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Diet diversity and the risk of oral
and pharyngeal cancer

Abstract Background Diet
diversity has been recommended
to achieve a healthy diet and
prevent cancer. Aim of the study
The relation between diet diversity
(i.e., variety in food intake com-
puted as the total number of foods
consumed at least once per week)
and the risk of oral and pharyn-
geal cancer was investigated using
data from a multicentric case-
control study carried out between
1991 and 2005 in Italy. Methods
Cases were 805 patients with his-
tologically confirmed incident
cancers of the oral cavity and
pharynx, and controls were 2,081
patients admitted for acute, non-
neoplastic diseases, unrelated to
tobacco or alcohol consumption.
Results A significant inverse
association was observed with
total diet diversity. The multivar-
iate odds ratio (OR), adjusted for
education, tobacco and alcohol,
was 0.78 (95% confidence interval,
CI 0.61-0.98) for subjects in the
highest tertile of diversity. Inverse
relations were found also for
diversity within vegetables
(OR = 0.62; 95% CI 0.49-0.78)
and fruits (OR = 0.67; 95% CI
0.53-0.86). Conclusions This
study suggests that a more

diversified, and particularly a diet
varied in vegetables and fruit, is a
favourable indicator of oral and
pharyngeal cancer risk, indepen-
dently from the major recognised
risk factors, i.e. alcohol and to-
bacco consumption.
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Introduction

Oral and pharyngeal cancer is strongly related to
smoking and alcohol consumption [8, 9], but a role of
diet has been recognised, and dietary factors may
account for about 25% of cases in Europe [14, 17].
Intake of fruit and vegetables has been inversely re-
lated to the risk of oral and pharyngeal cancer,
whereas a poor nutritional status and an unbalanced
diet have been related to an excess risk [16, 21, 22].
Only limited attention, however, has been paid to the
definition of potential correlates of oral and pharyn-
geal cancer risk in terms of dietary patterns.

It has been suggested that diet diversity (i.e., a
measure of the variety of diet) may reduce mortality
and prevent cancer [12, 22]. Total mortality in
relation to diet diversity has been considered in the
first National Health and Nutrition Survey Epide-
miologic Follow-up Study [10], which found a rela-
tive risk of 1.5 in the lowest quartile of diversity.
Diet diversity was inversely related to the risk of
stomach [13] and colorectal cancer [3, 4, 20]. The
variety of vegetables consumed seems also to have a
beneficial role on breast cancer, beyond the favor-
able effect of vegetable intake per se [6].

A case-control study conducted in Switzerland on
156 cases and 284 controls found a decreased risk of
oral and pharyngeal cancer for subjects reporting
higher total diet diversity (OR = 0.35 for the highest
versus the lowest tertile), as well as vegetable (OR =
0.24) and fruit diversity (OR = 0.34) [15]. A multi-
center case-control from Italy, including 512 cases of
oral and pharyngeal cancer also found an inverse
relation for vegetable (OR = 0.5 for the highest ver-
sus the lowest tertile) and fruit diversity (OR = 0.6)
[5].

We analyzed the role of total and specific food
group diversity on the risk of oral and pharyngeal
cancer using the data from a larger dataset of the
multicenter case-control study conducted in Italy.

Materials and methods

The present analysis is based on data from a case-
control study of oral and pharyngeal cancer con-
ducted in Italy between 1992 and 2005 in the greater
Milan area, and in the provinces of Pordenone, Rome
and Latina [5, 18]. Data collection started and ended
later in Milan. However, the same questionnaire and
selection criteria were used in all centres. Briefly,
cases were 805 patients (659 men and 146 women;
median age 58, range 22-78 years) admitted to major
teaching and general hospitals in the study areas, with
incident, histologically confirmed cancer of the oral

cavity (406 cases) and pharynx (399 cases), diagnosed
no longer than one year before the interview. Cancers
of the lip, salivary glands and nasopharynx were not
included. Controls were 2,081 subjects (1,302 men and
779 women; median age 58 years, range 19-79 years)
admitted to the same hospitals as cases for a wide
spectrum of acute, non-neoplastic conditions, unre-
lated to known risk factors for oral and pharyngeal
cancer, and not associated with long-term dietary
modifications. Controls were frequency-matched with
cases according to study center, sex, and 5-year age
groups. To compensate for the rarity of oral and
pharyngeal cancer in women, a control-to-case ratio
of ~5 was chosen for women, as opposed to ~2 for
men. Twenty-five percent of controls were admitted
for traumas, 30% for other orthopedic disorders, 19%
for surgical conditions, and 26% for miscellaneous
various other illnesses. Less than 5% of both cases and
controls contacted refused to participate.

Cases and controls were interviewed during their
hospital stay by trained interviewers using a struc-
tured questionnaire. This included information on
socio-demographic characteristics, lifestyle habits,
such as tobacco smoking and alcohol drinking,
anthropometric measures, personal medical history,
and family history of cancer. Information about the
frequency of consumption per week of 78 foods, food
groups, or recipes during the 2 years prior to cancer
diagnosis or hospital admission (for controls) was
collected using a satisfactorily reproducible [7] and
valid [2] food-frequency questionnaire.

Total diversity was computed as the total number
of different foods consumed at least once per week
[13]. Our definition of diversity did not include por-
tion size nor frequency of consumption. It is therefore
a simple indicator of a varied diet, independent from
frequency and quantity. Since the variety of some
foods can be more important than total variety, we
also computed the diversity within four food groups:
first courses, including pasta or rice, bread, polenta;
second courses, including beef and veal, poultry, fish,
processed meats, cheese and eggs; vegetables,
including various raw and cooked vegetables, pulses
and potatoes; fruits, including citrus, other fresh and
cooked fruits and unsweetened juices. Subjects were
subdivided into approximate tertiles of total diversity
and specific food group diversity based on the control
distribution.

ORs of oral and pharyngeal cancer and the corre-
sponding 95% confidence intervals (CI) according to
various measures of diet diversity were derived from
unconditional multiple logistic regression models [1].
Allowance was made for age, sex, study centre, year of
interview, years of education, tobacco smoking and
alcohol drinking.
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Results

Table 1 gives the distribution of 805 cases and 2,081
controls according to sex, age, and selected other
covariates. By design, the proportion of women was
higher in controls than in cases, and the age distri-
bution was similar in cases and controls. Cases were
slightly less educated, and reported a significant
higher tobacco and alcohol consumption.

The ORs of oral and pharyngeal cancer according
to tertile of intake of total, first course, second
course, vegetable and fruit diversity are shown in
Table 2. Compared with subjects in the lowest
tertile, the ORs were 0.78 (95% CI 0.61-0.98) for
subjects in the highest tertile of total diversity, 0.62
(95% CI 0.49-0.78) for vegetable diversity and 0.67
(95% CI 0.53-0.86) for fruit diversity, with signifi-
cant inverse trends in risk. No material association
emerged for first course (OR = 0.99) and second
course (OR = 1.07) diversity. Consequently, the
inverse association with total diet diversity was
mainly due to vegetable and fruit. Further allowance
for other covariates, including total energy intake or
body mass index, did not modify the association
observed. The inverse relation with total, vegetable
and fruit diversity was consistent in strata of sex,
age, education, tobacco smoking and alcohol
drinking.

Table 1 Distribution of 805 oral cavity and pharyngeal cancer cases and
2,081 controls according to sex, age and selected other covariates. Italy, 1992—
2005

Cases (%) Controls (%)

Sex

Male 659 (81.9) 1,302 (62.6)
Female 146 (18.1) 779 (37.4)
Age (years)

<50 164 (20.4) 502 (24.1)
50-59 270 (33.5) 630 (30.3)
60-69 286 (35.5) 698 (33.5)
70-79 85 (10.6) 251 (12.1)
Education (years)?

<7 496 (61.6) 1,152 (55.4)
7-1 215 (26.7) 590 (28.4)
>12 89 (11.1) 338 (16.3)
Smoking habit®

Never smoker 102 (12.7) 881 (42.3)
Ex-smoker 220 (27.3) 646 (31.0)
Current smoker

1-19 cigarettes/day 222 (27.6) 334 (16.0)
220 cigarettes/day 260 (32.3) 217 (10.4)
Alcohol consumption (drinks/day)?

<4 264 (32.8) 1,482 (71.2)
4-<9 247 (30.7) 484 (23.3)
>9 290 (36.0) 110 (5.3)

The sum does not add up to the total because of some missing values

Discussion

This study, based on a large dataset, suggests that
total diet, and particularly vegetable and fruit diver-
sity are inversely related to the risk of oral and pha-
ryngeal cancer. Diet diversity (especially diversity
within vegetables) has also been linked to a decreased
risk for gastric [13], breast [6] and colorectal cancer
[3, 4, 20], with specific reference to plant foods. Our
results are consistent with the findings reported in a
previous study from Switzerland [15], as well as in a
preliminary analysis of the Italian dataset [5].

A possible explanation for the observed protective
effect of a more varied diet on oral and pharyngeal
cancer risk is that individuals eating more varied
foods are more likely to consume a larger number
(and quantity) of beneficial dietary components. It is
possible that an increase in dietary diversity explain
the effect of fruit and vegetable intake on the reduc-
tion of oral and pharyngeal cancer risk [11, 22]. A
more heterogeneous diet, however, may simply be an
indicator of a richer diet and of more favourable
lifestyle correlates of oral and pharyngeal cancer.

Table 2 Odds ratios (OR) and corresponding 95% confidence intervals (Cl)
among 805 oral cavity and pharyngeal cancer cases and 2,081 controls
according to diversity of intake of selected food groups. Italy, 1992-2005

Diet diversity® Cases (%) Controls (%) OR (95% CI)°

Total

<27 319 (39.63) 658 (31.62) 1°

27-33 273 (33.91) 734 (35.27) 0.81 (0.65-1.01)
>34 213 (26.46) 689 (33.11) 0.78 (0.61-0.98)
P-value for trend 0.03

First course

<6 211 (26.21) 586 (28.16) 1°

6-7 360 (44.72) 888 (42.67) 1.00 (0.80-1.26)
>8 234 (29.07) 607 (29.17) 0.99 (0.77-1.27)
P-value for trend 0.95

Second course

<7 272 (33.79) 750 (36.04) 1°

7-8 238 (29.57) 627 (30.13) 1.06 (0.84-1.33)
>9 295 (36.65) 704 (33.83) 1.07 (0.85-1.33)
P-value for trend 0.58

Vegetable

<5 315 (39.13) 587 (28.21) 1°

5-7 272 (33.79) 723 (34.74) 0.77 (0.62-0.97)
>8 218 (27.08) 771 (37.05) 0.62 (0.49-0.78)
P-value for trend <0.0001

Fruit

<4 345 (42.86) 611 (29.36) 1°

4-5 289 (35.90) 839 (40.32) 0.71 (0.57-0.88)
>6 171 (21.24) 631 (30.32) 0.67 (0.53-0.86)
P-value for trend 0.001

*Number of items consumed at least weekly

PEstimates from multiple logistic regression equations including terms for age,
sex, study centre, year of interview, education, tobacco smoking and alcohol
drinking

“Reference category
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This study has some of the potential limitations of
hospital-based case-control studies. To reduce infor-
mation bias, the questionnaire was administered to
both cases and controls by the same interviewers,
under similar conditions. Bias in the recall of food
intake should be limited in this not particularly health
conscious population, and given the comparability
between cases and controls in hospital-based settings.
Moreover, we used a reproducible and valid FFQ
questionnaire [2, 7], including a large number of
common food items consumed in Italy. Non differ-
ential under- or over-reporting by cases and controls
would, if anything, lead to an underestimation of the
real association [1]. Controls were selected among
patients with admission diagnosis not related to to-
bacco smoking, alcohol drinking and diet modifica-
tions. The high participation rate of cases and
controls, the comparable catchment areas of study
subjects, the adjustment for major risk factors for oral
and pharyngeal cancer are among other strengths of

the study. In fact, we were able to allow for major
identified potential confounding factors, including
indicators of socio-economic status, alcohol and to-
bacco, and the inverse relations with diet diversity
were consistent across strata of these factors.

The present findings provide support to the dietary
guidelines recommending a more varied diet (par-
ticular in terms of fruit and vegetables) [12, 19], and
its impact on the risk of various digestive tract neo-
plasms, including oral and pharyngeal cancer. Studies
analysing eating patterns that may favourably influ-
ence oral and pharyngeal cancer risk are useful, in
addition to the analysis of individual foods and
nutrients.

Acknowledgments This work was conducted with the contribution
of the Italian Association for Cancer Research, and the Italian League
Against Cancer. The work in this paper was undertaken while CLV was
a Senior Fellow at International Agency for Research on Cancer. The
authors thank Ms 1. Garimoldi for editorial assistance.

A, Giacosa A (1995) Influence of food
groups and food diversity on breast
cancer risk in Italy. Int J Cancer
63:785-789

dietary quality. ] Am Diet Assoc
87:897-903

References

. Breslow NE, Day NE (1980) Statistical 7. Franceschi S, Negri E, Salvini S, Decarli 12. Kushi LH, Byers T, Doyle C, Bandera
methods in cancer research. vol 1. The A, Ferraroni M, Filiberti R, Giacosa A, EV, McCullough M, McTiernan A,
analysis of case-control studies. IARC Talamini R, Nanni O, Panarello G, La Gansler T, Andrews KS, Thun M]J
Sci Publ No. 32, International Agency Vecchia C (1993) Reproducibility of an (2006) American Cancer Society
for Research on Cancer, Lyon Italian food frequency questionnaire guidelines on nutrition and physical

. Decarli A, Franceschi S, Ferraroni M, for cancer studies: results for specific activity for cancer prevention: reducing
Gnagnarella P, Parpinel MT, La Vec- food items. Eur J Cancer 29A:2298- the risk of cancer with healthy food
chia C, Negri E, Salvini S, Falcini F, 2305 choices and physical activity. CA Cancer
Giacosa A (1996) Validation of a food- 8. IARC (1988) IARC monographs on the ] Clin 56:254-281
frequency questionnaire to assess die- evaluation of carcinogenic risks to hu- 13. La Vecchia C, Munoz SE, Braga C,
tary intakes in cancer studies in Italy. mans. Alcohol drinking, vol 44. Inter- Fernandez E, Decarli A (1997) Diet
Results for specific nutrients. Ann Ep- national Agency for Research on diversity and gastric cancer. Int ]
idemiol 6:110-118 Cancer, Lyon Cancer 72:255-257

. Fernandez E, D’Avanzo B, Negri E, 9. IARC (2004) IARC monographs on the 14. La Vecchia C, Tavani A, Franceschi S,
Franceschi S, La Vecchia C (1996) Diet evaluation of the carcinogenic risks to Levi F, Corrao G, Negri E (1997) Epi-
diversity and the risk of colorectal humans. Tobacco smoke and involun- demiology and prevention of oral can-
cancer in northern Italy. Cancer Epi- tary smoking, vol 83. International cer. Oral Oncol 33:302-312
demiol Biomarkers Prev 5:433-436 Agency for Research on Cancer, Lyon 15. Levi F, Pasche C, La Vecchia C, Luc-

. Fernandez E, Negri E, La Vecchia C, 10. Kant AK, Schatzkin A, Harris TB, Zie- chini F, Franceschi S, Monnier P (1998)
Franceschi S (2000) Diet diversity and gler RG, Block G (1993) Dietary diver- Food groups and risk of oral and pha-
colorectal cancer. Prev Med 31:11-14 sity and subsequent mortality in the ryngeal cancer. Int ] Cancer 77:705-709

. Franceschi S, Favero A, Conti E, Tala- first national health and nutrition 16. Mayne ST, Morse DE, Winn DM (2006)
mini R, Volpe R, Negri E, Barzan L, La examination survey epidemiologic fol- Cancers of the oral cavity and pharynx.
Vecchia C (1999) Food groups, oils and low-up study. Am J Clin Nutr 57:434- In: Schottenfeld D, Fraumeni JF Jr (eds)
butter, and cancer of the oral cavity 440 Cancer epidemiology and prevention.
and pharynx. Br J Cancer 80:614-620 11. Krebs-Smith SM, Smiciklas-Wright H, Oxford University Press, New York, pp

. Franceschi S, Favero A, La Vecchia C, Guthrie HA, Krebs-Smith ] (1987) The 674-696
Negri E, Dal Maso L, Salvini S, Decarli effects of variety in food choices on 17. Negri E, La Vecchia C, Franceschi S,

Tavani A (1993) Attributable risk for
oral cancer in northern Italy. Cancer
Epidemiol Biomarkers Prev 2:189-193



284

18.

Rossi M, Garavello W, Talamini R,
Negri E, Bosetti C, Dal Maso L, Lagiou
P, Tavani A, Polesel J, Barzan L, Ra-
mazzotti V, Franceschi S, La Vecchia C
(2007) Flavonoids and the risk of oral
and pharyngeal cancer: a case-control
study from Italy. Cancer Epidemiol
Biomarkers Prev 16:1621-1625

European Journal of Nutrition (2008) Vol. 47, Number 5
© Steinkopff Verlag 2008

19.

20.

Shatenstein B, Nadon S, Godin C, Fer-
land G (2005) Diet quality of montreal-
area adults needs improvement: esti-
mates from a self-administered food
frequency questionnaire furnishing a
dietary indicator score. ] Am Diet As-
soc 105:1251-1260

Slattery ML, Berry TD, Potter ], Caan B
(1997) Diet diversity, diet composition,
and risk of colon cancer (United
States). Cancer Causes Control 8:872-
882

21.

22.

World Cancer Research Fund, Ameri-
can Institute for Cancer Prevention
(1997) Food, nutrition and the pre-
vention of cancer: a global perspective.
American Institute for Cancer Re-
search, Washington, DC

World Cancer Research Fund/Ameri-
can Institute for Cancer Research
(2007) Food, nutrition, physical activ-
ity, and the prevention of cancer: a
global prospective. American Institute
for Cancer Research, Washington, DC



	Sec1
	Sec2
	Sec3
	Sec4
	Tab1
	Tab2
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


