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de la Santé et de la Recherche Médicale, ERI 20, EA4045, and Institute Gustave Roussy, Villejuif, France; 11German Cancer Research Center,
Heidelberg, Germany; 12Hellenic Health Foundation and 13Department of Hygiene and Epidemiology, University of Athens Medical School,
Athens, Greece; 14Molecular and Nutritional Epidemiology Unit, Center for Cancer Research and Prevention, Scientific Institute of Tuscany,
Florence, Italy; 15Cancer Registry, Azienda Ospedaliera ‘‘civile M.P. Arezzo’’, Ragusa, Italy; 16Cancer Epidemiology Unit, University of Turin,
Turin, Italy; 17Department of Clinical and Experimental Medicine, Frederico II University, Naples, Italy; 18National Institute of Public Health and
the Environment, Bilthoven, the Netherlands; 19Department of Medical Biosciences and 20Department of Public Health and Clinical Medicine,
Nutritional Research, Umea University, Umea, Sweden; 21Department of Epidemiology, Catalan Institute of Oncology, Barcelona, Spain;
22Public Health and Health Planning Directorate, Asturias, Spain; 23Direción de salud de Guipúzoa, San Sebastian, Spain; 24Andalusian School of
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Introduction

A potential role of dietary factors on the risk of ovarian
cancer (OVC) has been suggested by ecologic studies due
to observed differences in international incidence rates (1).
The contribution of dietary factors to the etiology of OVC
has been suggested through the modulation of the endog-
enous hormonal milieu (2, 3) or through antioxidant and
anticarcinogenic mechanisms (4). Some case-control studies

have suggested that OVC risk is increased with high in-
takes of fat or dairy products, but the data are inconsistent
(5-15). This relates particularly to foods of animal origin
and specifically to consumption of fish, dairy products, and
meats (16).

Given the paucity of prospective data with a sufficiently
large number of cancer cases, we examined animal food
consumption as predictors of OVC risk in the large-scale
multicenter European Prospective Investigation into Cancer
and Nutrition (EPIC) Study.

Materials and Methods

Details of the EPIC Study have been described in detail
elsewhere (17). Briefly, study participants from 10 European
countries (Denmark, France, Germany, Greece, Italy, the
Netherlands, Norway, Spain, Sweden, United Kingdom),
mostly from the general population, were recruited into the
study between 1992 and 2000 (366,521 women; 153,521 men).
For the present study, females free of any cancer at baseline,
with at least one intact ovary, and with non-missing dietary
and follow-up information have been included (n = 325,731).
All participants signed an informed consent agreement at
enrollment. A detailed description of this study population
can be found in ref. 18.

At baseline recruitment, habitual diet of the past 12 months
was assessed by means of country-specific food frequency
questionnaires or diet histories. Foods of animal origin
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Human Nutrition, Potsdam-Rehbrücke, Arthur-Schneunert-Allee 114-116, 14558 Nuthetal,
Germany. Phone: 49-333200-88-724; Fax: 49-33200-88721. E-mail: ute.noethlings@dife.de

Copyright D 2007 American Association for Cancer Research.

doi:10.1158/1055-9965.EPI-07-0054

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/16/4/852/1745592/852.pdf by guest on 16 August 2022



examined in the present study were total meat, fish, eggs and
total dairy products and selected subgroups of meat (red meat,
poultry, processed meat) and dairy products (milk, yogurt,
cheese).

In EPIC, case ascertainment was based upon linkage to
cancer registries or active follow-up. To classify ovarian
tumors, International Statistical Classification of Diseases and
Related Health Problems 10th Revision (ICD-10) (code C56)

Table 1. Characteristics of the study population by country

Country n Number of cases Person-years Age at enrollment*

France 65,807 118 553,900.54 51 (43-67)
Italy 29,290 50 181,173.33 50 (35-68)
Spain 23,503 40 155,030.34 47 (34-65)
United Kingdom 50,432 79 275,132.22 47 (21-77)
the Netherlands 26,690 51 176,096.83 52 (21-69)
Greece 14,153 12 52,686.42 52 (29-75)
Germany 27,060 32 158,161.07 48 (35-65)
Sweden 26,298 76 204,773.52 50 (29-72)
Denmark 27,411 86 185,204.59 56 (50-65)
Norway 35,087 37 107,817.80 48 (41-55)
Total 325,731 581 2,049,976.66 50 (24-72)

*Values are median (1st percentile to 99th percentile).

Table 2. Multivariable adjusted hazard ratios (HR) and 95% CI for the association between consumption of animal foods
and risk of OVC

Food group* Categorical analysis Linear analysis
c

Quintiles of animal food consumption P trend
b

Q1 Q2 Q3 Q4 Q5

Total meats (g/day) <64 64 to <82 82 to <95 95 to <109 z109
No. cases/person-years 96/344,627 124/399,470 121/412,212 133/432,282 107/461,386
HR 1.00 (reference) 0.83 0.82 0.96 0.78 0.68 1.01
95% CI 0.59-1.17 0.57-1.18 0.66-1.40 0.52-1.17 0.87-1.16

Red meat (g/day) <25 25 to <35 35 to <44 44 to <55 z55
No. cases/person-years 95/366,482 116/338,682 122/387,447 134/466,536 114/490,830
HR 1.00 (reference) 1.22 1.13 1.13 1.04 0.89 0.96
95% CI 0.87-1.69 0.79-1.61 0.78-1.63 0.70-1.56 0.83-1.10

Poultry (g/day) <8 8 to <13 13 to <18 18 to <23 z23
No. cases/person-years 113/404,180 123/387,811 116/382,076 116/438,030 113/437,880
HR 1.00 (reference) 1.06 1.19 0.99 1.05 0.82 1.04
95% CI 0.80-1.41 0.87-1.61 0.72-1.37 0.75-1.47 0.88-1.21

Processed meat (g/day) <17 17 to <26 26 to <33 33 to <42 z42
No. cases/person-years 92/349,404 127/446,062 129/465,219 119/426,045 114/363,611
HR 1.00 (reference) 0.98 1.10 1.09 1.25 0.23 1.05
95% CI 0.69-1.37 0.76-1.59 0.74-1.62 0.81-1.92 0.91-1.21

Fish (g/day) <17 17 to <28 28 to <33 33 to <44 z44
No. cases/person-years 94/399,026 119/415,526 125/418,952 127/428,728 116/387,745
HR 1.00 (reference) 1.10 0.86 0.93 0.90 0.51 1.01
95% CI 0.78-1.53 0.58-1.26 0.62-1.40 0.56-1.43 0.85-1.20

Eggs (g/day) <9 9 to <11 11 to <13 13 to <16 z16
No. cases/person-years 93/363,640 116/393,656 116/435,288 125/435,061 131/422,332
HR 1.00 (reference) 1.18 1.11 1.29 1.19 0.31 0.97
95% CI 0.87-1.60 0.81-1.52 0.93-1.79 0.85-1.67 0.87-1.08

Total dairy products (g/day) <131 131 to <156 156 to <185 185 to <209 z209
No. cases/person-years 129/368,514 164/392,486 106/382,452 92/444,318 90/462,208
HR 1.00 (reference) 1.37 1.05 0.63 0.58 0.28 0.89
95% CI 0.93-2.01 0.62-1.77 0.30-1.31 0.26-1.29 0.63-1.24

Milk (g/day) <55 55 to <114 114 to <173 173 to <264 z264
No. cases/person-years 128/444,532 93/383,138 100/408,507 122/417,860 138/396,940
HR 1.00 (reference) 0.75 0.77 0.84 0.93 0.88 1.03
95% CI 0.56-1.00 0.58-1.01 0.64-1.11 0.70-1.25 0.93-1.14

Yogurt (g/day) <6 6 to <30 30 to <55 55 to <83 z83
No. cases/person-years 125/379,512 90/356,003 101/382,765 122/446,537 143/485,159
HR 1.00 (reference) 0.75 0.84 0.91 0.90 0.75 1.06
95% CI 0.55-1.01 0.64-1.11 0.69-1.20 0.69-1.19 0.96-1.17

Cheese (g/day) <19 19 to <28 28 to <36 36 to <44 z44
No. cases/person-years 129/388,033 128/418,952 114/402,912 101/406,166 109/433,914
HR 1.00 (reference) 0.96 1.03 1.00 1.18 0.36 1.04
95% CI 0.69-1.35 0.70-1.51 0.67-1.49 0.77-1.80 0.91-1.18

NOTE: Hazard ratios were adjusted for body mass index, parity, menopausal status, ever use of oral contraceptives, total energy intake, education, smoking, unilateral
ovariectomy, and hormone replacement therapy use at baseline.
*Food intakes are calibrated.
cPer increment of 1 SD (total meats: 30.3 g/day; processed meat: 15.6 g/day; poultry: 9.3 g/day; red meat: 18.2 g/day; fish: 17.5 g/day; eggs: 6.6 g/day; total dairy
products: 39.4 g/day; milk: 125.7 g/day; yogurt: 44.6 g/day; cheese: 15.6 g/day); additional adjustment for nonconsumer status.
bQuintile numbers as continuous variable in regression model.
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and International Classification of Diseases O-2 were used. As
of April 2004, 620 OVC cases have been reported to the
common database at IARC, Lyon. Of those, 581 were primary
malignant cancers used for the analysis. Histologic subtype
was specified for 61%.

To make dietary exposures comparable across partici-
pating countries, dietary intakes were calibrated using a
fixed-effects linear model in which center and gender-
specific 24-h recall data from an 8% random sample of the
total cohort (19) were regressed on questionnaire intakes
controlling for covariates (20). Cox’s Proportional Hazards
models were used to evaluate the association between
animal food consumption and OVC occurrence. The models
were stratified by study center to control for (unmeasured)
center effects. Age was used as the primary time variable
with the subjects’ age at recruitment as entry time and the
subjects’ age at diagnosis or censoring (death, emigration, or
last complete follow-up) as exit time. Models were con-
trolled for body mass index; total energy intake (continu-
ous); parity (parous, nulliparous); ever use of oral
contraceptives; hormone replacement therapy (yes, no,
unknown); menopausal status (pre-, postmenopausal, not
defined); education (three categories); smoking (never, ever,
unknown); and unilateral ovariectomy (yes, no). All statistical
tests were two-sided, and a P value <0.05 was considered
statistically significant. We calculated a power of 95% to
detect a significant hazard ratio (HR) of z1.5 for the highest
versus the lowest quintile (a = 0.05; ref. 21).

Results

Baseline characteristics of the study population can be found in
Table 1. We observed no significant association between the
major animal food groups (total meat, eggs, fish, total dairy
products) and risk of OVC, neither with the quintile analysis nor
with the linear analysis (Table 2). In addition, meat subgroups
(red meat, poultry, processed meat) and dairy products (milk,
yogurt, cheese) did not show any relationships with incident
OVC (Table 2). Further adjustment for fruit and vegetables or
other animal products made little difference to these estimates
(data not shown). We found no evidence for effect modification
by menopausal status, ever oral contraceptives use, and baseline
hormone replacement therapy use for any of the animal foods.
Nulliparous women seemed to benefit from a high consumption
of total dairy products [HR, 0.37; 95% confidence interval (95%
CI), 0.14-0.97, per increment of 39.4 g/day (1 SD)] compared
with parous women (HR, 1.01; 95% CI 0.69-1.47; P interaction =
0.0025); however, none of the dairy subgroups nor other animal
foods showed significant associations. Histology-specific [se-
rous (n = 228), mucinous (n = 51), endometrioid tumors (n = 56)]
models yielded mostly nonsignificant risk estimates except for
associations between serous tumors, total meat and poultry
(HR, 1.27; 95% CI, 1.02-1.60; and HR, 1.31; 95% CI, 1.07-1.61 per
increment of 1 SD in intake, respectively; data not shown).

Exclusion of women who were diagnosed within 1 year of
recruitment (n = 81) did not materially change these
associations.

Discussion

The present study on >325,000 European women does not
provide evidence for an association between consumption of
animal foods (meat, fish, eggs, dairy products) and risk of
OVC. Although cohort evidence is still limited, a direct
association between meat consumption and OVC risk has
been suggested in several case-control studies (10, 12, 15,
22-24). Egg consumption has been related to OVC in most of
the cohort studies (25-27) but not all (28). To date, there is only
one prospective analysis of fish consumption and OVC risk

reporting a null finding (28), whereas an inverse association
was indicated by several case-control studies (8, 22, 29). With
respect to dairy foods, study results are mixed (9, 12, 14, 15, 22,
23, 26, 30-33).

To our knowledge, this is the largest prospective study to
report on a variety of animal foods in relation to OVC risk.
Apart from its large sample size, its specific strength is the
wide variation in food consumption due to the multicenter
design of EPIC. Limitations of the study include the potential
of misreported food consumption, which could have obscured
weak associations.

In conclusion, in the present study, we found no evidence of
a significant association between animal food consumption
and OVC risk. Our findings from subgroup analyses (parous
versus nulliparous women; histology-specific analysis) need
confirmation in future studies because the number of cases per
subgroup was relatively small, and we cannot rule out that
these findings might have occurred by chance.
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