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Abstract

The study investigated the association between
dietary patterns and oral cancer as part of a
Latin American multicenter hospital-based case-
control study, and included 210 incident cases of
oral cancer and 251 controls. Dietary data were
collected using a Food Frequency Question-
naire (FFQ). Factor analysis was used to define
dietary patterns, which were categorized into
terciles. Odds ratios (OR) with 95% confidence
intervals (95%CI) were calculated using uncon-
ditional multiple logistic regression. The patterns
“prudent’, characterized mainly by vegetables
and fruits, and “traditional’, by rice, and pulses
showed an inverse association with oral can-
cer for the higher tercile, respectively, OR = 0.44;
95%CI: 0.25-0.75, p value for trend (ptend) = 0.03;
OR = 0.53; 95%CI: 0.30-0.93, ptend = 0.06. The
“snacks pattern” was not associated with oral
cancer. Besides the protective effect of a diet rich
in vegetables and fruit, our data suggest that the
traditional Brazilian diet, consisting mostly of
rice and beans, may improve protection against
oral cancer.
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Introduction

Oral and pharyngeal cancer, grouped together,
represent the sixth most common cancer in
the world 1. The annual estimated incidence is
around 275,000 for oral and 130,300 for pharyn-
geal cancers excluding nasopharynx, with two-
thirds of these cases occurring in developing
countries 1. There is a wide geographical varia-
tion (approximately 20-fold) in the incidence of
this cancer, and parts of Latin America and the
Caribbean (including Brazil, Uruguay and Puerto
Rico) are characterized by high incidence rates
for oral cancer (excluding lip) 1. In Brazil, exclud-
ing skin cancer, oral and pharynx cancer repre-
sent the fifth incidence of cancer in men and the
seventh in women. The incidence rates ranged
from 2.9/100,000 in Belém, Pard State (1996-1998)
to 7.6/100,000 in Sao Paulo (1997-1998) 2. The
most recent Brazilian National Cancer Institute
(INCA) estimates for Rio de Janeiro State are 1,510
new cases for men and 520 for women 3. Most
are squamous cell carcinomas that develop af-
ter exposure to carcinogens such as tobacco and
alcohol 4. Oral and pharyngeal cancer involves
complex causality, but available evidences sug-
gest that environmental factors are driving the
geographic patterns 5.

Therole of diet in the etiology of oral and pha-
ryngeal cancer remains unresolved. A recent revi-
sion concluded that consumption of non-starchy
vegetables, fruits, and foods containing carote-
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noids probably protect against these cancers but
available evidence is still inconsistent for other
dietary components 6. Dietary patterns refer to
the concept of “total” diet, thereby transcending
the traditional focus on individual foods or nu-
trients common in nutritional epidemiology and
overcoming the limitations associated with this
approach.

Dietary patterns are measured using two gen-
eral strategies: (1) empirical methods (a posterio-
ri) use dataaggregation and reduction procedures
to generate patterns based upon dietary intakes
as they are actually consumed; and (2) theoreti-
cal methods (a priori) employ extant nutrition
knowledge of healthy diets to generate “optimal”
diets, usually by creating a composite measure of
total dietary quality. The utilization of both meth-
ods has gained increasing popularity in the past
decade and the literature has burgeoned in re-
cent years 7.89. The main technique used in the “a
posteriori” approach is the analysis of principal
components and subsequent factor analysis 10.
In factor analysis, instead of arbitrarily adopting
a diet indicator, data objectively point towards
how the measurements aggregate 11.

The analysis of dietary patterns may help to
show the influence of diet on risk of oral cancer.
Thus, the present study was aimed at investigat-
ing associations between dietary patterns and
oral cancer.

Methods

The present hospital-based case-control study,
conducted in Rio de Janeiro, Brazil, was part of an
international study carried out in Latin America
about oral and pharynx cancer and coordinated
by the International Agency for Research on Can-
cer (IARC) developed in Brazil, Argentina and Cu-
ba. The sample size was estimated considering a
type I error of 5%, a prevalence of exposure esti-
mated at 10% among controls and an estimate of
relative risk (odds ratio — OR) of at least 2.1, with
a statistical power of 80%. Thus, the estimated
size in each participating center was 200 cases
and 200 controls. Between 1999 and 2003, 249
patients were recruited to the study, of whom 210
accepted to participate and were histologically
confirmed incident cases of oral cavity, orophar-
ynx and hypopharynx cancer cases (median age:
56.2 years). Cases were recruited from all patients
without previous treatment in Head and Neck
Services of INCA located in Rio de Janeiro, and
were required to be living in the Rio de Janeiro
Metropolitan Area for at least one year. Subjects
included cases of cancer classified as Interna-
tional Classification of Diseases (ICD-10) codes
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CO00 to C14 (oral cavity and oropharynx), with the
exception of cases classified as C00.0, C00.1, and
C00.2 (cancer of the external lip), and C11 (can-
cer of the nasopharynx). The latter were excluded
based on evidence in the literature that cancers
in these sites do not share the same risk factors 12.
From 263 invited controls, 251 (median age: 55.8
years) were from patients admitted to two public
hospitals in the Rio de Janeiro city, due to condi-
tions unassociated with risk factors for oral cav-
ity and pharynx cancer, and 251 (median age:
55.8 years) agreed to participate. These condi-
tions included digestive tract diseases (21.6%),
genitor urinary tract diseases (14.9%), and exter-
nal causes (33%), among others. Controls were
paired to cases by sex and age (in five-year inter-
vals) according to the expected distribution of
cases (frequency pairing). Controls were required
to have no past or present history of actual or
suspected oral cavity or pharynx cancer.

Written consent was obtained from both
cases and controls. The study was approved by
the Research Ethics Committees of all participat-
ing medical sites and Oswaldo Cruz Foundation
(FIOCRUZ), as well as by the National Human
Research Ethics Committee of the Brazilian Min-
istry of Health (CONEP).

Data collection

Information on lifestyle, smoking, and alcohol
intake was obtained, using a standardized open-
ended questionnaire developed by the IARC. All
contacts and interviews with cases and controls
were carried out by trained interviewers who
were not blinded to the patient status as case or
control, but had no knowledge of the study hy-
pothesis.

Dietary data

Dietary information was collected using a semi-
quantitative Food Frequency Questionnaire
(FFQ) developed by the IARC. The validity and
reproducibility coefficients, estimated for the
study conducted in Sdo Paulo, presented a me-
dian value between 2003 and 2004 of 0,39 and
0,35 respectively 13. The FFQ list contained 27
foods, food groups, or preparations. Study sub-
jects were asked to inform their average weekly
intake frequency, in the previous year, before the
emergence of disease symptoms, for each item
in the FFQ. This was an open question, allowing
variables to be treated as continuous.



Other data

Smoking was measured by considering the
subject’s lifetime smoking experience. Smok-
ing experience was defined as the cumulative
exposure to the number of packs of cigarettes
consumed per day: tobacco in packs vs. years of
exposure. The consumption of cigarettes, cigars
and pipe tobacco was considered. One cigarette
was considered as corresponding to one gram
of tobacco. One cigar corresponds to four ciga-
rettes, and one filling of pipe tobacco to three
cigarettes 14. Mean daily consumption cigarette
packs was thus established, and this value was
multiplied by the number of years for which the
subject had been a smoker. For alcohol con-
sumption, we considered mean daily alcohol in-
take in grams. For this, the consumption of alco-
holic beverages reported by the subject was first
transformed into grams of alcohol. The following
conversion factors to grams of alcohol per liter of
alcoholic drink were used: beer, 40g; wine, 96g;
cachaca (sugarcane spirit), 328g; and liqueurs,
240g. Birth place, categorized according to the
Brazilian regions and education level (illiterate,
complete elementary school, high school, col-
lege) were reported by the patients.

Statistical analysis

Factor analysis was used to identify dietary fac-
tors or combinations of foods consumed by the
study sample. Principal component analysis was
used for the extraction of the factors. Factor load-
ings were analyzed after orthogonal rotation us-
ing the varimax method 11,15. Factor loadings of
more than 0.25 were considered as significantly
contributing to the factor. Factor scores for each
component retained were calculated for cases
and controls !1. Factor scores were categorized
into terciles based on the distribution of the con-
trol population.

Statistical modeling

To determine the associations between dietary
factors and oral cancer, odds ratios (OR) and 95%
confidence intervals (95%CI) were calculated us-
ing unconditional logistic regression models.

For each derived factor the OR was adjusted
by all other factors and by sex, age (five age
groups), smoking (pack-years), alcohol con-
sumption (g/L/day), and schooling (illiterate,
elementary, high school, and college educa-
tion). The linear trend was assessed by entering
into the model the terciles of the dietary patterns
scores as continuous variables. Potential inter-
actions between the dietary factors and smoke
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and alcohol consumption were tested, including
a multiplicative term in the model, but no joint
effect was observed.

All analyses were performed using Stata for
Windows 98/95/NT software (Stata Corp., Col-
lege Station, U.S.A.).

Results

The mean age was 55.2 years (standard deviation
—SD=9.9) for cases and 55.5 (SD =11.21) for con-
trols. The distribution of years of schooling was
similar for the two groups. Compared to cases, a
major proportion of the controls never smoked
and never consumed alcohol (Table 1).

The sample was adequate for factor analy-
sis (KMO = 0.669). The factor analysis identified
three patterns that accounted for 33% of the
total variance (Table 2). Factor loadings higher
than 0.25, marked in bold, most contributed
to each factor. The first pattern, named “pru-
dent”, presented important contributions from
vegetables and raw vegetables, fruit, dairy prod-
ucts, potato, fish and yogurt. The second pat-
tern, named “snacks” had significant contribu-
tions from bread, butter, cheese, pork, sandwich
meat, egg and sweets and dessert, in parallel
with negative values for fruits poultry, carrots,
citrus fruit and brassica. The third factor was
named “fraditional” since rice and pasta and
pulses contributed with very high loadings to
the factor (0.81 and 0.79 respectively), besides
beef and potatoes.

Inverse associations with oral cancer were ob-
served for the third tercile of the factors “prudent”
(OR = 0.44; 95%CI: 0.25-0.75) and “traditional”
(OR = 5.3; 95%CI: 0.30-0.93), after adjusting for
controlling variables, and a significant inverse
trend were observed for higher consumption of
the “prudent” and “traditional” diets (p = 0.002
and p = 0.029, respectively). “Snacks” showed
positive associations with oral cancer (2nd tercile:
OR =1.33; 95%CI: 0.77-2.31; 3rd tercile: OR = 1.25;
95%CI: 0.73-2.15; Pyrenq = 0-36), although not sta-
tistically significant (Table 3).

Discussion

Three dietary patterns (“prudent”, “snacks” and
“traditional”’) have been identified in this study
towards factor analysis. The “prudent” pattern,
characterized by fruit and vegetables intake, and
the “traditional’, related to the most common-
ly eaten items in the traditional Brazilian diet,
namely rice and beans, were inversely associated
to oral cancer.
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Table 1

Description of the study population used in factor analysis of dietary patterns and risk of oral and pharyngeal cancer. Rio de

Janeiro, Brazil, 1999-2003.

Variables Cases (n = 210) Controls (n = 251) p-value (%2)
n % n %
Sex
Male 171 81.43 193 76.89 0.14
Female 39 18.57 58 23.11
Age (years)
23 40 8 5.64 18 3.81
40 |50 52 24.08 59 24.76 0.66
50 |60 73 33.19 80 34.76
6070 58 26.90 66 27.62
70479 19 10.20 28 9.05
Years of schooling *
llliterate 33 15.79 28 11.16
Complete elementary school 154 73.68 186 74.10 0.17
High school 17 8.13 22 8.76
College 5 2.39 15 5.98
Smoking (pack-years)
0 }—'I 18 8.60 89 35.50
1 |-25 43 20.5 58 23.10 0.00
25|50 77 36.7 66 26.30
>50 72 343 38 15.10
Mean alcohol consumption (g/L/day)
Non-drinker 25 11.90 94 37.45
0.01 |-4O 15 7.14 " 4.38
40 |-1 20 12 35.29 22 8.76 0.02
120 }—160 13 6.19 12 4.78
> 160 145 69.05 112 44.62
Birth place
North 1 0.50 2 0.80 0.86
Northeast 43 20.40 62 24.70
Middle-west 0 0.00 1 0.40
Southeast 159 76.80 176 70.10
South 2 1.00 6 2.40
Foreign 5 2.40 4 1.60

* One case missing information.

In a recent systematic review carried out by
the World Cancer Research Fund (WRFC) the
evidence on the probable protector effect of
fruit and vegetable consumption to oral cancer
was highlighted 6. A meta-analysis, including
15 case-control studies and 1 cohort study, re-
vealed that daily consumption of one portion of
either fruits or vegetables was associated with a
50% risk reduction of oral and pharynx cancer
16, Franco et al. 17, based on a case-control study
conducted in Brazil, reported a significant pro-
tective effect for consumption of carotene-rich
vegetables and citric fruits, but not for green
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vegetables in general. The cancer preventive ef-
fect of fruit and vegetables might be related to
micronutrients, such as C, E and A vitamins, and
phytochemical action in the tumor cells 1819,
Retinoids prevent tumoral promotion and pro-
gression in various ways: they sequester free
radicals, thus limiting their production, by the
activation of cellular differentiation processes,
stimulate the synthesis of glycoproteins which
are cellular adhesion and growth mediators as
well as hormonal receptors and stimulators of
the immune system. The C vitamin anti-oxida-
tive action either occurring following lycopen



Table 2
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Matrix of factor loadings for cases and controls participating in the study. Rio de Janeiro, Brazil, 1999-2003.

Variables Factors Communality
1 2 3
Prudent Snacks Traditional

Raw vegetable 0.59 0.07 0.05 0.36
Citrus fruit 0.54 0.05 -0.01 0.29
Carrot 0.52 -0.18 0.07 0.31
Brassica 0.52 -0.04 -0.03 0.27
Tomato 0.51 0.08 0.13 0.29
Apple 0.49 -0.11 0.05 0.26
Juice 0.49 0.08 -0.01 0.24
Milk 0.42 0.10 -0.11 0.20
Cheese 0.40 0.36 -0.32 0.39
Banana 0.40 0.13 0.24 0.24
Potato 0.38 0.12 0.33 0.27
Fish 0.34 -0.01 0.18 0.15
Yogurt 0.25 0.11 -0.11 0.09
Butter 0.13 0.68 0.09 0.49
Bread 0.1 0.66 0.04 0.45
Pork -0.05 0.46 -0.09 0.22
Sweet and dessert 0.19 0.45 0.08 0.24
Sandwich meat 0.09 0.43 -0.26 0.26
Egg -0.07 0.42 0.09 0.19
Poultry 0.07 -0.25 -0.06 0.07
Corn 0.00 0.19 0.03 0.04
Manioc 0.05 0.18 0.07 0.04
Rice and pasta -0.01 0.13 0.81 0.67
Pulse -0.07 0.23 0.79 0.68
Beef 0.19 0.04 0.43 0.22
% explained variance 11.51 8.47 7.72 -
% cumulative variance 11.51 19.97 27.69 -

Table 3

Odds ratio (OR) and 95% confidence intervals (?5%Cl) for oral and pharyngeal cancer, obtained using multiple non-conditional logistic regression, in terciles for

food groups defined a posteriori by factor analysis. Rio de Janeiro, Brazil, 1999-2003.

Factors Terciles of Cases: Crude OR Adjusted OR Trend ***
scores controls (95%Cl) * (95%Cl) **

Prudent st 111:83 1.00 1.00 0.002
2nd 55:84 0.53(0.34-0.84) 0.70 (0.42-1.17)
3rd 36:84 0.34 (0.21-0.57) 0.44 (0.25-0.75)

Snacks st 62:83 1.00 1.00 0.365
2nd 70:84 1.25 (0.76-2.03) 1.33(0.77-2.31)
3rd 76:84 1.38 (0.85-2.25) 1.25(0.73-2.15)

Traditional st 75:83 1.00 1.00 0.029
2nd 74:84 0.86 (0.54-1.37) 0.89 (0.53-1.52)
3rd 50:84 0.68 (0.42-1.11) 0.53 (0.30-0.93)

* Univariate;

** Adjusted for sex, age, smoking and alcohol consumption and schooling;

*** Linear trend, adjusted for sex, age, smoking, alcohol consumption and schooling.
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(a tomato flavonoid) or citrus fruits, fruit juices
and raw vegetable intake, yield to prevent tu-
mor promotion 19.20. In our study, citrus fruits
showed a marked contribution to the prudent
factor. According to Jané-Salas et al. 20, phy-
tochemicals found in cruciferous vegetables are
sources of isothiocyanates, which can inhibit
tumor initiation as a consequence of reducing
the impact of carcinogens, and modulating the
biotransformation of enzymes involved in het-
erocyclic aromatic amines.

The “traditional” pattern characterized by
rice, beans and meat consumption, was inversely
associated with oral cancer. Similar finding were
observed in a study conducted in Sao Paulo and
it was hypothesized that it might be due to the
practice of consuming regular meals of this tradi-
tional mixture 21. The type of carbohydrate could
influence the amount of short-chain fatty acids
produced, and starch has been associated with
an increased production of butyrate 19, which
could induce an inhibitory effect of oral carci-
noma cell proliferation 20. Grain intake, mainly
beans, represents an important component of
the “traditional” pattern. However, information
about its association with oral cancer is limited.
Grains and derivates are enriched of fiber and
selenium, a phytochemical associated with tu-
mor inhibition 619,20, Similar to what has been
reported elsewhere 21, the “snacks” pattern, in-
cluding bread, sandwiches and side dishes, did
not reveal an association with the studied out-
come. Such findings can either result from the
combined consumption of diet items associated
with oral cancer (such as industrialized meats)
or those not associated (dairy products, for ex-
ample). Dairy products are rich in calcium, but
there is no evidence that this nutrient is associ-
ated with oral and pharynx cancer, even consid-
ering its acknowledged role in the progression of
cells through the cell cycle 16.

Toporcov et al. 22 reported findings from a
case control study conducted in Sao Paulo that
indicated as risk factors the habitual intake of
foodsrich in animal and saturated fat: pork meat,
soup, cheese, bacon and fried food and a protec-
tive effect of non-cooked butter or margarine. In
the present study, the second pattern, “snacks”,
was characterized by the intake of cheese, butter
and milk. This fact reinforces the advantages of
studying patterns of diet, since food items that
enhance risk may be consumed at the same time
as the ones considered protective. Identification
of combined dietary items that diminish the risk
of cancer may be useful to organize policies to-
wards implementing changes in dietary habits
among population sub-groups deserving special
nutritional care.
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Other studies have also used factor analysis
to investigate oral and pharynx cancer 21,23. Both
have identified similar patterns, related to fruit
and vegetables consumption, but just one 23 re-
vealed an inverse association with cancer risk,
as observed in our study in which the protective
effect of this factor was seen in the highest con-
sumption category.

The current study was a hospital-based case-
control investigation. Studies of this type are
frequently criticized as being susceptible to in-
formation and selection bias. Information bias
may be generated when case subjects are search-
ing their memories more thoroughly than con-
trol subjects and when patients tend to invoke
a suspected cause of their disease more often
than controls. However, we believe this criticism
applies more to population-based case-control
studies than to hospital-based case-control stud-
ies, because in the latter design both cases and
controls are ill and they are both being inter-
viewed in health care settings 24. Selection bias
may be generated because only a fraction of all
cases in the underlying population are included
and controls may represent a different segment
of the underlying population in comparison with
cases. In our study, a relatively high proportion
of controls presented digestive illness. However,
the absence of significant selection bias in the
current study is supported by the argument that
the two established causes of carcinoma of the
oral cavity (namely tobacco smoking and con-
sumption of alcoholic beverages) clearly were
demonstrated in the current study. In fact, data
collection of smoking and alcohol, the most im-
portant risk factors for oral and pharynx cancer 6,
was carried out in detail in our study, allowing a
quite precise ascertainment of such exposures
throughout the subject’s life. Furthermore, an
important bias in the recall of food intake is un-
like in the current study, as dietary hypotheses
were unknown for both the interviewer and the
participant. Besides, only incident cases were
invited to participate, and we asked about food
intake one year before the diagnosis, similar to
other studies 6,26,

Other variables influencing the pattern of di-
etary item consumption, such as socio-econom-
ic level 27.28, were considered in the analysis, with
education being used as proxy of the former. Oth-
er potential limitation was the lack of control for
oral health, as poor oral hygiene seems to cause
additional cancer risks 29. As low socio-econom-
ical status is also associated with poor oral hy-
giene conditions, which is an acknowledged risk
factor for oral cancer 30, we adjusted the analysis
for educational level, as a proxy variable, in a at-
tempt to control this effect, despite the fact that



residual confounding might persist. Genetic sus-
ceptibility is another important related condition
to the studied tumors 31, but was not considered
in the present study.

The intake of a given food may be highly cor-
related with the intake of other foods, as well as
to individual lifestyle. Theoretically, this could
be modeled statistically, with adjustment for
confounding variables. However, it is difficult
to judge how adequate such adjustments are.
The use of the multivariate analysis technique
reduces the possibility that statistically signifi-

Resumo

Investigou-se a associag¢do entre padroes de dieta e
cdncer oral, como parte de um estudo multicéntrico
latino-americano caso-controle de base hospitalar
e incluiu 210 casos incidentes e 251 controles. Dados
de consumo alimentar foram coletados por Questio-
ndrio de Freqiiéncia de Consumo Alimentar (QFCA).
Andlise fatorial identificou padroes alimentares, que
foram categorizados em tercis. Calculou-se odds ratio
(OR) com intervalo de 95% de confianc¢a (1C95%) por
regressao logistica multipla ndo condicional. Os pa-
drées “prudente’, caracterizado em maioria por frutas
e vegetais, e o padrdo tradicional, por arroz e feijao,
apresentaram associa¢do inversa com o cancer oral
para o mais elevado tercil, respectivamente: OR = 0,44;
1C95%: 0,25-0,75, valor de p de tendéncia (ptend) = 0,03;
OR = 0,53; IC95%: 0,30-0,93, ptend = 0,06. O padrao
“lanches” ndo foi associado ao cdncer oral. Além da
protecdo ao cancer oral conferida por dieta rica em ve-
getais e frutas, nossos dados sugerem que a dieta “tra-
dicional” brasileira contendo em sua maioria arroz e
feijdao pode oferecer protegdo ao cdncer oral.

Neoplasias Bucais; Comportamento Alimentar; Con-
sumo Alimentar
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cant results might be obtained by chance. Other
advantages are the transformation of correlated
variables into non-correlated variables, and the
reduction of the number of explanatory variables
to be used in subsequent analyses 21.

In summary, we investigated the contribu-
tions of diet to oral and pharynx carcinogenesis
using factor analysis, and two of the identified di-
etary patterns (“prudent” and “traditional’) were
associated with a protective effect on the risk of
oral cancer.
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