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Mouthrinses containing alcohol and
oral cancer. Revision of epidemiological
studies

Colutorios que contienen alcohol y céncer
bucal. Revision de estudios epidemioldgicos

Abstract: The strong association between alcohol usage and the development of oral can-
cer (OC) has been reported in numerous papers. As some mouthrinses contain significant
amounts of ethanol, a possible relationship to this pathology has been considered. The
purpose of the present paper is to analyze several epidemiological studies which evaluated
the association between commercial mouthrinses and the etiology of OC. Although some
authors report an association, most of the studies are unclear and sometimes contradic-
tory. The controversial aspects regarding the role of alcohol in OC may also make difficult
to find a clear relationship between the use of mouthrinses containing alcohol and OC.
Descriptors: Mouthwashes; Oral cancer; Acetaldehyde; Alcoholic beverages.

Resumen: Existen numerosas publicaciones que informan una fuerte asociacion entre el
consumo de alcohol y el desarrollo del cancer oral (CO). Debido a que algunos colutorios
contienen cantidades significativas de etanol se ha considerado una posible relacién entre
su uso y esta patologia. El proposito del presente trabajo es analizar algunos estudios
epidemioldgicos en los cuales se evalud la posibilidad de que los colutorios comerciales
puedan estar involucrados en la etiologia del CO. Aunque algunos autores informan aso-
ciacion, la mayoria de los estudios son poco claros y algunas veces contradictorios. Los
aspectos controversiales respecto al papel del alcohol en el CO, dificultan el hallazgo de
una relacion directa entre el uso de los colutorios que contienen alcohol y el CO.
Descriptores: Antisépticos Bucales; Cancer oral; Acetaldehido; Bebidas alcohdlicas.
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Introduction

Oral cancer (OC) is a serious public health
problem that causes morbidity and mortality, with
no major prognostic improvement observed in de-
cades. There is high variability in the Oral and
Pharyngeal cancer (OPC) incidence and mortality
rates in different regions of the world. The inci-
dence of OPC in men is higher in the Rhine ba-
sin area in France, in the south of India where this
is the most frequent form of cancer, and in some
east and central European areas.!"3? In women the
highest incidence rate was registered in India. In
Latin America and the Caribbean intermediate in-
cidence rates have been reported, but this pattern is
not homogeneous.3* The lowest OC incidence rates
in males are observed in Chile, Ecuador, Colom-
bia, Venezuela, and Mexico, and the highest rates,
in Puerto Rico, some areas of Brazil, Uruguay and
northeast of Argentina.”3? There is a lack of infor-
mation about the incidence trend, but temporal se-
ries available from Sao Paulo city (Brazil) and Coér-
doba city (Argentina) revealed increasing trends,
especially in females.*3%53

It is known that both tobacco and excessive al-
cohol use increase the risk of developing upper
aero-digestive tract cancer in humans.'%2"-233 The
rising trends in OC mortality, and OC occurrence
in the absence of tobacco and alcohol use**$ led sci-
entists to consider other potential risk factors like
oral cavity infections and diseases, sores caused by
dentures,?>* deficient oral hygiene,?!:2%27:36:42:56 hoor
dental status,'$?1:255¢ dental trauma,*® dietary defi-
ciencies and low levels of nutrients present in serum
such as carotenoids,?"*” and also the possible in-
tervention of some viruses as the papillomavirus,*
herpes virus hominis and Epstein-Barr virus in the
etiology of OPC.?3"%5 Because most commercial
mouthrinses contain significant amounts of ethanol,
and because mouthrinses are used by a large pro-
portion of the adult population, some authors have
also considered their possible relationship to OC.
Alcohol is used in mouthrinses as a solvent of the
active principles and as an antiseptic and active pre-
servative up to 12 percent.*!

The aim of this paper was to analyze the epide-
miological evidence concerning the association be-
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tween commercial mouthrinses containing alcohol
and OPC.

Overview of epidemiologic
studies

Eight studies were analyzed between 1979 and
2001 and the main aspects are summarized in Ta-
ble 1.

Weaver et al.*” (1979) reported a case-control
study composed of 200 patients with OPC and 50
general surgical patients serving as controls. They
reported that among 11 non-smokers and non-
drinkers, 10 had used mouthrinses twice a day for
more than 20 years. In this case, significant excess
risk was found for mouthrinse use (p < 0.001). The
majority of the mouthrinses contained 25% of alco-
hol and 8 of them used the same trademark. Such
relationship was not evident when patients with can-
cer who used tobacco and alcohol were included in
the comparison. The authors pointed out two limi-
tations: the small sample size and the lack of compa-
rability between cases and controls.

Blot et al.? (1983) published a case-control study
based on a five-minute telephone interview involving
206 women with OPC and 352 controls, who were
asked about the patterns of mouthrinse use. No sig-
nificant overall increase in risk was found among
users. The relative risk adjustment for snuff-dipping
and smoking habits was 1.15 (95% CI 0.8, 1.7);
this relative risk associated with mouthrinse use in-
creased to 1.94 (95% CI 0.8, 4.7), however, among
women abstaining from tobacco. Consistent dose-
responses were not observed for this subgroup. The
alcohol content of the product used was unknown,
as were the reasons for mouthrinse use.

Wynder ef al.>* (1983) reported a hospital-based
investigation of 568 controls and 571 patients with
OPC. The frequency of mouthrinse use was separat-
ed in different categories depending on the duration
of the use in years. The study results were negative
for the association between daily mouthrinse use
and OPC among men. In women (157 cases and 157
controls) the crude data indicated moderate associa-
tion (RR of 2.8); but no dose-response relationship
with increased duration of use was observed in non-
smoking, non-drinking women as well. Multiple
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Table 1 - Epidemiological studies concerning the association between mouthrinses containing alcohol and oral cancer.

Publication Study Characteristics and limitations of the study iaifhsaeh Conclusions
alcohol content
Weaver et * Case/control * Small sample. Considered * Significant excess risk
al.47 (1979) * 200/50 (11/10) * Lack of comparability between cases and only in non-smokers and
controls. non-drinkers.

Blot et al.? * Women * No consistent dose-response relationship. Unknown * No association.

(1983) * Telephone interview * Slightly increased risk in
* Case*/control non-smokers.
* 206/352

Wynder et * Hospital-based * Lack of comparability between cases and Not reported | * No association among

al > (1983) investigation controls. men.

* Case*/control
* 571/568

No dose-response relationship in non-smoker
and non-drinker women.

Doubtful moderate
association in women.

(157/157 women)

bias.

Possibility of confounding by tfobacco and
alcohol use considering the underreporting

Mashberg et | ¢ Veterans Hospital-

Tobacco and alcohol consumption was con-

Considered

Inverse association between

al.?8 (1985) based sidered. mouthwash use and OPC,
* Case*/control regardless of the amount of
* 95/913 males at risk alcohol consumption.
Young et * Multi-hospital- * Neither tobacco nor alcohol consumption was | Not reported | No association.
al.# (1986) based controlled.
* Case*/control
* 317/306
Kabat et al.’® | * Multi-hospital-based | ® Frequency, duration of use, dilution or rinsing Not reported | No association.
(1989) * Case*/control practices were considered.

* 125/107 women

Winn et al.*® | * General population | ® Adjusted by tobacco and alcohol consump- Considered Increased risk, 40% in male
(19971) * Case*/control tion. and 60% in female.
° 866/1,249 * Increased risk related to duration and fre-
quency of mouthrinse use.
Winn et al.®" | ® General population | ® Unable o evaluate the accuracy of reporting Considered No association

(2001) Case/control

° 342/521

of tobacco, alcohol or mouthrinse use.
No evidence of a dose-response effect for any
of several measures of mouthrinse use.

*Include lips, hypopharynx, larynx and salivary glands.

logistic regression including all factors of interest
showed inconsistent results for duration and fre-
quency of mouthrinse use. The authors concluded
that “due to the absence of a dose-response relation-
ship and the possibility of confounding by tobacco
and alcohol use, and considering the underreport-
ing bias on alcohol in women, it was not possible
to attribute causal significance to the association be-
tween daily mouthrinse use and OC in women”.
Mashberg et al.?® (1985) included 95 cases and
913 controls as a part of a large case-control study
on a male veteran population at risk (drinking and
smoking) for OPC, which provided complete histo-
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ries in a questionnaire that included data on mouth-
rinse use. They considered the mouthrinses’ alcohol
content. The authors found no significant differenc-
es in the frequency of mouthrinse use in cancer cases
versus controls. When a logistic regression analysis
was performed to simultaneously remove the effects
of age, or smoking and drinking habits, OPC did
not appear related to mouthrinse use.

Young et al.* (1986) described a multi-hospital-
based case-control study of 317 OPC cases and 306
control subjects who had a cancer of head and neck
“not thought to be related to tobacco use” or cancer
of the larynx. The results of this study were clearly



negative but there were limitations related with the
study design; for example, the study finds negative
incidence for mouthrinse use despite the fact that
neither smoking nor drinking were controlled.

Kabat et al.'® (1989), in a multi-hospital-based
investigation, obtained interviews from 125 wom-
en with OC and 107 female controls. The authors
found no association between mouthrinse use and
OC in terms of frequency, duration of use, dilution
or rinsing practices; no information was available re-
garding the alcohol content of the product used. The
relationship between OC and mouthrinse use could
not be established because women used mouthrinses
to disguise breath odors of tobacco or alcohol.

Winn et al.*® (1991) reported interviews with 866
OPC patients and 1,249 controls of similar age and
gender from the general population in four areas
of the United States. This study revealed increased
risks of OPC associated with the regular use of
mouthrinses by 40% among male and 60% among
female mouthrinse users after adjusting for tobacco
and alcohol consumption. Risks in both sexes gen-
erally increased in proportion to duration and fre-
quency of mouthrinse use. The increased risks were
confined to users of mouthrinses high in alcohol
content, consistent with the elevated risks associated
with drinking alcoholic beverages.

Ten years later, the same authors®! performed a
similar analysis with 342 cases of OPC registered
in Puerto Rico and 521 population-based controls.
They found that one fourth of the cases of OC in
men and half of the cases in women were not related
to tobacco or alcohol. An elevated but non-signifi-
cant risk was observed in non-smokers/non-drink-
ers, among whom an effect of alcohol-containing
mouthrinses would be most likely evident. This
study appears to have been generally well conduct-
ed, but the authors acknowledge that they were un-
able to “evaluate the accuracy of the reporting of
tobacco, alcohol or mouthrinse use”. There was no
evidence of a dose-response effect for any of several
measures of mouthrinse use. They concluded that
there was no overall increased risk of OC associated
with mouthrinse use.

White lesions, associated to misuse or long-term
use of alcohol-containing mouthrinses, have been
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observed in human oral mucosa and in labora-
tory animals."3! Nevertheless the validity of these
reports is doubtful, considering that, in the first
case’!, the authors reported the effects of undiluted
mouthrinses containing 70% of alcohol and, in the
second study, Bernstein et al.' (1979) performed the
experiment applying buccal cheek pouches to ham-
sters during 45 minutes daily for 41 days. All these
studies are controversial and more investigation is
necessary.

Possible role of alcohol in oral
carcinogenesis

The above information does not support a
straightforward relationship between alcohol-con-
taining mouthrinses and OC, although a strong as-
sociation between alcohol and tobacco use and the
development of OC has been reported in numerous
papers. These results agree with the studies of Car-
retero-Pelaez et al.® (2004), Elmore et al.® (1995)
and Cole ef al.® (2003). In a review*, Wight, Og-
den (1998) reported that in most studies alcohol is
considered as an independent factor in increasing
the risk of oral carcinogenesis.*” Nevertheless these
authors reported in that paper many controversial
aspects regarding the possible role and the action
mechanism of alcohol. There is also high controver-
sy due to the type of alcohol consumed. Differenc-
es in the fermentation, distillation and maturation
processes may also result in specific impurities or
contaminants in the alcoholic beverage which can
also be carcinogenic themselves including acetal-
dehyde, nitrosamines,*>*¢ aflatoxines, ethyl carba-
mate (urethane), asbestos and arsenic compounds.!”
Nevertheless, according to the literature and con-
sidering also some studies in animals, it seems that
the total amount of alcohol' and the duration of
alcohol consumption?® are more important factors
than the type or constitution of the beverage con-
sumed. On the other hand, Huang et al.'* (2003)
found that heavy consumers of liquor had strongly
increased the risk of OC in a case-control popula-
tion-based study, suggesting that alcohol concen-
tration is a risk factor for OC independently of the
total amount consumed. Studies have been carried
out in Western France (where there is a high inci-
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dence of OPC) to look at various constituents of
alcoholic beverages produced in this area. Loquet
et al.?® (1981) found that many constituents of the
alcoholic beverages in this region are mutagenic.
However, animal studies have shown no increase
in esophageal cancer in rats treated with these lo-
cally produced beverages.?®

The alcohol metabolism in the organism also
should be considered to understand its possible
role in oral carcinogenesis. Ethanol and water are
the main components of alcoholic beverages. Etha-
nol is mainly metabolized in the liver through the
following steps: oxidation to acetaldehyde via the
enzyme alcohol dehydrogenase (ADH); conversion
to acetate by the aldehyde dehydrogenase (ALDH);
and oxidation to carbon dioxide, water and fatty
acids. Extra-hepatic metabolism in oral, gastric and
esophageal mucosa has also been reported and, in-
terestingly, the activity of ALDH in oral mucosa is
less than the activity of ADH, which could allow
the accumulation of acetaldehyde in oral tissues;’
the concentration of this substance is influenced
by the different genotypes of ADH and ALDH.!>#4
Oral physiological microflora may also lead to an
increase in salivary acetaldehyde production from
ethanol in patients with poor dental status.'* Ex-
perimental work has shown that acetaldehyde is
highly toxic, mutagenic and carcinogenic while
pure ethanol is not carcinogenic itself and could
be considered more as a co-carcinogen rather than
a tumor initiator. To this extent, different studies
support the observation that alcohol may increase
the penetration of carcinogens in the oral mucosa.
Howie et al.® (2001) suggest that short-term expo-
sure to ethanol may act as a permeability enhancer,
possibly by molecular rearrangement of the perme-
ability barrier instead of the result of lipid extrac-
tion. Nevertheless it seems that more in vitro and
animal studies are necessary to investigate these
possible roles of alcohol in carcinogenesis. Experi-
mental work has also been performed to study the
morphological changes in the oral mucosa. Epithe-
lial atrophy of esophageal mucosa after prolonged
exposure to ethanol was found. It was due to a
decrease in cellular size, with a statistically signifi-
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cant reduction in mean cytoplasmic area and mean
nuclear area’*% and not to a decrease in the num-
ber of cellular layers;*?*% other authors observed
different degrees of cellular damage depending on
alcohol concentration.’* In the long-term exposure,
they found displastic changes with keratosis and in-
creasing density of basal cell layer.32#3*

Final considerations

Ethanol has a carcinogenic effect mainly caused
by its metabolite acetaldehyde.!>* The high long-
lasting levels of this substance microbiologically
produced in saliva of alcohol consuming subjects
could be a biological explanation for the epidemio-
logical findings."> On the other hand, if the mouth-
rinses contain high concentrations of alcohol, they
contribute to decrease the amount of oral bacteria
and consequently the concentration of acetaldehyde
in the oral cavity. These authors® reported that in
vivo acetaldehyde production is significantly re-
duced after 3-days use of an antiseptic mouthrinse
(chlorhexidine).

In many cases, mouthrinses are used to disguise
alcohol or tobacco smell and also to disguise breath
odors due to mouth infections or dental problems,'s
which are risk factors themselves. No cause-ef-
fect relationship can be suspected unless the use of
mouthrinses precedes, rather than follows, the earli-
est manifestations of the OC, which is not easy to
identify. Many experimental results indicate that
antiseptic mouthrinses significantly reduce the pro-
duction of acetaldehyde; it is therefore unlikely that
the use of these mouthrinses increases the risk of
developing OPC, and further studies are necessary.
All the above mentioned controversial aspects make
difficult to find a clear relationship between alcohol-
containing mouthrinses and OC. In addition, few of
the studies adhere to basic methodologic principles
of case-control design.® In the future, it would be
necessary at least to homogenize the samples in or-
der to obtain conclusive results.*’

In conclusion, up to now it has not been possible
to establish a causal relationship between the use of
alcohol-containing mouthrinses and the develop-
ment of OC.
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