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Abstract
Alcohol drinking and tobacco smoking are assumed to have significant independent and joint effects on oral cancer (OC)
development. This assumption is based on consistent reports from observational studies, which, however, overestimated
the independent effects of smoking and drinking, because they did not account for the interaction effect in multivariable
analyses. This case-control study sought to investigate the independent and the joint effects of smoking and drinking on OC
in a homogeneous sample of adults. Case patients (N = 1,144) were affected by invasive oral/oropharyngeal squamous cell
carcinoma confirmed histologically, diagnosed between 1998 and 2008 in four hospitals of São Paulo (Brazil). Control
patients (N = 1,661) were not affected by drinking-, smoking-associated diseases, cancers, upper aero-digestive tract
diseases. Cumulative tobacco and alcohol consumptions were assessed anamnestically. Patients were categorized into
never/ever users and never/level-1/level-2 users, according to the median consumption level in controls. The effects of
smoking and drinking on OC adjusted for age, gender, schooling level were assessed using logistic regression analysis;
Model-1 did not account for the smoking-drinking interaction; Model-2 accounted for this interaction and included the
resultant interaction terms. The models were compared using the likelihood ratio test. According to Model-1, the adjusted
odds ratios (ORs) for smoking, drinking, smoking-drinking were 3.50 (95% confidence interval –95CI, 2.76–4.44), 3.60 (95CI,
2.86–4.53), 12.60 (95CI, 7.89–20.13), respectively. According to Model-2 these figures were 1.41 (95CI, 1.02–1.96), 0.78 (95CI,
0.48–1.27), 8.16 (95CI, 2.09–31.78). Analogous results were obtained using three levels of exposure to smoking and drinking.
Model-2 showed statistically significant better goodness-of-fit statistics than Model-1. Drinking was not independently
associated with OC, while the independent effect of smoking was lower than expected, suggesting that observational
studies should be revised adequately accounting for the smoking-drinking interaction. OC control policies should focus on
addictive behaviours rather than on single lifestyle risk factors.
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estimate the magnitude of this joint effect: two studies used the
Multiplicative Interaction Parameter and found that the joint
effect was three [6] and two [7] times greater than the individual
effects of smoking and drinking multiplied by each other; another
study investigated the Interaction Contrast Ratio and found that
the joint effect was greater than the additive effect of both
exposures by a factor of two [8].
These data demonstrated that the smoking-drinking interaction
has a statistically and clinically significant effect on oral cancer.
Therefore, observational studies designed to investigate the effects
of smoking and drinking on oral cancer must necessarily account
for this significant joint effect, because the absent account of the
interaction term leads to overestimate the independent effects of
smoking and drinking on oral cancer, in addition to insufficient
adjustment for distal covariates in studies assessing other risk
factors. The simplest method to account for such a joint effect in
regression analysis is the interaction term approach, which implies

Introduction
Tobacco smoking and alcohol drinking are lifestyle risk factors
which play an etiological role in oral cancer development with
sufficient evidence. Such a high level of evidence is corroborated
by a multitude of consistent observational studies published since
the 709s, which reported that these lifestyle risk factors were
significantly associated with oral cancer [1–4]. Subsequent
observational studies reported that oral cancer risk in subjects
exposed to both smoking and drinking was greater than additive.
More specifically, it was higher than the sum of the two individual
risks attributable to smoking alone and to drinking alone. Such
smoking-drinking joint (or interaction) effect was assessed informally, splitting samples into strata according to various levels of
exposure to smoking and drinking and reporting the differences in
oral cancer risk estimates between different strata [3,5]. Subsequently, pooled- and meta-analyses were designed to formally
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statistical power of the study on the basis of the characteristics of
the final sample.
Finally, since the two principal exposure variables were
evaluated anamnaestically, we assessed exposure to smoking and
drinking using methods endorsed and promoted by the International Agency for Research on Cancer (IARC).

that an additional variable -the interaction term- is included in the
model [9,10].
Astonishingly, no observational study published during the last
twenty-five years has accounted for the smoking-drinking interaction (reviewed by [3–5,8]). These considerations raise the suspect
that the independent effects of smoking and drinking on oral
cancer are currently overestimated, because meta-analyses and
systematic reviews are based on these observational studies [1–4].
This study aimed to contribute to this discussion, by assessing
the hypothesis that when the statistical model properly accounts
for the smoking-drinking joint effect, the independent effects of
smoking and drinking on oral cancer risk are lower than expected.
Specifically, we designed a case-control study to compare the
conventional method to assess the individual effects of tobacco
smoking and alcohol drinking which does not account for the
interaction effect, with an alternative assessment that accounts for
such a joint effect of both exposures.

Sample Selection
Cases. From November 1998 to December 2008 we enrolled
patients undergoing treatment for oral and oropharyngeal cancer
in four main hospitals of the city of São Paulo, Brazil (Hospital
Heliópolis; Hospital das Clı́nicas; Hospital A.C. Camargo;
Instituto do Câncer Arnaldo Vieira de Carvalho) to participate
in case-control studies assessing different aetiological hypotheses.
One of these four studies [15] assessed patients with head and neck
cancer enrolled for broader multicentre studies (namely, the
‘‘International study of environment, viruses and cancer of the oral
cavity and the larynx’’, Latin-American section, and the ‘‘Clinical
Genome of Cancer Project’’) [16]. The remaining studies [17–19]
exclusively assessed patients with oral and oropharyngeal cancer.
The current sample was gathered by merging the databases
from the four hospitals. The case group was exclusively composed
by newly diagnosed patients with invasive oral (C01–C06,
International Classification of Diseases, 10th revision) and
oropharyngeal (C09–C10) squamous cell carcinoma, confirmed
histologically. More specifically, cancers of tongue (C01, C02),
gum (C03), floor of mouth (C04), palate (C05), other unspecified
parts of mouth (C06), tonsil (C09) and oropharynx (C10) were
included, while cancers of lip (C00), nasopharynx (C11), hypopharynx (C13) and other sites of lip, oral cavity and pharynx (C14)
were excluded. Stage-0 cancers, corresponding to carcinoma in
situ, were excluded because they were not necessarily invasive.
In order to restrict cases to those who had the same reasonable
possibility of having had their disease induced by the exposure
under investigation [13], only patients from hospitals of the same
town were selected, a condition which guaranteed that unidentified or non-investigated oral cancer risk factors were uniformly
distributed within the population from which cases and controls
were selected.
Controls. Control patients were individuals assisted in
outpatient units of the same hospitals who followed the same
referral routes as case patients (i.e., primary healthcare services,
mainly general practitioners and general dental practitioners).
Controls were not to be affected by diseases potentially related
with drinking and smoking exposures. In addition, subjects with
current or past experience of cancer or aero-digestive tract diseases
were not eligible.
The data from the four study centres, merged in this study,
followed the matching procedures for gender and age. As one of
the study centres [15] focused on the broad category of head and
neck cancer, it was necessary to select only patients with oral and
oropharyngeal cancer from the database of that centre and to
exclude patients with cancers of nasopharynx, hypopharynx and
larynx, while all the controls were considered. For this reason, in
the present study the control group was larger than the case group
and an adjustment for age and gender also was mandatory.

Methods
Ethics Statement
All the four study centres, involved in this case-control study,
observed Brazilian and international statutes on ethics in research
regarding human beings; all patients signed an informed consent
and ethical clearance was given by the Research Ethics
Committees of all participating hospitals. More specifically, the
‘‘Comitê de Ética em Pesquisa do Complexo Hospitalar
Heliópolis’’, the ‘‘Comitê de Ética em Pesquisa - CEP - do
Hospital A.C.Camargo’’, the ‘‘Comitê de Ética em Pesquisa em
Seres Humanos do Instituto do Câncer Arnaldo Vieira de
Carvalho’’ and the ‘‘Comissão de Ética para Análise de Projetos
de Pesquisa da Diretoria Clı́nica do Hospital das Clı́nicas da
Faculdade de Medicina da Universidade de São Paulo’’.

Study Design
We designed a hospital-based, case-control study including
patients with squamous cell carcinoma of the oral cavity and
oropharynx confirmed histologically.
It was necessary to control or adjust the effects of smoking and
drinking for the effects of other factors. For diseases like oral
cancer with complex multifactorial aetiology, many behavioural,
genetic, environmental factors are even unknown [11,12].
Therefore, it is impossible to build an observational study which
accounts for all these factors. In addition, studies which do not
account for hidden/non-investigated/unknown variables overestimate the effects of the remaining investigated factors. We
overcame this serious problem including demographic variables
(age, gender and socio-economic level) in the set of covariates and,
most importantly, selecting cases and controls from the same
underlying population, that is, patients who sought for care in four
hospitals of São Paulo (Brazil), who followed similar referral
routes, that is, the general practitioners. The important advantage
of selecting the sample from a homogeneous population is that in
these circumstances, the hidden/non-investigated/unknown factors are part of the background environment, are assumed to be
uniformly distributed and, hence, can be disregarded, thus also
simplifying the statistical methods [13,14]. Therefore, single-centre
studies account for unidentified factors better than multi-centre
studies.
In addition, in order to increase the chance that non-significant
associations between the investigated variables and oral cancer
were truly due to lack of associations rather than to high level of
beta error, we collected the largest possible sample. We, therefore,
did not pre-assess the minimum sample size, but we assessed the
PLOS ONE | www.plosone.org

Explanatory Variables
Specifically trained examiners interviewed participants immediately after their clinical consultation in a separate room; hospital
files were consulted to register information comprised in the
medical record of patients. All cases and controls underwent
identical personal interviews regarding gender, age, schooling
level, tobacco smoking and alcohol drinking.
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on cancer. This model accounted exclusively for confounding and
assumed that: (1) smoking and drinking exerted individual effects
on oral cancer risk; (2) they were reciprocally associated; (3) they
did not exert interaction effect.
According to this model, the OR for the ‘‘ever smoking, ever
drinking’’ category was obtained by the inverse of the logarithm of
the sum of the coefficients of smoking and drinking, as provided by
logistic regression.
Model-2 was the model proposed here to investigate the effects of
lifestyle risk factors. This model accounted for confounding and
interaction and assumed that: (1) smoking and drinking exerted
individual effects on oral cancer risk; (2) they were reciprocally
associated; (3) they exerted interaction effect.
In order to account for the interaction effect, the interaction
term approach was preferred to other methods, such as the
stratified analysis with joint categories, because it was the most
widely applicable and practical [24]. As already noted, this
approach implied the use of the smoking-drinking interaction
term, given by the product between the two exposure variables.
When they were treated as binary, there was only one interaction
term, with score 1 for the ‘‘ever smoking, ever drinking’’ category
and score 0 for the remaining categories (i.e., ‘‘never smoking,
never drinking’’, ‘‘never smoking, ever drinking’’, ‘‘ever smoking,
never drinking’’). The OR for the ‘‘ever smoking, ever drinking’’
category was obtained by the inverse of the logarithm of the sum
of the coefficients of smoking, drinking and smoking-drinking
interaction term.
When exposure variables were categorized into three levels, four
interaction terms were generated, one for every type of joint
exposure, namely, ‘‘level-1 smoking, level-1 drinking’’, ‘‘level-1
smoking, level-2 drinking’’, ‘‘level-2 smoking, level-1 drinking’’,
‘‘level-2 smoking, level-2 drinking’’.
In order to check whether the OR estimates were artificially
inflated or overestimated by excess collinearity and multicollinearity, before running the regression analyses, the explanatory
variables were tested by means of pairwise Pearson’s correlation
coefficient (r) and variance inflation factor (VIF). The highest
acceptable values for r and VIF were set at 0.6 and 10,
respectively. The robustness of the OR estimates was also
investigated through validation analysis. Namely, the case and
the control groups were split into two halves: two random variables
were generated, one for cases, one for controls; the case and the
control groups were ordered according to these variables; the first
half of cases and the first half of controls were grouped in subsample 1, the remainder in sub-sample 2. Coefficients for smoking,
drinking and interaction terms and goodness of fit of regression
models were re-estimated in both sub-samples. According to the
validation analysis, coefficients, compared using the 95% CIs,
must not differ between sub-samples, while p-values of 22log
likelihood must be similar [9,25].
The goodness of fit of the regression models was assessed using
the 22log likelihood (the lower, the better fit) and Pseudo-R2 (the
higher, the better fit). The goodness-of-fit of Model-1 and Model-2
was statistically compared using the likelihood ratio test, with
approximately x2 distribution. The smoking-drinking interaction
effect was considered statistically significant if the goodness-of-fit
was significantly better in Model-2 than in Model-1.
All analyses were performed using Stata 12.0 (Stata Corporation, College Station, Texas, US, 2011).

The assessment of smoking and drinking habits followed the
methods endorsed by IARC [3,4,20], validated, standardized and
extensively used in broad epidemiologic studies within the
INHANCE Consortium (see, for example, [6,21,22]). More
specifically, the questionnaire considered sequential patterns of
frequency, duration and type of product consumed during the
subject’s lifetime. Patients reporting not having smoked at least
one daily cigarette during a whole year were considered never
smokers. A cigar was considered equivalent to four cigarettes, and
each pipe serve equivalent to three cigarettes [4]. Cumulative
doses of tobacco exposure were calculated in terms of pack-years
(one pack-year equals to one package of cigarettes smoked daily for
one year). Two schemes of classification were used: dichotomous
categorisation (ever smokers, never smokers) and three categories
(never smokers, level-1 smokers and level-2 smokers, according to
the median of pack-years reported by controls).
Patients reporting having never consumed at least one drink at a
regular monthly basis were considered non-drinkers. Alcohol
drinking was measured by grams of ethanol, considering that one
litre of ethanol weighs 798 g and that beer contains 5% ethanol in
volume; wine 12%; liqueurs 30% and distilled spirits 41% [20].
Cumulative exposure to alcohol was expressed in gram-years
(grams of ethanol consumed daily multiplied by the number of
drinking years). Two schemes of classification were used:
dichotomous categorisation (ever drinkers, never drinkers) and
three categories (never drinkers, level-one drinkers and level-two
drinkers, according to the median of gram-years reported by
controls).

Statistical Analysis
The differences between cases and controls regarding age,
gender and schooling level were assessed through logistic
regression analysis using controls as reference group. Age was
categorized into ,45, 45–49, 50–54, 55–59, 60–64, 65–69, .69
years, while schooling level into ,5, 5–8, .8 years of formal
education. Variables which provided odds ratios (ORs) for oral
cancer which were statistically significant at 95% level were
included in the statistical models as confounders.
In order to explore the level of beta error, the power of the
study, corresponding to ‘‘1-b’’, was assessed with the formula,
‘‘Zb = {! N [r/(r+1)] (p1–p2)2 [1/p(1-p)]} - Za’’, where ‘‘Zb’’ is the
value of the standard normal distribution corresponding to the
value of b; ‘‘N’’ is the sample size (cases+controls); ‘‘r’’ is the ratio
of controls to cases; ‘‘p1’’ and ‘‘p2’’ are the proportions of exposed
to drinking in cases and controls; ‘‘p’’ is the average proportion of
exposed to drinking ‘‘Za’’ is the value of the standard normal
distribution corresponding to the value of a = 0.05 using a twosided test (i.e., 3.92).
The effect of drinking and smoking on oral cancer risk was
explored through unadjusted ORs with 95% confidence intervals
(95% CI), which were assessed by unconditional logistic regression
[23].
Unconditional logistic regression analysis was also used to assess
the adjusted individual and joint effects of smoking and drinking
on oral cancer risk. Age, gender and schooling level were
considered as potential confounders if they resulted significantly
associated with oral cancer. Two analyses were run. In the first
analysis, the exposure variables drinking and smoking were treated
as binary (never, reference group; ever, risk group). In the second
analysis, they were categorized into three levels (never, reference
group; level-1 and level-2, risk groups). Two models were
designed:
Model-1 was the simplest model, conventionally used by
observational studies investigating the effects of lifestyle risk factors
PLOS ONE | www.plosone.org

Results
The study included 1,144 cases and 1,661 controls (Table 1).
Only few subjects, less than ten per group, did not provide their
3
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Table 1. Characteristics of case and control patients and
unadjusted odds ratios.

Subjects

Cases n (%)

Controls n (%)

Total

1,144

1,661

Table 2. Distribution of cases and controls according to
tobacco smoking and alcohol drinking and unadjusted odds
ratios.

OR (95% CI)
Category

Cases n (%)

Controls n (%) OR (95% CI)

Median cumulative
consumption

Gender
Female

221 (19.3)

445 (26.8)

1.00

Male

923 (80.7)

1,216 (73.2)

1.53 (1.27–1.83)

Tobacco smoking
(pack-years)

39.3

28.0
862.0

141 (12.3)

324 (19.5)

1.00

Alcohol drinking
(gram-years)

2,058.4

,45
45–49

168 (14.7)

236 (14.2)

1.64 (1.24–2.16)

Smoking status

50–54

228 (19.9)

241 (14.5)

2.17 (1.66–2.84)

Never smoker

121 (10.6)

620 (37.3)

1.00

55–59

197 (17.2)

241 (14.5)

1.88 (1.43–2.47)

Ever smoker

1,023 (89.4)

1,041 (62.7)

5.04 (4.07–6.23)

60–64

151 (13.2)

203 (12.2)

1.71 (1.28–2.28)

Level-1 smokera

269 (23.5)

521 (31.4)

2.65 (2.07–3.38)

65–69

106 (9.3)

187 (11.3)

1.30 (0.96–1.78)

Level-2 smokera

754 (65.9)

520 (31.4)

7.43 (5.94–9.30)

1.54 (1.16–2.04)

Drinking status

Age (years)

.69

153 (13.4)

229 (13.8)

Schooling level (years of formal education)

Never drinker

199 (17.4)

769 (46.3)

1.00

945 (82.6)

906 (53.7)

4.21 (3.50–5.06)

,5

398 (34.8)

607 (36.5)

1.00

Ever drinker

5–8

550 (48.1)

662 (39.9)

1.27 (1.06–1.50)

Level-1 drinkerb

194 (17.0)

446 (26.9)

1.68 (1.34–2.11)

b

751 (65.6)

446 (26.9)

6.73 (5.35–7.91)

.8

196 (17.1)

392 (23.6)

Level-2 drinker

0.76 (0.62–0.94)

Smoking and drinking status
São Paulo, Brazil, 1998–2008.
doi:10.1371/journal.pone.0068132.t001

informed consent to study participation, some of them because of
speech impairment, due to their status, some of them because they
declared they had no time for the interview.
The distribution of cases and controls by gender, age group and
schooling level is displayed in Table 1. The unadjusted ORs for
oral and oropharyngeal cancer were significantly higher among
males, the elderly and individuals with less than 8 years of formal
education. Gender, age and schooling level explained 2.1% of the
variance of regression residuals, which reinforces the need of
including these covariates as confounders in the regression models
fitting behavioural exposures and oral cancer.
Table 2 describes the distribution of cases and controls
according to categories of exposure to smoking and drinking.
The median cumulative tobacco consumption among control
patients was 28 pack-years, while the median cumulative alcohol
consumption was 862 gram-years. These values were the
thresholds used to split smoking and drinking exposures into
level-1 (moderate consumption) and level-2 (heavy consumption).
Using the data from this Table, the estimated values of Zb were
20.71 and 21.74 for smoking and drinking, respectively, which
resulted in power levels higher than 99.9% for both smoking and
drinking (data not in Table). Table 2 also describes the
unadjusted assessment of associations between the outcome and
these covariates. The highest risk estimates were reported for level2 smokers (OR, 7.43; 95% CI 5.94–9.30), level-2 drinkers (OR,
6.73; 95% CI 5.35–7.91) and ever smokers-ever drinkers (OR,
5.85; 95% CI 4.59–7.46).
In the multivariable assessment (Table 3), Model-1 registered
that the two lifestyle exposures, considered both independently
and jointly, were highly and significantly associated with oral
cancer. The ORs estimated by Model-2 were generally lower than
those estimated by Model-1 and the independent effect of alcohol
drinking resulted no longer associated with the disease (OR, 0.78;
95% CI, 0.48–1.27). Notwithstanding this observation, the
goodness of fit of Model-2 was significantly better than the
goodness of fit of Model-1 (p,0.001) at the likelihood ratio test.
PLOS ONE | www.plosone.org

Never smoker and never
drinker

96 (8.4)

427 (25.7)

1.00

Never smoker and ever
drinker

25 (2.2)

193 (11.6)

0.58 (0.36–0.92)

Ever smoker and never
drinker

103 (9.0)

342 (20.6)

1.34 (0.98–1.83)

Ever smoker and ever
drinker

920 (80.4)

699 (42.1)

5.85 (4.59–7.46)

a
Cumulative consumption: level-1 smoker #28 pack-years; level-2 smoker .28
pack-years.
b
Cumulative consumption: level-1 drinker #862 gram-years; level-2 drinker
.862 gram-years.
doi:10.1371/journal.pone.0068132.t002

An analogous result was obtained when both exposures were
classified using three categories (Table 3). Model-1 showed that
all the smoking-drinking categories different from the reference
group had a direct and statistically significant association with the
disease. However, according to Model-2, no significant association
was observed between the disease and the various smokingdrinking categories for individuals who smoked less than 28 packyears (level-1 smokers) and drank less than 682 gram-years (level-1
drinkers). The ORs for all the categories of concurrent exposure to
smoking and drinking estimated by Model-2 were lower than the
ORs estimated by Model-1. Nevertheless, at the likelihood ratio
test, Model-2 had a significantly better fit than Model-1 (p,0.001).
The values of ‘‘r’’ and VIF were below the limits of 0.6 and 10,
suggesting that the coefficient estimates were substantially not
inflated or overestimated. According to the validation analysis, the
coefficient estimates and goodness of fit of regression models did
not change substantially, thus corroborating the robustness of the
various risk estimates (data not in Table).

Discussion
The most important findings of this study were that (1)the
independent effect of drinking substantially decreased and was no
longer associated with oral and oropharyngeal cancer accounting
for the smoking-drinking interaction term; (2)the independent
4
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Table 3. Individual and joint effects of smoking and drinking on oral and oropharyngeal cancer adjusted for gender, age,
schooling level.

Category

Model-1 OR (95% CI)

Model-2 OR (95% CI)

3.50 (2.76–4.44)

1.41 (1.02–1.96)

Exposures dichotomously classifieda
Ever smoker
Ever drinker

3.60 (2.86–4.53)

0.78 (0.48–1.27)

Ever smoker and ever drinker

12.60 (7.89–20.13)

8.16 (2.09–31.78)

Exposures classified in three categoriesb
Never smoker and never drinker

1.00

1.00

Never smoker and level-1 drinker

1.68 (1.29–2.20)

0.63 (0.40–1.00)

Never smoker and level-2 drinker

5.71 (4.41–7.39)

1.51 (0.88–2.57)

Level-1 smoker and never drinker

2.06 (1.57–2.70)

1.17 (0.80–1.71)

Level-1 smoker and level-1 drinker

3.47 (2.03–5.94)

2.42 (0.57–10.30)

Level-1 smoker and level-2 drinker

11.78 (6.94–19.97)

8.61 (2.05–36.13)

Level-2 smoker and never drinker

4.61 (3.53–6.01)

2.05 (1.39–3.03)

Level-2 smoker and level-1 drinker

7.76 (4.56–13.21)

6.32 (1.61–24.83)

Level-2 smoker and level-2 drinker

26.32 (15.59–44.42)

19.10 (3.85–94.72)

Model-1 did not account for the smoking-drinking interaction, smoking and drinking were therefore treated only as confounders. Model-2 accounted for the smokingdrinking interaction.
a
Model-1: Pseudo-R2 = 0.118; 22log likelihood = 3346.826. Model-2: Pseudo-R2 = 0.134; 22log likelihood = 3285.967.
Difference in goodness of fit between Model-1 and Model-2: likelihood ratio test x2 = 60.859, p,0.001.
b
Model-1: Pseudo-R2 = 0.175; 22log likelihood = 3130.079. Model-2: Pseudo-R2 = 0.186; 22log likelihood = 3088.889.
Difference in goodness of fit between Model-1 and Model-2: likelihood ratio test x2 = 41.190, p,0.001.
doi:10.1371/journal.pone.0068132.t003

effect of smoking also considerably decreased, although it
remained significantly associated with the disease; (3)the smoking-drinking joint effect remained significantly associated with oral
cancer; (4)regression models accounting for the smoking-drinking
interaction term had a significantly better fit than those exclusively
assessing the individual effects of behavioural exposures.
We gathered an exceptionally high number of participants for a
single case-control study on oral cancer risk factors (see previous
observational studies reviewed by [3,8,26,27]), an option which
considerably increased the power of the study (higher than 99%
for both smoking and drinking exposures), that is, the chance that
non-significant associations between explanatory and outcome
variables were due to lack of associations between behavioural risk
factors and oral cancer. In addition, cases and controls belonged to
the same homogeneous study population, a situation which helps
control for other risk factors for oral cancer, because in these
circumstances the unidentified and non-investigated factors are
part of the background environment and can be disregarded. This
is an important advantage for the investigation of diseases with
complex multifactorial aetiology like oral cancer [13,14]. Therefore, large size and homogeneity of sample increased the internal
validity of this study, that is, the reliability of the reported risk
estimates [28].
Being hospital-based, this study was potentially subjected to
criticism regarding selection bias, since the present sample was not
representative of all residents in the city of São Paulo. Indeed,
factors which bring people to public hospitals, such as financial
standings, area of residence, ethnicity, religious affiliation, are not
distributed uniformly within the underlying study population, thus
making it difficult to define the population from which our case
patients arose. In order to minimize the consequences of selection
bias on the consistency of results, we decided to select hospitalbased controls who followed the same referral route as cases. In
these circumstances, the underlying study population was the same
PLOS ONE | www.plosone.org

in the two groups and was identifiable in those residents in the city
of São Paulo who sought for care in public hospitals [13,14,23]. In
addition, the selection of case and control patients from the same
underlying study population minimized the degree of information
bias, since hospital-based controls tend to show the same levels of
cooperativeness and accuracy in providing information as the
hospital-based cases, thus reducing the potential differences
between these two groups in the quality of recall of past exposures
[13].
Information bias regarding lifestyle variables, which are
generally underreported by heavy users is another important form
of bias [29–31]. Since reliability of lifestyle variables is particularly
low when they are treated quantitatively, we classified lifestyle
variables into categories, considering that treating variables semiquantitatively would reduce the negative effect of information bias
on the reliability of risk estimates [32,33]. This approach is also
preferred by experts in alcohol drinking epidemiology, who make
international comparisons using qualitative data [32].
Recall bias and interviewer bias, two specific forms of
information bias, are also relevant limitations of case-control
studies [13,23,34]. Patients diagnosed with oral and oropharyngeal
cancer may have spent some time pondering on deleterious habits
that may have contributed to the disease. Therefore, cases would
be more likely to recall alcohol drinking and tobacco smoking than
controls. This limitation is difficult to overcome in the scope of a
case-control study. Interviewer bias also could not be excluded, as
interviewers were trained, but not blinded. Recall and interviewer
biases may have resulted in overestimates of smoking and drinking
exposure among cases. Consequently, the smoking and drinking
risk estimates might have been artificially higher than the true
risks, which would be even lower if these forms of bias were
completely controlled.
Finally, it is possible that other variables, strongly associated
with both drinking and smoking, also were associated with oral
5
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and oropharyngeal cancer risk. Indeed, smoking and drinking are
not only associated with each other, they are also associated with
other behavioural risk factors for cancer and other degenerative
diseases, such as unsafe sex, use of other addictive substances,
unhealthy diet, low physical exercise, etc. [35,36]. The problem
beyond these apparently different forms of substance-use and
behavioural addiction lies in the individuals’ personality, as early
initiation of risk behaviours is associated with other risk-taking
behaviours [2,37]. Therefore, the joint exposure to smoking and
drinking may also imply a potentially etiological role of hidden
variables.
The data of the present study were partly corroborated. Indeed,
two multi-centre studies from IARC, one based on seventeen
centres from Europe and America [6] and another based on
fourteen centres from Europe [7] reported that 40% oral cancer
cases were attributable to the smoking-drinking joint effect and
that the independent effect of drinking was non-significant.
However, both studies reported that smoking alone was responsible for approximately 20% oral cancer cases. As noted, multicentre studies are not homogeneous and, therefore, tend to
overestimate the effects of the investigated variables because they
do not account for unidentified factors [13].
This study may have implications in the design of effective oral
cancer control policy. Indeed, policies based on the control of a
single risk factor are fated to fail in the long term, as already
demonstrated for alcohol drinking [38], due to the addictive
behaviour of individuals, who are likely to re-start smoking and/or
drinking or to quit smoking and/or drinking but start with another
unsafe lifestyle, such as cigars instead of cigarettes, unsafe diet

instead of alcohol, tobacco chewing instead of tobacco smoking,
etc. (see, for example, [39–41]). Therefore, our study demonstrated that the exposure to a single lifestyle is not only uncommon, as
previously demonstrated, but it also does not pose an important
risk for oral cancer. Conversely, multiple exposures are very
frequent, due to the widespread addictive behaviour, and are a
serious risk for oral cancer.
In conclusion, the present data suggest that in this large-sized
and homogeneous sample from São Paulo, drinking was not
independently associated with oral/oropharyngeal cancer, while
the independent effect of smoking was lower than expected.
Instead, the joint effect of drinking and smoking was significantly
associated with this condition. We strongly recommend that
observational studies from other countries are designed accounting
for such an important interaction, thus allowing investigating
whether this result may be generalized to populations with
different lifestyles, and with various drinking and smoking
modalities. According to these findings, oral cancer control
policies should focus primarily on the addictive behaviour which
induces people to adopt several unsafe lifestyles.
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