Artificial Sweetener Use and Bladder Cancer:

A Case-Control Study

Abstract. In a case-control study of 302 male and 65 female bladder cancer pa-
tients and an equal number of other patients matched to them in age, sex, hospital,
and hospital-room status, no association was found between use of artificial sweet-
eners 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 so-
cioeconomic status among controls with various diagnoses.

The relation between saccharin and
bladder cancer in humans is a matter of
both public and scientific controversy,
extending even into the arena of legisla-
tive debate and regulatory processes.
Experimental and epidemiological evi-
dence 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 (¢), except for
one in which an increased risk was re-
ported for males only (5).

We present here data on the relation
between artificial sweetener (AS) and
diet beverage (DB) use and bladder can-
cer collected in an ongoing case-control
study of smoking and disease (6-8) by
means of interviews of patients in hos-
pitals in New York and several other
cities. Cases eligible for the present
study were 312 male and 79 female pa-
tients 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 condi-
tions, neoplastic and nonneoplastic (9),

and interviewed in the same period. All
diagnoses were verified histopathologi-
cally.

The interviews were conducted in the
hospitals by professional interviewers.
Data were obtained on a variety of de-
mographic variables and on the use of to-
bacco, alcohol, coffee, tea, and other
beverages, including those containing ar-
tificial 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 edu-
cational levels than the males in the con-
trol pool and the female cases were much
lower than female controls (/0). A sub-
stantial proportion in the control pool
had diseases linked to lower socioeco-
momic background, especially cancer of
the lung, the larynx, and the mouth (7,
11). Several variables indicative of so-
cioeconomic level were strongly associ-
ated with both AS and DB use. There-
fore a subset of controls was chosen (by
computer) which matched the cases on a
one-to-one basis not only in age (in dec-
ades) and sex but also in hospital and
hospital-room status (private, semipri-
vate, or ward), these being found to be
an excellent indicator of socioeconomic
status. Matches were found for all but 10

Table 1. 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 1 year was < 1 percent.

Males (%) Females (%)
When
regularly used Cases Controls Cases Controls
(N =302) (N =302) (N = 65) (N = 65)
Artificial sweeteners

Never 74.8 73.5 78.5 70.8
Currently 16.6 18.9 16.9 21.5
Formerly

Quit <1 year ago 23 33 3.1

Quit >1 year ago 6.3 4.3 4.6 4.6

Diet beverages

Never 85.1 82.8 84.6 75.4
Currently 13.6 16.2 13.8 20.0
Formerly

Quit <1 year ago 0.3 1.5

Quit >1 year ago 1.3 0.7 4.6
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male and 14 female cases. The diagnoses
of the male matched controls were to-
bacco-related cancers (lung, larynx,
mouth, and esophagus), 23 percent; oth-
er cancers, 38 percent; benign neoplastic
diseases, 5 percent; and nonneoplastic
conditions, 34 percent. Among the wom-
en 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 pre-
cisely. 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 (/3).

Among males, 25.2 percent of the cas-
es and 26.5 percent of the matched con-
trols 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 per-
cent 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 ei-
ther 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 car-
cinogenesis 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 con-
trols 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 prod-
uct of quantity (units per day) and dura-
tion of use in years as a measure of cu-
mulative dose. There were no statistical-
ly significant differences between cases
and controls for any of these variables.
We also attempted to quantify lifetime
AS intake, estimated as grams of saccha-
rin, with a composite AS and DB mea-
sure. 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 life-
time saccharin intake estimated in this
way was about 20 percent lower for ca-
ses than for controls (408 g for male cas-
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Table 2. Quantity of artificial sweeteners (per day) and diet bever-

ages (per week) used regularly by bladder

matched controls. Artificial sweeteners are estimated in units of 20

cancer patients and

Table 3. Duration of regular use of artificial sweeteners and diet bev-
erages by bladder cancer patients and matched controls.

to 40 mg of saccharin, diet beverages in 12-ounce cans or equivalent

(see text). Males (%) Females (%)
. Number
Number Males (%) Females (%) of Cases Con- Cases Con-
of years W = trols W = trols
. Cases Controls Cases Controls N = N =
units ~ o _ _ 302) 65)
(N =302 (N = 302) (N = 65) (N = 65) 302) 65)
Artificial sweeteners Artificial sweeteners
None 74.8 73.5 78.5 70.8 None 74.8 73.5 78.5 70.8
<laday 1.0 1.7 6.1 1-4 10.3 10.3 9.2 12.3
1 83 5.6 7.7 10.8 5-9 6.3 8.9 4.6 4.6
2 6.6 7.0 3.1 3.1 10 43 2.6 4.6 3.1
3 3.0 L7 3.1 3.1 11-15 2.0 1.3 3.1 4.6
4 L0 43 4.6 16+ 2.3 2.6 4.6
5-10 33 43 1.5 3.1 Not stated — 0.7
11+ 2.0 1.0 1.5 3.1 .
Diet beverages
Not stated 10 None 85.1 82.8 84.6 75.4
Diet beverages <1 0.3 3.1
None 85.1 82.8 84.6 75.4 1-4 53 6.0 7.7 12.3
<1aweek 3.1 5 0.7 33 1.5 3.1
1-3 6.3 53 9.2 10.8 6-9 1.3 2.0 1.5
4-7 53 8.3 4.6 6.2 10 4.6 23 1.5 4.6
8-14 1.3 2.0 4.6 11-15 23 2.6 3.1 1.5
15-21 1.3 0.7 16+ 0.3 0.3
22+ 0.7 1.0 1.5 Not stated 03 0.3

es, 496 g for male controls; 372 g for fe-
male cases, 455 g for female controls).
The differences were not statistically sig-
nificant.

Risk ratios (RR) for bladder cancer
among AS and DB consumers (Table 4)
were estimated by the matched-pair pro-
cedure described by Miettinen (/4). No
changes of any substance were produced
by differentiating current and former
users. The RR (and 95 percent con-
fidence 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 (0.26-
1.40) and 0.60 (0.27-1.29), respectively.
The RR estimates did not vary appre-
ciably when further controlled for a num-
ber of potentially confounding variables,
such as history of diabetes, obesity, oc-
cupation, education, religion, and coffee
or tea consumption (/5).

The possibility that AS plays the role
of a promoter rather than a primary car-
cinogen was investigated by computing
RR’s by the Mantel-Haenszel method
(16) for subjects who were current long-
term (= 10 years) smokers of cigarettes
(17). In men the RR was 0.56 (0.29-1.09),
in women 1.04 (0.21-5.09); similar re-
sults were obtained for DB. No statisti-
cally significant changes occurred when
smokers were further classified by the
number of cigarettes smoked per day.

For completeness, the association be-
tween cigarette smoking and bladder
cancer was examined, as in our previous
studies (6, 7), by estimating RR’s among
present smokers relative to nonsmokers.
For men the RR was 2.53 (P < .001); for
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women 2.19 (P = .05). These estimates
are probably somewhat low because of
inclusion of controls with tobacco-re-
lated cancers, but they are consistent
with our previous reports.

It is possible, of course, that the ab-
sence 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 signif-

~icance and 80 percent power, and with
an AS usage rate of 25 percent among the
male controls, the minimum RR detect-
able 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 con-
fidence intervals are 1.28 (men) and 1.40
(women). However, the lack of a dose-
response in this study and the repeated

findings of a negative association be-
tween AS or DB consumption and blad-
der cancer in women in this and other
studies (¢-6) are inconsistent with a
causal hypothesis, as is the low bladder
cancer rate among diabetics (/9), a group
which consumes large quantities of sac-
charin. 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 life-
long DB use, because these high-saccha-
rin products have not been on the market
sufficiently long. Furthermore, because
of the wide variation of saccharin con-
sumption 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; CI, confidence interval.

Maie controls Female controls
Male N Female N
cases ever cases ever
Used used Used used
Artificial sweeteners
Used 19 57 Used 6 8
Never used 61 165 Never used 13 38
RR = 57/61 = 0.93 RR = 8/13 = 0.62
95 percent CI = 0.68-1.28 95 percent CI = 0.26-1.40
Diet beverages
Used 6 39 Used 1 9
Never used 46 211 Never used 15 40

RR = 39/46 = 0.85
95 percent CI = 0.55-1.17

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.
ERNST L. WYNDER

. STEVEN D. STELLMAN
American Health Foundation,
320 East 43 Street,
New York 10017
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Detrital Nonprotein Amino Acidé Are the Key to Rapid
Growth of Tilapia in Lake Valencia, Venezuela

Abstract. The detritivorous cichlid Sarotherodon mossambicus grows rapidly on a
low-protein diet by assimilating detrital nonprotein amino acids. Differences in the
quantity of detrital amino acids in different lakes may account for the variable suc-
cess of S. mossambicus introductions around the world.

The world’s most productive fish are
the tilapias (family Cichlidae), which
feed as detritivores and herbivores at the
base of the aquatic food chain in tropical
and subtropical freshwaters (/). The de-
tritivorous species Sarotherodon mos-
sambicus (= Tilapia mossambica) is of
special interest. Hoping to benefit from
its high productivity, man has extended
the distribution of this species from a
small endemic zone in southern Africa to
many parts of the tropics and subtropics.
The results have been mixed: some in-
troductions established populations of
rapidly growing individuals that reach a
large size (> 2 kg); others resulted in
populations of slowly growing, stunted
individuals of no commercial value.

In an effort to explain this, the feeding
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ecology of S. mossambicus has been
studied in detail (2). Two recent findings
are of special significance for detritivo-
rous fish in general. First, the diet of rap-
idly growing S. mossambicus in Lake
Valencia, Venezuela, contains very little
protein (3). Growth rate in animals is di-
rectly proportional to the amount of pro-
tein in the diet; judging from the nutrition-
al requirements of other animals, protein
levels in the diet of S. mossambicus
should be adequate for maintenance only
(4). How do these fish grow so well on a
low-protein diet? Second, although the
exceptionally long gut of detritivorous
fish is assumed to be necessary for com-
plete digestion, in S. mossambicus com-
plete digestion and assimilation appear to
occur in the first half of the intestine (¢).
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