. The
population from which the controls were
drawn consisted of 3798 male and 1799
female patients admitted for other conditions, neoplastic and nonneoplastic (9),

Table I. Regular users of artificial sweeteners and diet beverages among bladder cancer patients
and matched controls. Regular use was defined as continued use for at least 1 month. The
reported frequency of regular use lasting less than I year was < I percent.
Females (%)

Males (%)
"'hen
regularly used

Cases
= 302)

(N

Never
Currently
Formerly
Quit s; I year ago
Quit> I year ago

74.8
16.6

Never
Currently
Formerly
Quit s; 1 year ago
Quit> I year ago

85.1
13.6

1214

2.3
6.3

1.3

Controls
(N

= 302)

Artificial sweeteners
73.5
18.9
3.3
4.3
Diet beverages
82.8

16.2
0.3
0.7

0036-8075/0010314-1214$OO.5{j/0

Cases
65)

(N

Controls
(N = 65)

78.5
16.9

70.8
2L5

4.6

3.1
4.6

84.6
13.8

75.4
20.0

1.5
4.6
Copyright © 1980 AAAS

male and 14 female cases. The diagnoses
of the male matched controls were tobacco-related cancers (lung, larynx,
mouth, and esophagus), 23 percent; other cancers, 38 percent; benign neoplastic
diseases, 5 percent; and nonneoplastic
conditions, 34 percent. Among the women the corresponding figures were 14, 36,
7, and 43 percent.
The quantity of regular AS intake (12)
is reported here in terms of units per day,
a unit being roughly equal to 20 to 40 mg
of saccharin, depending upon which
commercial product is used; no attempt
was made to identify dosages more precisely. Canned diet beverages usually
contain 8 to 11 mg of saccharin per
ounce. The unit of DB consumption was
taken to be a 12-ounce can, that being
the most popular size. Information on
use of diet foods was not obtained (13).
Among males, 25.2 percent of the cases and 26.5 percent of the matched controls reported current or past regular use
of AS; among females, 21.5 percent and
29.2 percent (Table 1). Among male
users, more controls than cases (43 percent versus 25 percent, P < .05) were or
had been heavy (4+ units a day) AS
users; no other statistically significant
differences in duration or amount were
found between cases and controls of either sex (Tables 2 and 3).
Of particular interest are those who
used AS or DB in large quantities for
long periods of time. If AS enhances carcinogenesis in the bladder, then these
persons should be overrepresented
among the cases. We classified AS users
as either having or not having consumed
at least 2 units per day for at least 10
years. There were no statistically signifi·
cant differences between cases and controls classified on this measure or on an
analogous DB measure.
We computed the average quantity
and duration of AS usage for cases and
controls, as well as the mean of the product of quantity (units per day) and duration of use in years as a measure of cumulative dose. There were no statistically significant differences between cases
and controls for any of these variables.
We also attempted to quantify lifetime
AS intake, estimated as grams of saccharin, with a composite AS and DB measure. For this calculation, the lifetime
saccharin consumption for each regular
user of AS or DB was estimated as (AS
units per day x 30 mg x 365 x years
of AS use) + (DB cans per week x 110
mg x 52 x years of DB use). The lifetime saccharin intake estimated in this
way was about 20 percent lower for cases than for controls (408 g for male casSCIENCE. VOL. 207, 14 MARCH 1980

Table 2. Quantity of artificial sweeteners (per day) and diet beverages (per week) used regularly by bladder cancer patients and
matched controls. Artificial sweeteners are estimated in units of 20
to 40 mg'of saccharin, diet beverages in 12-ounce cans or equivalent
(see text).
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Table 3. Duration of regular use of artificial sweeteners and diet beverages by bladder cancer patients and matched controls.
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es, 496 g for male controls; 372 g for female cases, 455 g for female controls).
The differences were not statistically significant.
Risk ratios (RR) for bladder cancer
among AS and DB consumers (Table 4)
were estimated by the matched-pair procedure described by Miettinen (14). No
changes of any substance were produced
by differentiating current and former
users. The RR (and 95 percent confidence interval) among men was 0.93
(0.68-1.28) for AS and 0.85 (0.55-1.17)
for DB, and among women 0.62 (0.26lAO) and 0.60 (0.27-1.29), respectively.
The RR estimates did not vary appreciably when further controlled for a number of potentially confounding variables,
such as history of diabetes, obesity, occupation, education, religion, and coffee
or tea consumption (15).
The possibility that AS piays the role
of a promoter rather than a primary carcinogen was investigated by computing
RR's by the Mantel-Haenszel method
(16) for subjects who were cunent longterm (:2': 10 years) smokers of cigarettes
(17). In men theRR was 0.56 (0.29-1.09),
in women 1.04 (0.21-5.09); similar results were obtained for DB. No statistically significant changes occurred when
smokers were further classified by the
number of cigarettes smoked per day.
For completeness, the association between cigarette smoking and bladder
cancer was examined, as in our previous
studies (6,7), by estimatingRR's among
present smokers relative to nonsmokers.
For men the RR was 2.53 (P < .001); for
14 MARCH 1980

women 2.19 (P"" .05). These estimates
are probably somewhat low because of
inclusion of controls with tobacco-related cancers, but they are consistent
with our previous reports.
It is possible, of course, that the absence of a demonstrable association in
our data between AS or DB use and
bladder cancer is due to insufficient
sample size. At levels of 5 percent significance and 80 percent power, and with
an AS usage rate of25 percent among the
male controls, the minimum RR detectable with the given sample size is about
1.5 (18). For women the corresponding
figure is about 2.8. The estimated RR's
are not significantly different from 1, but
the upper limits of their 95 percent confidence intervals are 1.28 (men) and 1.40
(women). However, the lack of a doseresponse in this study and the repeated

findings of a negative association between AS or DB consumption and bladder cancer in women in t...'lJis and other
studies (4-6) are inconsistent with a
causal hypothesis, as is the low bladder
cancer rate among diabetics (19), a group
which consumes large quantities of saccharin. Furthermore, while we found
obesity to be a major correlate of AS
and DB use, obesity has never been
reported as a risk factor for bladder
cancer (20).
The often-raised question of the risk
for children, especially those exposed in
utero, is not addressed here, nor can we
assess risks for older persons with lifelong DB use, because these high-saccharin products have not been on the market
sufficiently long. Furthermore, because
of the wide variation of saccharin consumption observed among patients with

Table 4. Matched-pair comparisons of use of artificial sweeteners and diet beverages by bladder
cancer patients and controls. RR, risk ratio; ('1., confidence interval.
Male controls
Male
cases

Used

Never

Female controls
Female
cases

used

Used
Never used

Artificial sweeteners
57
Used
165
Never used

Used
Never used

Diet beverages
39
Used
211
Never used
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61
RR
57/61
0.93
95 percent CI
0,68-1.28

6
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RR = 39/46 0.85
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0.55-U7
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llsed
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6
13 .
RR = 8/13
0.62
95 percent CI 0.26-1.40

8
38

9

1
15

40

RR
9/15
0.60
95 percent CI
0.27-1.29
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various types of cancers, surveillance of
AS and DB usage in hospital populations
should be continued.
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