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PREFACE
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The Netherrands Cancer Foundation has funded this project, but arsooffered to me the opportunity to obtain my M.Sc. degree inEpidemiorogy at the Harvard school .,f public Heaith, Boston, usA.

The many study subjects who have vorunteered in the study haveprovided me with information on their diet and rife styre, and withbiological materials.
surgeons and other medicar specialists in the study areas havecorrected preoperative brood, recruited the subjects and givenpracti-ca] advice during the deveropment of study procedures. Furtherusefur advice was obtained from comprehensive cancer centres andrepresentati-ves of women with breast cancer (Landerijk contactorgaanBegeleidingsgroepen BorstkankerpatiElnten ) .Municipar popuration registries in the study areas who areacknowledged for sampling the control subjects.

The TNo-crvo roxicology and Nutrition rnstitute have provided theknow-how and technicar- equipment for the analysis of biologicalmateri-ars and the infrastructure required for this study. Mycorleaques in the Department of Human Nutrition have proved apreasant team to cooperate with during arl stages of the project.Dr Theo Ockhuizen has supported the study at ti-mes project
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studied. You have given me the opportunity to do so'
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Chapter 1

]NTRODUCT]ON

1.1 Scope

The potential rore of the diet in carcinogenesis is wi-deryrecognized. An association between diet and cancer seemsbiologicarry plausibre, and might provide clues for cancerprevention. Despite this favourable starting-point for research, theidentification of the major dietary factors determining cancer riskand the er-ucidation of the biol0gical mechanisms is hiqhrycomplicated. Diet is a time-rerated comprex mix of exposures,simurtaneousry exerting protective and harmfur effects on thebiological organism- The deveropment of cancer is croseryintertwined with normar physiorogicar processes, and the factorsdiscriminating normar and marignant growth are onry partialryunderstood.

The objective of nutritionar cancer research is to obtain additionarknowledge on the presumed diet-cancer association by refinement orgenerarization of previ-ous views, and corroboration or refutation ofhypotheses. Arthough there is a vast amount of circumstantiarevldence supporting the diet-cancer association, much essentiarinformation is stirr r-acking both from raboratory and epidemiorogi-cal research. Laboratory research may identify the necessarymorecurar and celrurar causes of cancer initiation, with a highdegree of generarizibility at this revel of observation. Human andanimar experimental research incorporates the functionarcomprexities of the organism in vivo, arbeit under narrowry defined,and sometimes artificiar conditions. Epidemiorogicar researchcontributes to the identification of risr factors among humanindi-viduars, within a wide range of highly comprex conditions ofnormal dairy rife. Thi-s may herp to quantify the relative importanceof various presumed causes of cancer, to identify ctues for furtherepidemiologi-c and raboratory research, and to evaruate the potentiarpubric health benefits of various strategies for cancer prevention.

rn this thesis, the diet-cancer relationship is approached by theepidemiologic method of the case_control study/ implyingretrospective observation and subsequent comparison of humancharacteristics as the basic method to gain additionar knowredge.Therefore, as compared to the scientific ,,gorden standard,,, i.e.,the experimentar approach, the potential infruence of systematic andrandom errors requires speciar attention. rn the case-contrordesign, systematic errors may derive from serection of the studypopuration, the gathering of the rerevant information on exposureand disease, and confounding by extraneous factors. Random errors
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Introduction

may result from sampiing variability and problems in standardization
of the measurement of exposures and confounders, especially when the
heterogeneity of exposure in the study population is Iimited.
compared to experimental cancer research (e.g. animal experiments,
in vitro research, molecular biology) / the epidemiologic approach
Iacks the potential for a direct biological explanation. on the
other hand, however, epidemiology has the advantage of directly
comparing risks experienced by human populations and, therefore,
encounters less problems with regard to the direct relevance of
study results.
consistency of results from both research lines would provide the
strongest basis for causal inference and preventive action. The

scope of the research described in this thesis is to contribute data
to the epidemiological evidence on the relation between diet and

female breast cancer, and to discuss these in the light of the
epidemiological Iiterature.

1.2 Rationale

In the Netherlands, as in many other industrialized countries, about
25e. of total mortality is caused by cancer. Breast cancer is the
most conmon type of female cancer in most west European countries,
North America and Australia. Breast cancer incidence rates in these
countries may be four times the rates in countries Iike Japan,

India, or China (1). Data on breast cancer incidence and mortality
(2r3) from the Netherlands and other countries suggest that it has

increased in the past five decades. In the last decade about 6000

new cases have been diagnosed annually, and about 3000 women die of
breast cancer in the Netherlands (4).

The international variation in breast cancer rates suggests that
environmental and/or genetic factors may affect the disease.
Ecological correlation studies ( 5 ) , cancer risk in special
populations (6), time trends in cancer occurrence (7), and studies
i" migrant populations (B-10) have suggested that environmental
factors such as diet rather than genetics may play an important role
in carcinogenesis. It has been suggested that one third to one half
of cancer is avoidable by modification of dietary factors (LL,72).
For cancer of the breast and colon, the most important malignancies
among non-smokers in Western societies, Doll and Peto 'guestimated'
that up to 50 and 90 per cent respectively might be avoidable ( 12 ) .

Although these figures should be interpreted with caution (1'2,L3) |

these types of cancer have gained most attention in research on diet
and cancer (14). The modifications in dietary habits that would be

required to obtain the maximum reduction in cancer rates may not be
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realistic for most countries, however, and it
before they exert fuII effect (15). Therefore,
publi-c health goals on a more limited term,
optimistic percentages ( 16,17 ) .

may take decades
papers referring to

tend to give less

Ecological studies and animar experiments have suggested that thehiqh breast cancer mortarity in the Netherlands might be associated
with a high per capita fat intake and a row selenium intake.
Therefore, it was considered of interest to find out whether these
associations coufd also be demonstrated at. the individual rever.

The potentiar role of fat and energy intake in carcinogenesis has
al-ready been recognized in animar experiments conducted in the1940s. These studies have pointed out that ad ribitum feeding (as
compared to energy or food restriction) and a high-fat diet might
adversery affect cancer risk. rn the earry 19g0s/ severar case-
control studies have been conducted which indirectry tested the fat
hypothesis by assessing the of consumption-frequency of foods with ahigh fat content/ such as fried foods, meat and mirk products. Thedietary methodology emproyed in these studies was generar_ry not
sui-ted to measure fat intake adequately, and new studies need more
advanced dietary assessment. techniques to evaruate the fat-breast
cancer hypothesis.

In the early 1980s, results from a number of animal experiments
suggested that dietary serenium compounds might protect againstcancer at several sites, incruding the mammary grand (18/19). These
animal data were supported by ecorogicar studies and preriminary
epidemiologicar findings (2o,27, chapter 3). Furthermore/ serenium
intake among Dutch women (22) Ls considered to be on the rower endof the 'safe and adequate, intake range of 50_200 Ug per day (23).
Thus, the serenium status of Dutch women may be borderrine and this
may enhance their risk of mammary cancer.

1.3 Study objectives and outline of the thesis

The primary aim of the study was to determine the reration of (type
and amount of) fat consumed, dietary selenium, selenium status, andbreast cancer in Dutch women. rn addition to these main topics, therore of other dietary factors has been evaruated by assessment ofthe reproducibirity of resurts from other studies. one of theadditional hypotheses concerned the inverse association between
fermented milk products and breast cancer, which has emerged from acase-contror study in France. Furthermore, the possibre protection
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Introduction

by (constituents of) vegetable products and the potential harmful
role of alcohol was studied.

In order to study the association between these dietary factors and
breast cancer/ the following leading questions were formulated:

- rs dietary fat intake in breast cancer cases higher than in
controls, independent of total energy intake?

- Are dietary intake and biomarkers of selenium status Iower in
breast cancer cases than in controls?

- Is the consumption of fermented milk products lower in breast
cancer cases than in controls?

- Is a diet rich in vegetable products inversely related to breast
cancer? ff so, to which food component can this association be
attributed?

- Is the positive association between alcohol consumption and breast
cancer also observed in the Netherlands? fs drinking alcohol at
young age associated with breast cancer?

- To what extent is a combination of supposedly favourable and
unfavourable dietary habits associated with breast cancer?

The scientific background of the above questions is summarized in
chapter 2. Because of the retrospective study design and limited
accuracy of dietary recal-I from a distant past/ the reference period
for most food habits was limited to the relatively short period of
one year before breast cancer diagnosis. In addition, the number of
women that eventually entered the case-control study did not permit
us to explore effect modification of the diet-breast cancer
association by separate strata of menopausal status/ as was

initially intended. These and other aspects of study design, conduct
and analysis are described in chapter 3. Results of the study with
regard to dietary fat and selenium are presented in chapter 4 and 5.
The results concerning fermented milk products, vegetable products
and alcoho'l consumption are given in Chapters 6 to B. After the
separate evaluation of each of these dietary components, the
question emerges whether a simple model can be formulated which
summarizes the main findings of the study and relates the
heterogeneity in dietary habits to breast cancer, assuming that the
observed associations can be considered real. This is addressed in
Chapter 9.
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Finarry/ in chapter 10, the methodorogicar i-ssues pertaining to this
study are discussed, suggestions for further research are provided
and the study resurts are viewed in the right of current dietary
guidelines.
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Chapter 2

DIET AND THE AETIOLOGY OF BREAST CANCER

2.1 Carcinogenesis

Marignancy can be characterized by the capacity of cer-rs to grow
infinitety, to invade surrounding tissue and to metastasize to othertissues, and to express a large genetic heterogeneity (1). Depending
on the tissue of origin of the tumour/ these properties can be more
or ress crearly recognized. rn the past decade, the discovery ofoncogenes, controlling cerrurar differentiation and proriferation,
has provided a concept of carcinogenesis that may serve to rargeryintegrate resurts from epidemiorogicar, biorogicar, chemical andradiological studies in this area (2,3). rn order to provide aframework to summarize the epidemiorogy of breast cancer/ and to
determine the potentiar role of diet, two fundamentar issues incarcinogenesis need to be discussed first, i.e., the biorogical
concept of stem cerrs, and the shape of the age-incidence curve
observed for breast cancer.

First, the biorogicar process of tissue turnover by a constant
renewa-r of 'o1d' tissue is essentiar to normar rife as werl- as tocarcinogenesis 14). The stem cerrs, which are the cerlular source oftissue renewar, start to divide by the presence (or absence) of some
endogenous factor, forrowed by the differentiation of daughter cerrsinto a population of functionalry adequate cerrs, integrated in thesurrounding tissue (516). The genetic code of the stem celrs is herdresponsibl-e for the proper differentiation and expression of therequired celrurar functions of the tissue. Arterations in keyregulatory sites of the genetj-c code may lead to improper expres_sion, resulting in cerfs escaping normar contror of growth/ which ischaracteristic of marignancy. For breast tissue, the state ofdifferentiation reached by the stem celr descendants depends onsexuar and hormonar factors and vari-es throughout rife (7rB). Thesebiologicar concepts impry that the occurrence of breast cancer may
be the result of decades of exposure of the stem cerls/ and that therol-e of diet in breast cancer aetiorogy may vary during differentperiods of life.

Second, the reration between cancer incidence and ag.e has beeninterpreted as evidence for the muJ-tistep nature of carcinogenesis,
implying a totar of about five distinct and independent rate-limiting steps in order to arter a normar (stem) celr- into a
compretely transformed celr expressing its marignant properties
(9-11). This general moder has been modified to account for duration
of exposure (e.g.r'smoking from an age of 2O-4O), rather than a9e,Ieading to the concept of early- and late_stage carci-nogens ( 12 ) .
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Diet and the aetiology of breast cancer

These theoretical models of carcinogenesis have been adapted to
explain the characteristic cross-sectional age-incidence curve of
breast cancer, which shows a steep increase up to an age of 50 and

flattens after menopause ( 13 ) . This characteristic curve has been

observed in populations widely differing in breast cancer risk, once

cohort effects on incidence are taken into account (14r15). This
typical curve has been interpreted in terms of a two-stage model

tiOl, breast tissue 'age, (as related to hormonal and reproductive
factors ) ( 17 ) , and of a two-disease model accounting for growth

characteristics and hormonal exposure of breast tissue (18). There

are many indications suggesting that factors operating during early
Iife (L9t2O) and hormonal factors may influence breast cancer risk
(21). Diet may affect breast cancer risk at young age, but also in
the promotional stage, possibly mediated by hormonal interactions'
within the context of our case-control study, however, the dietary
factors that are most likely to be identified relate to breast
cancer promotion, and the relevance of these factors at young age

may be different.

2 .2 Risk factors of breast cancer

As indicated in the previous section, genetic factors, tissue
proliferation and differentiation, and hormonal factors play an

important role in breast cancer aetiology. The increased breast
cancer risk among women with a family history of breast cancer
points at a role of hereditary factors (22-24). In case of familial
cancer part of the genetic alterations required for complete cell
transformation may be inherited, whereas the remaining steps are

acquiredduringlife(2,25,26).Bothinheritedandacquiredfactors
may be tumour-suppressing or cell-transforming genes/ or may affect
the differentiation and expression of growth-regulating cellular
mechanisms (27).

Sexual and reproductive factors are well recognized as risk faCtOrS

for breast cancer ( 13 ) . Both are related to the development of
breast tissue during puberty and further differentiation during
pregnancy/ closely intertwined with hormonal factors. Early first
full-term pregnancy protects against breast cancer, whereas risk
increases as the first child is born at higher age. The number of
children appears to have Iittle additional protective effect, if any

(13). Hormonal factors are involved as well, since a late age at
menarche, and an early menopause (e.9., ovariectomy; reduce breast
cancer risk ( 13 ) . Furthermore, overweight may increase risk/
especially after cessation of ovarian function in postmenopausal
,o*.rr, in whom adipose tissue is the main source of oestrogens (28).
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Finally, the presence or absence of oestrogen receptors in
tumors is related to tumour doubling time (29), prognosls
therapy ( 31) .

breast
( 30) and

Finalry, other factors have been rerated to breast cancer/ such as
socio-economic status, rever of education, and race (32). The ror-eof these factors wirr not be discussed here. rn generaf, thesefactors are not believed to have a direct biorogical significance,
but are considered to be indicators of rife-sty1e, incrudingnutritional factors and use of health care facilities.

.3 Dietary factors and breast cancer

2.3.1 BioTogicaT mechanisms

General
rn the multistage moder of carcinogenesis, any factor that affectsthe rate of transition of stem cerls of the breast tissue from onestage to the next stage or t.hat stimurates the proriferation ofcells in an intermediate stage can be considered an aetiorogicalfactor. Foods and nutrients may affect the transi_tion-probabrility
and growth-advantage of breast tissue in severar ways, for exampreby providing (pre)carcinogens, by affecting metaboric activation(e-9. in the intestines or the river), by affecting absorption anddistri-bution of (pre)carcinogens and essential nutrients/ by directaction on the target cerrs, or by indirect action mediated byhormonal factors (33). The biorogicar mechanisms for the dietaryfactors under study are discussed in more detail below-

Dietary fat
with regard to fat intake and breast cancer, severar- mechanisms have
been proposed. Because of the essentiar rore of hormones in breasttissue development and function, hormone-mediated mechanisms areconsidered important. other mechanisms, mediated by the type of fator by factors specificarry rerated to breast tissue, may offer waysof cancer prevention of more practicar relevance. These mechanismsare summarized below.

First, a high intake of dietary fat, or a high energy intake (34,35), may infruence the risk factors of breast...""., for example byan earlier menarche, a delayed menopause, and/or overweight,especially after menopause (36-40). with respect to the biorogicar
mechanism, energy rather than dietary fat may be the rerevantfactor. caloric restriction, associated with rowered body fatcontent, dramatically reduces carcinogenesis in various ani_mar tumor

2t
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models (41-45). Similar results have been reported for voluntary,
but not for forced exercise (46). The effect of caloric restriction
may be mediated by hormonal (411 or hypothalamic factors (48). The
Iowering of mammary cancer in rodents has been related to reduced
organ cellularity and proliferation, but the precise role of these
factors during different periods of Iife remains to be determined
(49l50).

second/ dietary fat also enhances tumor development in ad libitum
fed animals (51) and this may be of more direct relevance to human

carcinogenesis in affluent societies. Dietary fat may affect
hormonal exposure to breast tissue possibly mediated by the
metabolism of the intestinal flora ( 52-54) t levels of circulating
oestrogens and other hormones, or the development of hormone
receptors (55). These mechanisms may also be relevant to other
hormone-dependent malignancies (56). The experimental evidence for
the effect of fat on mammary carcinogenesis is not fully consistent,
however, and several animal experiments have suggested that it is
not mediated by hormonal factors (57l58).

Third, the type of dietary fat may affect cancer risk by mechanisms
unrelated to hormones, e.9. by altering the fatty acid composition
of the cell membrane ( 35 ) . These alterations are related to both the
physico-chemical properties of fatty acids, such as membrane

fluidity, and specific biological effects of fatty acids related to
ceIl-to-celI communication, immune responsiveness, and prostaglandin
synthesis (35t59-62). These factors, however, are not necessarily
specific to cancer of the breast.

Finally, exogenous substances present in breast fat cells or ductal
epithelium, may induce oxidation of fatty acids and cholesterol.
High amounts of cholesterol, cholesterol oxidation products and
Iipid peroxides have been detected in breast fluid ( 63 ) .

Cholesterolepoxides are known to have cytotoxic and mutaqenic
properties (64t65). Furthermore/ the concentration of cholesterol in
breast fluid has been related to risk factors for breast cancer
(66), and elevated levels of cholesterol oxidation products have
been observed in women with benign breast diseases (67) considered
to be precursor lesions for breast cancer (68,69) -

Selenium
The image of the trace element selenium has changed from a toxic and
carcinogenic substance into an essential trace element with
antioxidant and anticarcinogenic properties (70). The range between
deficiency and toxicity in animals is between 0.1-3-0 yq/g (dry
weight), which corresponds to an average daily intake of 50-1500 Ug
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for man (11t12). rn the usA and the Netherrands these data have
resulted in a 'safe and adequat.e' range of intake for adults of 50-
2OO yg/day (72) and 50-150 Vg/day, respecrively (73).

The mechanism by which serenium is refated to carcinogenesis is
stirr unknown. serenium is an essentiar trace erement/ which can be
incorporated in the serenium-dependent enzyme grutathione peroxidase
(GSH-P,), which removes hydrogen and fatty acid peroxides from the
cytosolic cerl fraction. serenium is also involved in the metaborism
of DNA-peroxides, steroids, prostaglandins and antibodies (7ot'r4),
and the search for essentiar rores of serenium is still uncompreted
(75,76) .

Because antioxidants have been impricated in carcinogenesis, it
seems attractive to attribute the favourabre effects of serenium to
its essential role in GSH-px. Experimentaf evidence, however, is not
in rine with this hypothesis. First, animar experiments have
indicated that the anti-tumour potential of serenium is observed
most crearry when the suppry of serenium (as serenite) is maintained
at a high rever (77)t L.e., above intake levers that infruence csH-
Px activity- second, under marginal intake of serenium (as
selenite), the priority pathways of selenium distribution are those
to the brain, the reproductive organs and the endocrine organs, and
within these tissues to selenoproteins other than GsH-px (78).
The erucidation of the mechanism of protection by serenium is
further complicated by differences in metaborism among the various
chemical- forms of serenium (e.9.r serenite, serenomethionine), their
distribution over different metabolic pools and their association
with protein metaborism. These chemical and biorogical characteris-
tics of different selenium compounds may ar1 contribute to a
dirution of the arleged inverse association between an unknown but
specific anticarcinogenic cerlurar function of selenium and the
selenium intake of the organism (77).

Fibre and micro-organisms
Partiarry pararler with coronic carcinogenesis, the metaboric
activity of the intestinar microfrora, which is determined by
dietary and host factors, has been rerated to breast cancer. rn
addition to intestinal secretion and cerr turn-over, dietary factors
provide the enerqy source of indigenous and ingested bacteria that
managed to survive the passage through the upper gastro-intestinar
tract. Both fibre, fat, and ingested micro_organisms (e.g., from
fermented mirk products) may infruence the metaborism of steroids
excreted with the bile, the intestinar production of biorogicalry
active substances, and immunological factors.
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Like other steroids, oestrogens are excreted in the bile as

glucuronide or sulphate conjugates. These may either be deconjugated
by the bacterial enzymes p-glucuronidase and sulphatase, leaving
free oestrogens available for reabsorbtion, or may remain conjugated
and be excreted in the faeces. Modification of the microflora by
antibiotics, a vegetarian diet or ingested viable micro-organisms
may decrease the deconjugating activity of the flora, thus resulting
in a decrease in urinary (79) and an increase in faecal oestrogen
excretion, possibly associated with lower plasma levels (80/81).
Furthermore, alteration of the bacterial flora may influence the
intestinal production of oestrogens (82r83), the formation of anti-
oestrogenic Iignans from fibre-rich products (84) and the metabolism
of xenobiotics excreted in the bile or ingested with the diet.
In addition to alterations in the metabolic activity of the
intestinal flora, ( ingested) bacteria may affect the host by
stimulating the immune response/ as has been shown for Iactobacilli
used in cultured milk products ( 85-87 ) .

Most commonly, the low fat and the high fibre content of a

vegetarian diet is held responsible for the metabolic and hormonal
alterations observed. However, differences may also exist with
regard to the use of milk products, Iactobacilli, or other dietary
components. Although it is extremely difficutt to identify the
crucial gastrointestinal factors, and to obtain quantitative
assessment of these relations, the hypothesis seems attractive
because it may identify dietary factors relevant to breast cancer
promotion and progression.

Antioxidants
The concept of free radicals and reactive oxygen species provides a

general framework for theories that contribute to an explanation of
the occurrence of cancer and many other age-related diseases ( 88 ) .

Free radicals are generated in foods (89), enzymatic (90) and non-
enzymatic biological systems (91), and may lead to biochemical
damage to the cell and the organism. Both enzymatic and non-
enzymatic systems are available to prevent such damage, e.9.r the
enzymes superoxide dismutase, catalase, glutathione reductase, and

the selenium-dependent enzyme GSH-PX, and biological substances such
as flavonoids, glutathione and uric acid. The net biological effect
of these reactions depends on the balance between these processes in
the various tissues and cell compartments.
There have been no specific attempts to relate this theory to breast
cancer, but the antioxidant capacity of several dietary compounds,

e.q., d-tocopherol, p-carotene, other carotenoids and vitamin C,

suggests that it might explain part of the association. with regard
to breast cancer, this theory would gain in biological significance,
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if one of the antioxidants is specificarry rerated to the endocrineorgans, to hormone metabolism or to protection of breast adipocytesor epithelium against oxidative damage.

alcohol
rn recent years, a positive association between arcohor intake andbreast cancer has been reported severar times. Biorogicar mechanismsare largely unknown and mainry based on carcinogenesis of nonhormone-related cancer sites in raboratory animars exposed to highdoses of alcohor (g2t93). Mechanisms mediated by endocrine factorshave received much ress attention (94). preriminaiy study resurts onserum and breast fluid oestroqens showed an inverse associationbetween alcohor and serum oestrone, and a positive associationbetween alcohol and breast fruid oestradior in premenopausar but notin postmenopausar women (95). Resurts of a crossectionar surveyamong postmenopausar women in the usA indicate that oestrone andoestradior revels tend to decrine with increasing alcohorconsumption (96). However, because of the potentiarry rarge riskenhancement at moderate drinking levels, more precise studies areneeded.

2.3.2 npidenioTogical evidence

General
rn addition to ecorogicat and time trend studies, and studies inmigrant popurations or popurations with characteristic dietaryhabits, many epidemiorogicar studies have investigated the potentialrole of dietary factors in breast carcinogenesis at the indivi_duarlever. These studies have been reviewed extensivery and it seemsmost useful to summarize the ,state of the art,/ rather thanreviewing the same studies again (97_101).

Dietary fat
rn ecologicar studies/ totar fat-derived energy has been shown to bepositivery associated with breast cancer, but not v/ith non-fatcalories ( 102 ) . This type of studies at the population lever hasbeen extensively reviewed, and they have generally been supportiveof an association between the average diet in affruent soci-eties andbreast cancer (see arso section r.2;9g,99). Because of their rimitedmethodorogical strength (99), however, these and other studies on apopulation-Ieve1 wil-I not be discussed here in detail.
Many case-contror studies have reported seemingry confrictingresurts' severar of these studi-es have reported issociati_ons withconsumption of food groups rather than fat intake, probabry because
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this was not allowed by the dietary assessment method employed. In a

total of L4 case-control studies reviewed by Goodwin and Boyd (991,
positive associations have been observed with consumption frequency
or daily intake of high-fat food items such as butter (in one study:
at table), margarine, frying fats, fried potatoes, meat (pork,
beef), visible fat on meat, cheese, whole milk, milk and dairy
products combined. Fat intake was evaluated in eight of these 14

studies, but only one of these reported a statistically significant
positive association. This result, however, might be attributable to
the exclusion of subiects with fat-related diseases from the
hospital controls. This particular study was not included in a

recent review by Rohan and Bain (98) who mentioned only three case-
control studies allowing the evaluation of total fat intake ( 103-
105), and considered the results presented by Howe (104) - which is
essentially a reanalysis of Millers data (106) - weakly supportive
of a positive association. The positive associations with fat-rich
food items reported from other studies are given Iess weight since
they are considered ,indirect measures of fat intake' . Based on

three case-control studies ( 106-108 ) , Prentice ( 109 ) derived an

overall relative risk estimate of I.2 ( 95 percent confidence
interval 1.0 - 7.4) for subjects above versus below median fat
intake.
Two recent case-control studies, from Italy (110) and Canada (111)

support a positive association between fat and breast, cancer. The

findings from Italy have been attributed to the lmethodologically
favourable) Iarge heterogeneity in fat intake (7721t but others have
suggested that recall-bias might have played a role ( 113 ) . In the
canadian study, mammographic features of the unaffected breast of
cases were related to those of controls, showing a positive
association with increased extent of nodular and homogeneous

densities on the manrmogram. Subsequently, it was shown in the
controls that these marunographic features were positively associated
with (energy-adjusted) intake of saturated fat (111)'
In summary/ most case-control studies can be viewed as consistent
with a weak but positive association. The inconclusiveness of the
overall results might be attributable to differences in study design
(e.g., source of controls) and dietary methodology.

Prospective studies are less likely to produce biased results. Four
of these have been reported. In Japan, Hirayama observed an elevated
standardized mortality ratio among women who ate meat daily as

compared to women who ate meat rarely or were vegetarian. However,
the number of breast cancer cases in the highest category of meat

consumption frequency was very small and the dietary methodology was

very simpLe as compared to current methods (114). In contrast,
breast cancer mortality among Seventh-Day Adventists in California
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appeared not to be rerated to meat consumption ( 115 ) . rn addition to
these studies, two other prospective studies have been conducted
within a popuration that can be considered to consume a ,western,
diet. In the Nurses Hearth study, a total of 601 cases were
identified from a cohort of 89,538 fol-1owed for four years (116). rn
this study, dietary fat intake was determined by means of a semi-quantitative food frequency questionnaire, and the resufts refer to
incidence rather than mortarity. No association was observed with
energy intake, fat intake, intake of saturated fatty acids, linoleic
acid or cholesteror. Another prospective study included 99 breast
cancer cases and 5, 386 controls ( 117 ) . rn this study, nutrient
intake was carcurated from a 24-]notr recarr interview. The resurts
showed an inverse reration with fat intake, which disappeared when
energy was taken into account.

Thus, any overarl concrusi-on on the reration between dietary fat and
breast cancer strongly depends on the rerative weights attributed to
the resurts of the Nurses Health study as compared to the case-
control studies. The apparent inconsistency of the resurts, however.
does not provide a solid basis for conclusive inference (99), which
may be attributed to rimited heterogeneity within the populations
studied, biases in case-control studies and probrems in dietary
assessment ( 101, 118/ 119 ) . rn fact, it has been shown that the
associations observed in severar case-contror and cohort studies
were in close agreement with resurts from ecorogical studies, and
that the apparent inconsistencies may simply arise by chance (109).
rn other words, there is a rarge probrem with regard to statistical
power in these studies, since even very large studies cannot rufe
out moderatery increased risks, stirl considered rerevant to pubric
health (L2O).
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To overcome severar of these probrems, a ten-year multi-centre
cancer prevention triar among 32lo0o American women aged 45 to 69,
the women Health Tria], has been proposed and its feasibility
explored (L271. This study intended to test whether a low-fat diet
(20% of energy from fat) reduces breast cancer incidence in thi-s age
category of women (7o7tr2r,t22). cor\troversies as to the strength of
the hypothesis/ the statisticar power and compfiance to the diet,
however, have resulted in the discontinuation of the furr-scare
implementation of the trial (121.).

with regard to the type of fat, cross-curturar studies have not
shown an association between vegetabre fats and breast cancer ( 102 ).case-contror and cohort studies were generarry not werl suited to
evaluate hypotheses on saturated/ monounsaturated and polyun_
saturated fatty acids separately. Their murticorlinearity and the
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limited validity and reliability of dietary methodology have
prohibited detailed in-depth analysis of the potential effects of
specific fatty acids.
Tn a small number of studies biochemical markers of diet have been
included. Since high dietary fat and cholesterol intake are
positively associated with serum cholesterol levels, the relation
between Serum cholesterol and breast cancer could provide another
means to testing the fat-breast cancer hypothesis. Four of such
studies are documented, but they fail to support the hypothesis, or
even contradict it (98). rn one study, the fatty acid composition of
adipose tissue from breast cancer cases was compared to subjects
with fibroadenoma and other breast diseases, but the results did not
show systematic differences between the (small) groups of subjects
with regard to the quality of the fat or the polyunsaturated/satu-
rated fatty acids ratio (723). Although it would have been
interesting, there are no studies to our knowledge, that have
considered fatty acid profile and antioxidant status simultaneously.
In conclusion, there is essentialty no reliable epidemiological
evidence on breast cancer relating to specific types of fat,
biomarkers of fatty acid composition, or fat-soluble antioxidants.

Selenium
The epidemiological evidence for an inverse relation between
selenium and breast cancer is limited. Ecological studies on trace
elements and cancer have shown an inverse association between breast
cancer mortality on the one hand and estimated per capita selenium
intake and selenium in blood from donors on the other hand (L24l
725 1. Additionally, in two case-control studies a lowered plasma
selenium concentration was observed in breast cancer cases as
compared to controls (726t121).
Since then, several analytj-cal epidemiological studies have been
conducted on selenium and total cancer risk. These are summarized in
Table L (L26-L4O\. In general, selenium levels in cases were
slightly lower than in controls, suggesting an inverse association.
In studies reporting sex- or site-specific selenium leveIs, the
differences tend to be smaller for female cancers or breast cancer.
For breast cancer, however, the results are based on small numbers,
and less compelling. Two studies supporting the inverse association
(127tL37 ) were of limited size, used serum selenium as a biomarker,
and recruitment and selection of cases and controls was not weII
described. In two ( 135,136) of three ( 128,135r 136) other studies,
long-term biomarkers of selenium were used (toenails, erythrocytes)
and no inverse association was observed. In a nested case-control
study (128) an inverse association was observed with gastrointes-
tinal and prostatic cancers, but not with breast cancer.
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rn conclusion, there is some epidemiorogical evidence for an i_nverse
reration between serenium and cancer. untir recentry, there was no
substantiar evidence on this reration regarding the most common
femare cancer in industriari-zed countries, i.e. breast cancer.
Preriminary results from the Nurses Hearth study, however, do not
support the hypothesis (140).

Tabre 1. Anarytical epidemiological studies on serum serenium and
cancer.

Study

Year Authork

Study characteristics Ratio of serum
selenium in
cases/controls

a
Number of subjects
Con- Cancer sites
trols AII Breast

Cancer sites
AII Female

Duration
(yrs)

1-919

1980
1002

l-984
19 85
1985
1987
7981
7947
1987
198 7
19 8B
1988
1988
1989

113

2lo
728

51
241

70
69

453
290
L76

JO
aoa

60
393

Roblnson
Mc ConneII
WilIett
Salonen
Salonen
Peleg
Fex
Kok
Akesson
Van Noord
Meyer
Chaitchik
Coates
Ringstad
Hunter

5

5-6
4

l2
o

-9
2

1

6

2

;
6

4

80

111
12B

51
130

35
69
30

6
35
76

s32
<27

72 . 01.
.95b

: ;:"

0. B4 0 .84.
o. goo'c

^ ooc
;:;;u
o .98"
0.98:t
o.ss?t

o.so",1
1.O1c'r
o .64b ':

>1.OOc,J

0

0

0
1

0

0
0

6

L
qq-

;;b
tto

61
38
32
27
10

393

156
tn L,

1.00
0.96 th

0

1.0
1.0

a

h

d

f
g
h
i
j
k

duration of forrow-up in nested case-contror study nested in
cohort; '-' indicates case-control study.
p<0.05 for difference between cases and controls.
result for female breast cancer/ other sites excluded.
ICD codes 770-174.
total female cancer.
males only.
29 women in total, 12 with gastrointestinal tumors.
selenium in toenails.
erythrocyte selenium.
39 controls for breast cancer cases.
references L26-L4O consecutively.
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Fibre and micro-organisms
Fibre and carbohydrates have not been studied extensively in
epidemiological studies. The ecological studies reported, however,
showed a positive association of breast cancer with refined
carbohydrates and an inverse association with starch. rn a case-
control study in Israel, the association between fibre and breast
cancer was specificalty evaluated, suggesting an inverse association
( 141) . A similar observation, though the association was not
statistically significant, was reported from Australia (1-42).
Further evidence for a possible association is mainly based on
comparison of urinary and faecal hormone excretion in women with
contrasting dietary habits, in which not only fiber, but also meat
and, possibly, milk consumption differed considerably (See 2.3.1l;.

Micro-organisms have not been studied specifically in relation to
breast cancer. The inverse association between frequency of yogurt
consumption and breast cancer (143) could be a chance finding. When

dairy products are considered as a single food group, both positive
and inverse associations with breast cancer have been reported. Few

studies have reported separate results for cheese, milk and fer-
mented milk products (1441145). However, the lower risk observed in
subjects consuming low-fat milk may be partially attributable to the
presence of micro-organisms in fermented low-fat milk drinks.

In conclusion, the possible inverse relation between fibre and
fermented milk products on the one hand and breast cancer on the
other hand has not received much attention. This may partially be
due to the fact that food composition tables contain data on macro-
nutrient content/ rather than other metabolically interesting
properties of foods as these are not well-defined chemically.
Studies in this area may need to rely on ingestion of foods rather
than of its biologically active components.

antioxidants
Graham et aI. ( 103 ) showed an inverse dose-response relation between
a dietary vitamin A index and breast cancer, but their rather crude
assessment of dietary habits did not allow distinction between
retinol and beta-carotene. Rohan et aI. (142) recently reported
results of a case-control study showing a statistically significant
decrease of breast cancer risk with increasing intake of beta-
carotene. In a nested case-control study, willett found no
differences in serum carotenoid levels among 14 breast cancer cases
and 31 matched controls (146).

Serum or plasma vitamin E levels have been studied in relation to
breast cancer in several prospective epidemiological investigations
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(1301146-148). In onLy one of these studies a significant inverse
association was observed bet\,Jeen plasma vitamin E level and sub-
sequent risk of breast cancer (147). WaId (149) has suggested that
decreased vitamin E l-evels in the years precedj_ng cancer could
resurt from decreased choresteror or lipoprotein levers/ rather than
being a cause of cancer.

So, epidemiological evidence for an association between fat-soluble
antioxidants and breast cancer is sparse, Iong-term biomarkers of
exposure have not been used, and the results may be influenced by
the presence of the disease. Further epidemiological evidence for
the potential beneficial effects of antioxidants is required.

AIcohoI
Arcohor consumption has been related to breast cancer in a number of
studies published in the past five years. A meta-analysis
demonstrated that both prospective and retrospective epidemiorogicar
studies are in line with a positive association (150). fn the case-
control data, the rel-ative risk of'drinking 24 q of alcohol daily as
compared to non-drinkers was 1.4 (95 per cent confidence intervat
1.0 - 1.8). In prospective studies, the relative risk found was 1.7
(1.4 - 2.2). Although this is supportive evidence for a positive
association it does, of course, not prove causality. Alcohol might
be an indicator of life-style, rather than just a high-energy food
component. Furthermore, because of Iack of accu5acy in reported
alcohol intake, the possible aetiological role of drinking alcohol
at young age, and limited knowledge of potential mechanisms, it is
difficult at present to discriminate between the real and spurious
elements of this association.
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Chapter 3

DESIGN, CONDUCT AND ANALYSTS
OF THE CASE-CONTROL STUDY

The case-contror study is a major toor in epidemiorogical research.rt provides an efficient means of studying the aetiorogy of bothrare and common diseases 1e.g. breast cancer), provided that certainrequirements for internal and externar varidity are furfirled (r,2).rn practice, however, there are many pitfarrs which may obscure thedlet-breast cancer association in this type of study.This thesis describes the first case-contror study on dietary habitsand cancer conducted in the Netherrands. This chapter presentsconsiderations on the design of this study, describes the actualconduct of the study, and discusses impli-cations for theinterpretation of the study resurts (and the conduct of futurestudies)' Finarry, the generar strategy fo-rrowed for data anarysisis presented, with specific reference to issues rerevant to thestudy of the association between diet and cancer.
Because the chapters 4-g describe the study resurts in a pubricationformat, parts of those chapters contain erements similar to thoseincluded in chapter 3, albeit in a condensed form.

3.1 Design

1.1 Subjects

Cases
rn our case-contror study on diet and breast cancer, cases aredefined as newly diagnosed women with breast cancer (rcD 1,74). womenwith a history of breast cancer or with ipsilaterar benign breastdisease in the past five years were not erigibre, because they wereconsidered to be prevarent cases. Furthermore, cases should have theDutch nationality and have lived in the Netherlands for at reast tenyears- so, recentry immigrated women who had not adopted Dutcheating habi-ts and who might di-ffer rargery with respect to rife-style and breast cancer r.isk, were excluded.
cases had been recruited with the herp of surgicar units. rn theareas of Utrecht, Arnhem, and Nijmegen, aa""" had also beenrecruited with the herp of regionar cancer registries. surgeons andcancer registries in these areas have contributed considerabry tothe succes of thi_s study (Figure 1).

3

Controls
Population
enrolled

controls are defined as those women who would have beenin the study if they had developed breast cancer ( 3 ) . In
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practice, this means that controls were chosen through age-
stratified sampling among inhabitants of the study areas (Figure 1)/
and that the same eligibility criteria were applied to controls as

cases. For efficiency reasons/ the age distribution of controls was

similar to the expected age distribution of cases. The controls were

sampled from municipal population registries in the study areas.

€ a

%Major source of subiects

E---Effiil Minor source ot subiects
trdiiiiiil

Figure 1. Location of study areas in the Netherlands'

Age range
The primary aim of the study was to investigate the potential role
of dietary fat and selenium in breast cancer aetiology- Because the
role of body composition might be different for pre- and

postmenopausal women, eligibility was restricted to women aged 25-44

and 55-64 years/ each group of approximately equal size' The

perimenopausal age group was excluded from the study for cost-
efficiency reasons. Inclusion of these women, who gradually enter
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menopause/ might have reduced the strength of effect modification bymenopausar status because of mi-scrassification of ,menopausar
status'' Because of the modest number of women that eventuarryentered the study, however, it was difficult to study thishypothesis with sufficient statistical po\^/er.

Study areas and sample size
The intended study areas from which cases and contrors wererecruited are shown in Figure 1. Based on population size (dataprovided by the Central Bureau of statistics, casl and breast cancerincidence figures (4,5), a total of 530 breast cancer cases wasexpected annually in these areas.

45

The sampre size required to detect. an association consideredrerevant (with given type r and rr errors) may be assessed beforethe conduct of the study- rn retrospect, based on the actua-r numberof cases 1 n=133 ) and controls ( n=289 ) in the study, it isappropriate to consider the strength of the associations that can bedetected with given type I error (5%, one_sided) and type II error( 10%/ i.e. statistical power of 90%). This has been calculatedconsidering a dichotomous as weII as a conti-nuous exposure.Assuming a dichotomous exposure, the study power i." 
"o*prrted forseverar varues of the odds ratio (after 1n transformation) and thecorresponding standard error for the above varues of type r and rrerrors- when the distri-bution of contrors is split round the median,an odds ratio of 1.9 can be detected with 90% power. Similarly, fora comparison of extremes of the exposure distribution of contrors(each extreme with 60 contrors), the corresponding odds ratio isabout 3.0.

For continuous normarry distributed exposures, there is a directreration between the odds ratio and the mean case-contror- differencedivided by the pooted standard deviation of .he exposure in casesand contrors (16)' For such exposures, there is a rinear dose-response relation between exposure and the odds in favour of disease(after In transformation). Given that the coefficient of variationfor dietary i-ntake data usuarry ranges from 20 to 30%/ a meanexposure difference between cases (n=133) and contrors (n=2Bg) ofabout 6 to 9% can be detected with g0% power (type r error, one-sided 5%)- This corresponds to an odds ratio or r.a io. u., exposurecontrast of one standard deviation (of the exposure variabre).of course, the above figures must be considered approximations,because they do not take into account the necessity of controrlingfor confounding factors- Furthermore, they depend on assumptionsboth with respect to statisticar characteristics, as wer-r as theexposure variables. In general, however, they indicate that strongassociations (odds ratio > 5.0) wirl not be missed by this study,
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thatmoderateassociations(oddsratio2.o-5.0)arelikelytobe
detected, and that weak associations (odds ratio 1.4 - 2.0) may

still be detected when the dose-response re]ation is (Iog;Iinear and

exposures are normally distributed.

3 .1 .2 Methods

In order to assess exposure to the relevant dietary factors and

potential confounders, data collection included an interview on food

habits and confounders, a blood sample and toenail clippings (to
assess selenium status ) . The choice of dietary methods and

biomarkers of selenium aimed at reducing the potential for
information bias in the study results, requiring standardized
methods for assessment of prediagnostic exposures, minimally
influenced by disease status. In addition, assessment of exposure

aimed at control of within subject variability by using long-term
indicators of exposure, thereby reducing the attenuation of measures

of association and, consequently, false-negative study results'

Data collection
Blood of cases was collected prior to surgery in the hospital, so

that influences of treatment modalities were excluded' Since breast
tumours are generally detected when they are relatively small' it
was considered unlikeiy that their presence would have seriously
altered selenium metabolism and the measured status parameter. After
discharge from the hospital, cases were interviewed on food habits
and potential confounders. To minimize recall bias by physical or
mental stress or by possibly altered post-diagnostic food habits,
the interview was conducted at home, when cases were feeling
relatively wetl (i.e. not during chemotherapy), three to six months

after discharge from the hospital, and referred to food habits in
theyearprecedingdiagnosis.Attheendoftheinterview,weight,
height and skinfolds were measured, followed by a request for
toenail collection (to be returned by mail). The interview took
about one and a half to two hours.
Controls were interviewed on food habits in the year preceding the
interview, followed by the assessment of potential confounders and

indicators of body composition. Toenails were requested as well. The

blood sample was drawn one to four months after the interview'

Dietary interview
Dietary habits were assessed by a structured dietary history
interview, conducted by well-trained registered dieticians, each of
whom interviewed both cases and controls. After an introduction, the
interview was directed at dietary habits, assessed from a totaL of
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236 items. These items were serected on the basis of the studyhypotheses ( at the nutrient lever ) , nutrient content of the foodsand expected heterogeneity of the population ( 7 ) . For each item,frequency, amount (number of standard portions), seasonar variation
( important for vegetabres ) and differences between weekdays and theweekend were coded.
To faciritate the recarf of dietary habits, a hierarchicar structureof .he items was applied (g,9). First, the meal pattern was askedabout, then the major constituent food groups, and finatly specificitems or foods - Extra items courd be added to maintain frexibirityof the questionnaire and to take individuar pecuriarities intoaccount. This structure alrows the dietician to check theconsistency of reported consumption frequencies, and to trace andadjust inconsistent. answers, i-f necessary. fn order to quantify theamounts of foods consumed, standard portions were assumed for manyitems. These data were suppremented with data on serving size,obtained by measurement of re-revant househord utensils (spoons/ cupsand qlasses) at the end of the vj_sit.
The dietary interview started with the dinner, thereby divergingfrom the 'traditionar' dietary history, which usuarly assesses foodhabits in their daily order (e.g., breakfast, Iunch, dinner,evening) (10,111. This was done because results of a pi-rot studyshowed that the usuar order of mears reaves the most difficuft partli'e' the dinner (incruding food preparation)/ to the end of theinterview, when subjects tended to roose interest or to get tired.This was considered far from opti-mar, since the dinner generarrycontributes targery to the intake of many nutrients, incrudingdietary fat and se-lenium (i-,2,73). Moreover, questions on breakfastand runch cour-d often be integrated and were generarry consideredeasier to answer/ partiarry because the estimation of portlon sizestended to be ress compricated- After these mears, a number of snackswere asked about, folrowed by drinks lincluding arcohor). Drinkinghabits at young age (25 yr) were added to the questionnai-re at aIater stage.

Biomarkers of selenium
Exposure to selenium can be determined in various ways (14-16): inblood plasma, erythrocytes and toenails, or by determining theactivity of the serenium dependent enzyme glutathione peroxidase.

Plasma or serum have been used most. frequentry to determine exposureto serenium, especialry in prospective studies ( see chapter 2 ) . Thisbiomarker refrects both recentry absorbed dietary serenium andserenium incorporated in prasma proteins and amino ..ia". Therefore,day-to-day variabiri-ty in serenium intake may unfavourably affectwithin-subject variabirity in prasma selenium ( 17, 18 ) . To alrow
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comparison with previous case-control studies/ however, this
biomarker was incorporated in the study. Moreover/ it may help to
determine whether different biomarkers of selenium, possibly
reflecting its different chemical forms (19) Iead to a similar
association with breast cancer-

selenium in erythrocytes and toenail clippings is considered to
reflect the selenium status over a longer period of time, with less
disturbances due to short-term variability in selenium intake
(l'1,78,20). Erythrocytes have been formed during a period of several
months prior to blood collection. Similarly, selenium incorporation
in toenails integrates available plasma selenium over an extended
period of time. Even nails of the big toe, collected up to several
months after surgery, wiII reflect selenium incorporation prior to
clinical diagnosis (18;. Although erythrocytes and toenails may

reflect chemically distinct forms of selenium (18/19)/ the absence

of an inverse relation with breast cancer in both of them weakens

the study hyPothesis.

The activity of glutathione peroxidase can be determined in plasma

as weII as erythrocytes (21). Because this enzyme may be an

indicator of the availability of selenium to a specific biochemical
function, incorporation of this functional biomarker was explored.
owingtodifficuLtieswithrespecttostabiLityoftheenzymeduring
transport (from the hospital to the TNO Institute), and with respect
toqualityControlofbiochemicaldeterminationoftheenzyme
activity, however, this biomarker was not included in the study.

nisk factors and confounders
To allow for potential confounders of the association between diet
and breast cancer/ risk factors of breast cancer as weII as

indicators of life-style were assessed during the interview'
The interview began with general life-style factors related to
eating habits, such as occupation, visits and parties, number of
people usually at home during the meals, use of food from a

vegetablegarden,mealpattern/dieting(includingduration)'and
specific food habits (vegetarianism). These introductory questions
were followed by the structured dietary history interview described
above.Subsequently,useofvitaminsupplementsandstabilityof
food habits were assessed-
The interview part on life-style factors began with smoking habits
(Currentandpast).Tofacilitaterecall,thequestionnairewas
Iargely structured in the chronological order of events during
Iifetime, starting with general information on place of birth and

marital status/ followed by family structure (brothers, sisters).
For the women aged 55-64, nutritional factors during the period
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1930-1945 were given speciar attention. Then, hormonal and reproduc-
tive events were assessed, including use of oral contraceptives and
presence of breast diseases in the past. This was forrowed by
quest.ions on familiar history of breast cancer (grandmother, mother,
aunts, sisters). part of Lhe questionnaire was directed at physical
activity, but reliable answers were found hard to obtain.
The questionnaire concluded with the assessment of educational lever
and questions on current weight, and recent and past weight changes.
This was forrowed by anthropometry (height, weight, skinfolds, waist
and hip circumference).
Finarry, the content of househord utensils was measured (in the
kitchen) and instructions were given for toenail cripping and
sending of the collected material (by mail).

3 .2 Conduct

Arthough the case-contror study is a major toor in epidemiorogicar
research, this design had not been emproyed before for the study of
diet and cancer in the Netherrands. when the study started (1984),
comprehensive cancer centres were just beginning to implement their
cancer Registries (221. There!'ore/ they merely provlded the
infrastructure to introduce the study into the medical circl-es and
gave varuabre advice. Their usefulness for case recruitment was
limited because the study design incruded correction of pre-
operative brood, requiring close colraboration with medical
speciarists. Therefore, the conduct of the study started with the
development of procedures for case recruitment, arong with the
imprementation of these procedures in cooperating hospitals. Most
feasibility problems were encountered in the recruitment of cases/
whereas procedures for control recruitment were smoothry deveroped
and implemented.

3 .2 .7 Cases

Development of procedures
The corlection of pre-operative brood required that procedures for
case recruitment were developed in crose cooperation with
participating surgeons. Furthermore/ the procedures proposed were
discussed with representatives of the LCBB (Landerijk contactorgaan
Begeleidingsgroepen Borstkankerpatibinten)/ a national board for the
guidance of women with breast cancer. The major issues to be agreed
upon were rerated to correction of brood for non-curative purposes,
provisj-on of patient names and addresses to a non-medical institu-
tion (TNo-crvo) and freedom of choice with regard to participation.

49



Design, conduct and analysis

To cope with these delicaLe questions, an independent health
administrator coordinated the study in each of the three study
areas, invited the cases on behalf of the TNO-CIVO Institutes, and
provided names and addresses only of those women who were willing to
participate.

Procedures for case recruitment are Summarized in TabLe 1. When an

eligible case entered the surgical unit of a participating hospital,
a blood sampLe was drawn before surgery (in hospital routine; by
means of materials supplied by TNO-CIVO. Blood samples were given
unique codes (without namesl, and immediately sent to TNO-CIVO.

During their hospital-stay or after hospital-discharge
(exceptionally) cases were informed about the study by their
surgeon. If permitted by the patient, the heatth administrator was

notified and supplied more detailed informat-ion on the aim and
procedures of the study by maiL. when the case subsequently decided
to participate, the health administrator provided her name and
address to the cIVo-TNo dieticians who made an appointment for the
interview at home. In the utrecht, Arnhem and Nijmegen areas, cases
missed by the surgeons were also traced through regular contacts
with regional cancer Registries. Although the pre-operative blood
sample was lacking for these cases, they provided interview data and
toenail clippings.

Table 1. Procedures of case recruitment

1. patient enrolled in the surgical unit of a cooperating hospital.
2. Pre-operative bLood sample, sent to the TNo-CfVo Institutes.
3. a. Heal-th administrator notified of (confirmation of) diagnosis.

b. Cases missed by surgeons, traced in Cancer Registry.
4. Cases invited by health administrator; names and addresses of

volunteers supplied to TNO-CIVO Institutes.
5. House visit scheduled and conducted by TNO-CIVO dietician.

Participation of hosPitals
In order to obtain cooperation of the 35 surgical units in the study
areas/ surgeons were informed on the study proposal in 7984 and

early in 1985. This briefing usuaLly included an oral- presentation
of the study hypotheses and design, presented at a meeting organized
by the comprehensive cancer centre. lnterested and motivated
surgeons helped to implement and, if necessary, adapt the
procedures.
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The study areas comprised 35 surgicar units, each of which was
staffed with one to four surgeons. A total of 23 of these 35
surgical units were wirring to participate in the study. Data
obtained from the Nationar Hearth care rnformation center (srG)
indicated that these covered 6i% of hospital admissions in the study
areas. Two of these hospitars, geographicarry isorated from the
other participating hospita.rs, were excruded. Four other hospitars
were wirring to participate, but did not actuarty contribute to case
recruitment. Thus, cases were actuarry recruited from ll surgical
units. Hospitar statistics and srG-data reveared that 55% of
hospita-1- admissions for breast cancer in the study areas courd be
covered by these hospitars. Most of the 23 hospitars ready toparticipate, however/ were rocated in the centrar part of the study
areas, with a coverage of 83% of arr first hospitar admissions for
breast cancer.

Concluding remarks
rn this case-contror study, case recruitment was a major concern,predominantry because of limited cooperation among surgicar units,
and because of fairure to colrect blood from cases by participating
surgeons.
Non-cooperation among surgicar units was related to privacy issues,
feasibirity of study procedures, and constraints of time andpersonnel. rt seems unlikery that these factors are rerated todietary factors in the study popuration residing in the hospitars'
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Case recruitment
According to hospitar statistics (src), 294 cases were expected
annuarry in the 21 participating hospitals in the centrar part of
the study area. A totar of 16g eligible breast cancer cases wereactuarly recruited during the lg-month study period. Taking into
account that:
- onry 17 hospitals did actuarly contribute to case recruitment,
- src data on first hospitar admissions for breast cancer may

actually overestimate the real number of cases,
- some breast cancer patients initiarry did not enter the surgical

unit of the hospital,
- severar cases mentioned in hospitar statistics may be not erigibre

(e.9. they Iived outside the study area)/
- not arr eligibl-e cases permitted that their name and address were

supplied to the health administrator,
it may be inferred that 40-50% of erigible cases were actuarry
enrorled in the study by the participating surgicar units. rn the
areas of utrecht and of Nijmegen, i.e. the areas where breast cancer
screening projects were conducted, coverage of case recruitment was
considerably above average.
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catchment areas. Moreover, sIG data indicated that the coverage of
case recruitment was independent of age and degrree of urbanization
of residence of the cases, and the cases' area of residence was

taken into account in data analysis to account for potential
imbalance in recruitment of cases and controls.
In participating hospitals a substantial number of cases were missed
by the surgeons/ many of which were traced afterwards by two of the
regional cancer registries. section 3.2.4 addresses the question
whether this is related to case characteristics relevant to the
study.

3.2.2 ControTs

To select control subjects, an age-stratified sample was drawn from
the female population residing in the study areas. First, the number

of women residing in the 189 municipalities in the study areas was

obtained classified in 5-year age categories (data provided by CBS).

Breast cancer incidence figures (415) were used to calculate the
expected annual number of breast cancer cases for each five-year age

category. subsequently/ the number of controls to be sampled from
each age category was determined- For each age category/ a random

sample was drawn from the municipalities in the study area. This
resulted in a listing of the number of women to be sampled from each
municipality by age.

once the number of women to be sampled from each municipality was

determined, cooperation was sought from the municipal registries.
AII 189 municipal registries agreed to cooperate. Each month 10 to
15 municipalities were asked to supply names and addresses of the
required number of controls. For each municipality, the number of
names was doubled to compensate for non-response. when it became

clear that no cooperation of surgical units could be obtained in a

part of the study area, sampling of controls from those areas was

stopped. Eventually, a total of 548 women were sampled from the
municipal registries.

3.2.3 Response

cases and controls were formally invited by letter, explaining the
general scope and design of the study. They were allowed to respond
by indicating their choice and motivation on a form to be returned
in a stamped addressed envelope, or by asking more detailed
information by telePhone.
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A total of 168 eligibre cases were identified during the studyperiod, 734 of whom (80%) were wilring to be interviewed at home. Asexpected, it appeared that response was higher among cases with ressadvanced disease at diagnosis. Some cases, who were willing, butunabre, to participate compreted a short questionnaire on foodhabits and risk factors of breast cancer (see berow). Moreover/ 10
cases were wirring to suppry a b100d sampre for the study, but werenot wirling/able to be interviewed at home. Thus, data courd beobtained from a totar of 146 of 168 (87%) of the cases/ indicating
their high readiness to cooperate.

rf the contrors asked for additional information, when themotivation for a negative repry indicated that the purpose of thestudy was not understood, or if no answer was obtained within 2weeks, the women \^/ere called (up to three times if there was noreply) or visited at home (once/ controls onry). of the 54g controlsinvited, eight women appeared to be not eli-gibre and 11 could not bereached. of the remaining 52g women, 223 (42%1 immediatery agreed tocooperate, and 66 (12%) agreed upon a tetephone call. Tocharacterize the non-responders, the contrors who refused to beinterviewed at home 1n=24o; 45e") were asked to comptete a shortmailed questionnaire, upon which g9 (11z) of them agreed. Thisquestionnaire was arso compreted by the cooperating controls, beforethey were interviewed at home. section 3.2.4 presents a comparisonof data obtained from the 299 intensivery interviewed women withdata from these 89 partiar responders/ together representi.,g 'rte. ofthe initial sample of 529 women.

The response rates among cases and controls, according to a9€, isshown in Figure 2. The response among contrors (55%) was rower than
among cases, especialry in the order age group. when the women who
compreted the short questionnaire are incruded in the response rate,the differences in response rate decrease, but the generaf pattern
remains simirar. The response rate was independent of degree ofurbanization, both in cases and in controls.

3.2.4 Implications

As a result of the requirement of correction of brood beforesurgery/ and the absence of fully impremented cancer Registries inthe whore study area, the recruitment of cases was confronted withmany logistic problems- once these were overcome, the response of
cases was quite satisfying. For contrors, the reverse situation wasencountered. The sampting procedures were simpre, efficient andsuccessful, but the response rate was moderate. Thus, it may be that
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Figure 2. Response of cases and controls,
according to age (Yr).

the efforts made in collecting detailed exposure data have been

counterproductive with regard to cooperation of surgeons with
respect to case recruitment, and of controls with respect to
response.
The following sections present some data addressing the potential
implications for the interpretation of study results and discuss
some issues to be considered in future case-control studies'

Selection of cases by surgeons
cases were identified by the surgeons at diagnosis, or by the local
cancer Registries afterwards. ff there would be an obviously diet-
related selection of cases by any of these sources, the characteris-
tics of both groups would differ according to the mode of
recruitment.
The most obvious characteristic that may have encouraged the
surgeons to enroll a patient could be overweight. The body mass

index, however, was very similar for both groups (Table 2\. Thus,
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Tabfe 2. Body size indices and dietary pattern of breast cancer
cases by mode of recruitment via surgeons or cancer regristries.

Dietary factor
(mean i SD)

Mode of case-recruitment
Surgeons

( 84 cases )

Cancer Registry
( 49 cases )

Body size indices
Height (cm)
weight (kq)
Body mass index

Energy ( kcal )

Protein (%) I

Fat (%)
Carbohydrates ( % )

(kq/m')

164 !
68.0 t
25.4 t

765!l
70.0 t 10.8
25.1 ! 4.1

o

6

6

11
4

s33
') ')

7.O
6.2

51 5

2.O
6.4
6.8

2088 t
14.6 !
4l.t !
43.8 t

2207 !
13.9 r
41.5 t
44.6 !

contribution to total energy intake excluding alcohol.

there is no evidence in these data/ that obese women have been
selected by the surgicar units. rn addition, Table 2 shows the
intake of energy and several nutrients, without substantial
differences between the groups. Resurts were arso simirar when both
age groups were considered separatery. Furthermore/ it is difficurt
to imagine by what mechanism serection of cases according to
nut.rient intake might occur, especiarry for a relativery unknown
component like sel-enium. Thus, these main diet*rerated characteris-
tics are independent of mode of recruitment, which does not support
serious bias in exposure distribution.

SeLecLion of controls
Before the interview at home, contrors were asked to comprete a
short maired questionnaire, which was also compJ-eted by g9 of the
contrors who were not interviewed at home. fn TabLe 3, risk factors
for breast cancer and dietary factors incruded in the questionnaire
are presented for both groups, showing onry minor differences. The
variables on type of food items used with bread/ fat content of milk
products, and type of bread were included to assess possibre
differences between furr responders and partial responders with
regard to intake of fat and fibre. The cafculated differences in
nutrient intake from these products do not suggest that there are
rerevant differences in these dietary factors. Therefore, the
observed varues of risk factors and dietary habits among the
interviewed controls are considered to be essentiarry simirar to
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values that would have been obtained if partial responders and non-
responders had been included in the intensively interviewed control
group.

Suggestions for improvement in conduct
This case-control study aimed at data collection by an extensive
interview and biomarkers of exposure. Maior problems in the conduct
of the study were related to case recruitment, collection of pre-
operative blood, and response of controls. Some general suggestions
for improving the conduct of future case-control studies on diet and
cancer are given below.

First, when a population-based case-control study is considered
(without biomarkers;, the following issues need attention with
respect to data collection:
- Cancer Registries may now play an important role in case

recruitment, by providing the infrastructure, and data on
diagnosis and number of cases.

- Exposure data from cases should be collected as soon as possible
after diagnosis, e.g. by means of a short questionnaire provided
by cooperating hospitals which can be returned by mail. More
extended data can be obtained at a later stage, during an
interview in the hospital or at home.

- Each contact with controls should aim at collecting data to
explain non-response, for example by adding a short questionnaire
to the invitation Ietter/ by telephone interview, or both.

Second, when biomarkers or (tumour) tissue are included in data
collection, close cooperation with medical specialists, hospital and
pathoLogical laboratories is necessary. Studies of that type are
usually confined to a relatively smaII geographical area. In
addition to the above, the following issues are of importance in the
conduct of such studies:
- CoLlection of biological material has the best chance of being

successful in Iaboratory routine in large hospitals.
- Complete case recruitment is generally not possibJ-e. Therefore,

data from eligible though not included cases may be required
( Cancer Registries ) .

- The source population of the cases is difficult to define.
Therefore, (matched) hospital controls should be considered.
Furthermore, cooperation with hospitals may facilitate sampling of
controls via the same general practitioner who also referred the
case. This will probably also increase response.
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Tabre 3. comparison of risk factors of breast cancer and food habits
in responding and non-responding controls.

Vari-abIe

Complete
response
( n=289 )

Partial
response
( n=89 )

Risk factors (mean + SD)
Body weight (kS)
Body height (cm)
Body mass index (kg/mr\
Age 1st full-term pregnancy
Parity

(vr)'

Food habits (mean + SD)
Slices of bread per day
Eggs per week
Fish meals per month
Subjects using (%):
- Iow-fat food items2
- low-fat milk
- wholemeal bread
Relevance for nutrient intakes:
- fat (g) from 50 g food items2
- fat (g) from 200 g milk
- fibre (g) from 100 g bread

67.0 r 11
166.3 r 5

24.2 ! 3

25.8 t 4

2.4 ! 1

67.0 !
166.5 r
24.2 x
,( 1 +

,(+

?o+
a?+

1.9 t

1

6
o

1

B

1.5
1.4
1.6

,o

3.4
2.O

13.9 t
2.5 !
6.3 r

10.3
6.6
?tr

3.9
7.7

1.2
1tr

7.4

3.1
20

7.9

4.O !
2.4 !
10+

13.8 t
3.6 r
5.8 r

30
62
42

JJ

49
ao

1 Mothers only.
2 Used with bread.
3 calculated from data from furr responders and partiar responders

and the nutrient content of foods.

3.3 Analysis

Before discussing the generar st.rategy for data anarysis and issues
of particurar importance for the diet-cancer association, some
generar issues concerning the interpretation and anarysis of case-
control studies are discussed.
The basic idea of the case-contror design is that a factor with high
(or low) prevarence (p) among cases/ as compared to contrors, might
have contributed to the clinicar occurrence of the disease. The
resulting higher exposure odds 1p/r-p) among cases, divided by the
exposure odds among contrors, yields the exposure odds ratio (23).
This measure of association has several favourabre characteristics,
both from the epidemiologi-car and the statisticat point of view
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(23,24\. Using Bayes' formula, it can be shown that the exposure
odds ratio ( in cases as compared to controls ) equals the disease
odds ratio (in exposed as compared to non-exposed subjects\ (I,25),.
This identity provides a link to the rate ratio of disease among

exposed subjects as compared to non-exposed subjects, as can be
estimated from a prospective cohort study (1,3).
These conceptual developments have evolved along with biostatistics.
Methods of data analysis range from simple comparison of proportions
(1,24), trend in proportions (2), adjustment for confounders by the
Mantel-Haenszel estimator (26\, Iog-linear (24) and Iogistic
modelling (1). The logistic model essentially explains the disease
odds by a linear function which includes the exposure of interest
and potentially confounding covariables as explanatory variables.
In practice, the method of data analysis depends on type and quality
of the data collected/ the object of the analysis, the assumptions
to be made and study size. In the data analysis of this study,
logistic regression analysis has been used extensively. This type of
model is generaLly considered to be well suited for aetiological
cancer research (7t21\.

3 .3 .1 Strategy

First, descriptive data on the exposure of interest were provided,
using means and standard deviations. This was done separately for
exposure among cases and among controls, in both the younger (25-44
yr) and the older (55-64 yr) group. Exposure differences between
cases and controls from these groups were generally similar, and
age-adjusted differences were calculated by multipLe regression
analysis. Although this approach does not address the shape of the
relation between exposure and disease, it yields a reasonable
overall test for association.

Second, stratified analyses were conducted. In these analyses, odds
ratios of breast cancer were calculated for categories of exposure
of similar size (quartiles or quintiles, based on data from
controls), or for 'logical' categories (e.9./ glasses of alcohol or
milk). Subsequently, these analyses were repeated for strata of age
and potential confounders, including tests for statistical
interaction.

FinalIy, Iogistic regression analysis was used to obtain estimates
of multivariate adjusted odds ratios and their corresponding
confidence limits. Since the odds ratios for the successive exposure
categories are not independent of each other and based on small
numbers, they tend to have wide confidence intervals. Therefore, a
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test for trend and/or an anarysis using the originar continuous
exposure variable was generally conducted as wel1.

3.3.2 Confoundinq

The contror of confounding is one of the typicar concerns i-n
observational research. confounding occurs when the observed
relation between exposure and disease is infruenced (i.e. biased) by
one or more risk factors of disease associated with the exposure.
conditions under which confounding may occur, and methods to adjust
for the resulting bias, are given in many epidemiorogicar textbooks
(1--3t23t28,29\. Conceptually/ confounding originates from the
absence of randomization of study subjects over categories of
exposure ( 3 ), which is a fundamentar difference with experimentar
research.
The simultaneous presence of energy as werr as nutrients in the
foods ingested often reads to high associations between diet.ary
vari-ables. Therefore/ when several dietary factors are potentiarry
related to disease, it may be difficurt to estimate their
independent associations, or to identify the trury responsible
factor. fn contrast to this, other risk factors of breast cancer are
less likely to be strongly associated with dietary habits, thereby a
priori reducing the belief in their potenti ar impact on the
associations of interest.

Confounding by energy intake
rn observationar research, energy requirements and energy intake
cannot be controlred in the design. since energy intake may be
rerated to breast cancer/ this has severar important imprications
for the anarysis of the diet-breast cancer association. These rerate
to the barance bet\,'/een energy intake and requirements/ as werf as to
the generarly positive association of energy intake with the intake
of other nutrients. rn the paragraphs berow, these topics are
discussed and the relevance to our study is indicated. Furthermore/
the conceptual issues of anaryticar methods for energy adjustment
are discussed.

First/ a smarr but persistent positive net energy barance wirl read
to overweight, which may be related to breast cancer. under this
hypothesis, a slightly higher energy intake of cases might be
expected (ar} other things being equar), but smarl differences i_n
energy intake are not rikery to be detected by dietary methods
referring to a recent and restricted period of time. rn order to
account for a rong-term imbarance in energy intake and expenditure,
adjustments for indicators of body composition can be made in data
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analysis. In most of our analyses body mass index was taken into
account but it appeared not to be essential to the results, since
indicators of overweight were only weakly associated with breast
cancer (Table 4).
Second, variation in energy intake between subjects depends on
energy requirements as determined by body size (metabolic rate)/
physical activity/ metabolic efficiency (e.9., nutrient absorption;,
and energy balance. In observational research, when subjects are, on
average/ in energy balance, variations in physical activity are
Iargely responsible for variation in energy intake (30). Therefore,
energy requirement and intake must be considered fixed (unLess
subjects are to alter substantially their physical activity or
weight), and the primary interest is not in energy intake itself,
but rather in variation in nutrient intake at a given level of
energy intake. Therefore, energy-adjusted nutrient intake j-s

considered more informative for making decisions about changes in
the composition of the diet (31). Thus, in the analysis of our data,
we adjusted either for energy intake or for fat intake (which was
highly associated with energy intake). The latter may even be the
method of preference in the light of the fat-breast cancer
hypothesis.

In the procedures for energy adjustment, the conceptual issues and
analytical methods, though related, need to be distinguished.
Conceptually, when the interest is in dietary fat at a given intake
of energy/ variability in fat intake should be interpreted in terms
of equicaloric substitution of fat by other energy sources (e.9.,
carbohydrates). Therefore, the fat-disease association should be
interpreted in terms of fat as compared to other energy sources - Por
other dietary exposures, e.g./ selenium or vitamins, the interpreta-
tion of energy-adjusted associations is more straightforward, since
these exposures themselves do not contribute to energy intake. For
instance, such factors could easily be added to the diet without
necessarily interfering with energy intake.
In data analysis, energy intake can be taken into account by
multiple regression, or by expressing nutrient intake relative to
energy intake (density method). Although the density method is
widely used in experimental nutrition research lwhere energy intake
is usually well controlled), it is not necessarily the method of
preference in epidemiological research. This method may lead to
spurious associations, especially for nutrients (or other
substances) that are only weakly associated with energy intake. For
instance, suppose that high energy intake is positively related to
disease and that fibre intake is not. Then, when fibre density is
used in the analysis, a spurious inverse relation may appear between
this newly defined exposure and disease (32). Moreover, nutrient
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densities may be still associated with total energy
results in insufficient control for confounding.

intake, which

rn conclusion the above irrustrates that the difficulties in
int.erpreting the rore of energy i-ntake arise partialry from its rore
as potentiar confounder, and partiarry from the concept of dietary
composition (rather than totar amount). Adjustment for energy intake
by murtipre regression anarysis tak'es both issues into account/
while the density method merely addresses the last issue.

Confounding by risk factors of breast cancer
Familiar, reproductive and hormonar .risk factors of breast cancer
were considered as potentlar confounders. First, their association
with breast cancer was studied by cross-taburation, followed by age-
stratified anarysis and estimation of odds ratios and standard
errors by logistic regression analysis.
second, the dietary variabres were screened for association with
breast cancer risk factors by anarysis of variance, taking into
account age as a covariate. No strong associations were found.
Finarry, the risk factors of breast cancer were added to the
rogistic regression moder, already containing terms for the exposure
of interest, age, (and energy, if applicable). In general, their
separate addition did not substanti-arry'affect the odds ratios, but
in some instances their simurtaneous presence in the moder reveared
higher or lower odds ratios. The moderate effect of these
confounders can be explained by their weak association both with
breast cancer and with the dietary variables.

3.3.3 zffect nodification

Effect modification is an important erement in aetiorogicar
research/ either observationar or.experimentar. Effect modification
occurs when the measure of association (e.g. odds ratio, or rate
difference) is not uniform'in various sLrata of some other factor
(effect modifier). rn data analysis, effect modification (sometimes
carled biorogicar interaction) is evaruated in terms of statisticar
interaction. rn these statisti-cal models, absence of interaction
(the null hypothesis) depends on the type of modet used, i.e.
additive or multipricative. Based on the sufficient cause/component
cause moder, Rothman (28) strongry favours additive moders, whether
or not biologicar interaction is considered. rn cancer epidemiology,
however, murtipricative moders are widely used, both for empiricar
and logicar reasons. 'ror instance, these moders provide an adequate
description of both the temporal and geographicar variat.ion in age-
specific cancer incidence, as werl as the effects of cancer risk as
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a function of time elapsed since exposure (e.s. to radiation) or
duration of exposure (e.g. to smoking) (1). Moreover/ in multiplica-
tive models/ strong associations are unlikely to be explained by
confounders, and provide information on the specificity of the
association with a particular disease entity (1)/ i.e. a particular
sufficient cause (28). Finally, the multiplicative model relates
directly to the biological ideas underlying the multistage model of
carcinogenesis (see chapter 2). Thus, as Rothman (28) provides a

conceptual framework for considering the nature of causality leading
to additive modefs of disease occurrence, Breslow and Day (1t21\
provide data supporting the usefulness of multiplicative modeLs when

studying cancer aetiology. Despite these dj-fferences in modelling
( and the underlying philosophy ) , both agree that the absolute
magnitude of incidence rates are of importance in assessing public
health consequences, and that biological mechanisms should be

considered when studying effect modification.
In the following, effect modification by dietary factors is
approached from a biological point of view and subsequently related
to the analyses conducted. Furthermore, the problems related to the
Iimited study size and, probably equally important/ Iack of specifi-c
hypotheses on effect modification of dietary factors by other risk
factors, are illustrated in the final part of this chapter'

Effect modification involving dietary factors
The concept of effect modification can be approached both from the
side of the disease process/ and from the side of dietary habits.

Because of the reference period of the dietary interview in the
present case-control Study, the observed associations between diet
and breast cancer are most Iikely to reflect biological mechanisms

relevant to the Iater stages of carcinogenesis (promotion). In the
context of the multistage model of carcinogenesis, additivity of the
effects of two risk factors may be more likely to occur if they
independently affect the same stage of the process, and multi-
plicativity may be more likely if two distinct stages are affected
(27\. It cannot be known a priori, however, whether two distinct
dietary factors affect the same or different stages of the disease,
or even the growth of already completely transformed stem cells.
without an a priori hypothesis, however, consideration of all
possible combinations of dietary factors is likely to result in
uninterpretable results and chance findings. Therefore, in data
analysis, interaction assessment was limited to dietary factors that
are Iikely to be involved in a sirnilar biological mechanism. This is
especially relevant to the summary analysis presented in chapter 9.
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The assessment of effect modification can arso be approached from
the side of dietary habits. conceptuarly, physiorogicar effects of
nutrients may depend on their simultaneous presence in foods or in
the gastrointestinar tract, affecting nutrlent avairabirity and
bacterial metaborism. Therefore/ the biorogical- consequences of the
consumption of foods and meals may differ from the effects expected
when the nutrients are ingested separatery. Furthermore, it is not
necessarily the average daily intake (i.e., frequency times dose;
that is biologicarry important: frequency and amount of food may
have different physiorogicar effects. Thus, although calculation of
nutrient intake (if avairabre in the food composition tabres) is
important for the evaluation of specific hypotheses (e.q. energy,
fat), it may fail to ericit important erements of the diet-cancer
association, and it is not automaticarry the method of preference
for further research in this area. These considerations provide the
conceptuar background of the anaryses with respect to fermented milk
products (Chapter 6), vegetable products (Chapter 7) and alcohol
consumption (Chapter 8).

Effect modification involving risk factors of breast cancer
when the study was designed, a comparison of odds ratios of breast
cancer was intended for pre- and postmenopausar women, in particular
for measures of body composition. Because of the probrems
encountered in the recruitment of study subjects, however, separate
anarysis of the pre- and postmenopausar age stratum would be
hampered by rack of statisticar power. Furthermore, comparison of
various measures of body composition in the younlJer (25-44 yr) and
older (55-64 yr) age group did not suggest any important difference
between both age categories (Table 4). Therefore this association
has not been analysed in detail.

rn addition to body composition, age (or menopausal status) may be a
modifier of the diet-breast cancer association. This possibirity has
been evaluated for the fat hypothesis (Tabre 5). Arthough point
estimates of the odds ratio differ between both age categories, it
appears that this can easily be due to sampring variability. Again,
this irlustrates the limited study power with respect to effect
modification.

In theory/ the association between diet and breast cancer may hord
only for women who also have certain other characteristics, for
exampre with respect to famirial history, benign breast disease, or
reproductive factors. Because of the rimited study size and because
many combinations of variabres can be imagined, a priori serection
of meaningfur candidate effect modifiers is indicated. For instance,
potentiar modification of the fat-breast cancer association by other
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Table 4. Measures of body size and body composi-tion of breast cancer
cases and population controls, according to age category (group
means ) .

women aged 25-44 yr women aged 55-64 yr

Body sj-ze indicators Cases
n=54

Controls
n=150

Cases
n=1 9

Controls
n:13 9

Measured characteristics
weiqht (kg)
Height (cm)
Body mass index (kg/m')
Biceps skinfold (mm)

Triceps skinfold (mm)

waist circumference (cm)
Hip circumference (cm)
Waist-hip ratio (*100)

Self -reported characteristics
Prediagnostic or
current weight (kg)

Weight change (kg)
since diagnosis 1kg)
previous year (kg)

Clothing size (Dutch units)
blouses
skirts

66.7
167 .l
24.0
l-5.2
25.3
80.3
99.2
Bl .2

65 .5
166.2
23.7
]-4.7
25.5
80.3
98. I
81. B

69.7
L62.2
26.5
L1.L
27 .6
89.2

r.00.8
88.9

70.3
163 .6
26.2
17 .0
21 .6
88.2

101.1
a7 .2

55 .9 64 .4 68.7 69.9

-0.5
-o.2 -0. 3

o.2
1.3

40.8
47.2

43.3
43.6

43
43

0.1

40 .4
40.6 4

risk factors of breast cancer was investigated by simple stratified
analyses, followed by Iogistic regression analysis (Table 5)- The

results indicate that potentially relevant differences in the odds
ratio for fat (e.g. 1.7 and 1.2 for positive and negative history of
benign breast disease respectively), can be ascribed to chance.
Therefore/ such detailed analyses of effect modification in this
limited data set must be considered explorative data analysis,
secondary to the main study objectives. Because of this, effect
modification by other risk factors of breast cancer has not been
studied for the other dietary factors of interest-
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Table 5. Association between fat intake and breast cancer for
different levels of selected risk factors.

Aqe ad'iusted MuIti-variate 1

Risk factor
Odds LR2
Ratioo (p-value)

LR
(p-value )

Odds
Ratio

Menopausal status
Premenopausal
Postmenopausal

Familial history
Negative
Positive

History of Benign
Breast Disease

Negative
Positive

Age at menarche (yr)
=L2
13-14
>15

Age at first fuII-
term pregnancy (yr)

Nulliparous
18-2 3

24-26
27 -28
> ,o

Pari-ty
Nulliparous

1

2
>3

Body mass index (kg/m.)
=22
23-24
-25

t.2B
1.29
7.27

0.00
( 1.00 )

7.29
1.32
l.2l

0.03
(0.ee)

1. 19
1.30

7.22
7.24

0. 34
(0. s6 )

0.01
( 0.94 )

1.36
(o.24])

7 .32
(0.06)

1.70
( 0.43 )

t.t4
L.47

2.10
(0.15)

0.01
(0.93 )

2.64
(0.10)

6.06
(0.11)

1. 30
7.2a

1. 19
1.47

L.49
7.25
1. 16

7.21
1.7 4

L.7 4
7.O2
1. 36
1.08
1.55

1.86
1.03
7.42
t.02
L.97

1. B3
L.23
1.40
o.92

2.OL
L.23
L.47
1.00

6.20
(0.18)

9.99
( 0.04 )

1 .46
7.23
7.25

0.68
(0.71)

1 Adjusted for (first- and second-degree) famirial history, history
of benign breast disease, educational rever, emproyment status,
age at menarche, age at first full-term pregnancy, parity, ever
use of orar contraceptives, smoking habits, body mass index,
current alcohol intake.

z Likelihood Ratio statistic, testing absence of statisticar
interaction in logistic model.

3 Odds ratio per 24 g of fat (=10 percent of energy).
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Chapter 4

DIETARY FAT AND THE RISK OF BREAST-CANCERI

Pieter van 't Veer, Frans J Kok, Henny AN Brants,
Theo Ockhuizen, Ferd Sturmans, Rudol.ph JJ Hermus.

Abstract

Age-adjusted dietary fat intake of 133 incident Dutch breast cancer
cases was significantly (p < 0.01) higher than in 289 apparently
healthy controls (mean and standard deviation: LO2 ! 36 g and
92 ! 30 g, respectively). Ihe age-adjusted relative odds of breast
cancer showed a positive trend (p < 0.05) with increasing fat
intake. The multivariate adjusted relative odds was 3.5
(95U confidence interval = 1.6 - 7.6 ) for subjects in the highest
quintile of fat intake (above 113 g) compared to those in the lowest
quintile (below 65 g); this corresponds to a 308 increased risk per
10% of energy derived from fat. The association could not be
attributed energy intake, nor to the degree of saturation of the fat
nor to any specific dietary source of fat.

Introduction

The impact of diet on breast cancer prevention may be of great
importance (1), especially in Western countries, where the incidence
is high and stage-specific survival does not improve (2). Cross-
sectional data (3) and animal experiments point at either energy or
fat intake as risk factors (4-6). The role of energy intake also
hampers the interpretation of epidemiological studies (7-9). Case-
control and cohort studies generally have failed to contribute
convincing evidence with regard to the fat hypothesis, because thej_r
interpretation was hindered by methodological problems in dietary
assessment or selection of the control group ( 10) . In the
Netherlands, known for both a high breast cancer incidence (11) and
mortality, as well as a high per capita fat intake (t21, we
conducted a case-control study on dietary fat intake and breast
cancer and applied an extensively standardized and reproducible
dietary history technique for the assessment of usual fat intake.

International Journal of Epidemiology 1990 (in press).
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Subjects and methods

Study population

The study was conducted in 1985-1987 among Dutch caucasian women
aged 25-44 and 55-64 years, residing in a defined region of the
Netherlands. A totar of 168 newly diagnosed breast cancer cases from
77 hospitars in the study region were enrorled in the study, either
by cooperating surgeons or by regional cancer registries. The
diagnosis was historogicarly confirmed in 96% of the cases. 134
(80%) eligible cases agreed to participate in the study. An age-
stratified sampre of controls (548 \^/omen) was obtained from the
municipal popuration registry in the same area as the hospitars,-
After excrusion of 19 subjects who did not furfir the erigibili-ty
criteria (n=8), or who could not be traced (n=11), a total of 2gg
(558) eligibre contror subjects participated, with age distribution
and period of investigation similar to the case series. rn order to
evaruate representativeness of the contror group, the entire contror
sampre was asked to comprete a condensed postar questionnaire. This
questionnaire was returned by virtually ar1 responders and by 99
(372) of the non-responding controls. No major differences hrere
detected between responders and non-responders with regard to age,
age at first full-term pregnancy, parity, weight, height and body
mass index. with respect to food consumption, no differences were
observed between responders and non-responders in daity intake of
fat containing foods (fat-content of mirk products; meat products
and cheese vs sv/eet food items on bread), bread, e99sr and fish.
Responders, however, tended to use whole-meal bread more frequently
than non-responders.

Data cofTection

cases r^/ere interviewed within one year after diagnosis (91% within
6 months), but not during periods of chemotherapy. The data obtained
in the interview referred to the year preceding diagnosis (for
cases; or interview date (contrors). The interviews were carried out
by two well-trained, registered dietitians in a two-hour home visit.
The questionnaire inquired after di-etary, drinking and smoking
habits; stabirity of food habits,' demographic and socio-economic
characteristics; reproductive history and prior breast diseases;
oral contraceptive and other hormone usei (prediagnostic) weight.
Finarry, anthropometrical measurements were obtained; in order to
address additional hypotheses, toenail crippings were corlected and
a blood sampre was drawn (for cases before surgery). To assess the
reproducibility of the answers, the interview was repeated in a
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subsample of 39 control subjects/ one year after the first inter-
view.

Dietary questionnaire

Io obtain data on average daily food and nutrient i-ntake, a dietary
history interview was conducted covering the complete dietary
pattern in the twelve-month period prior to diagnosi-s or interview
date. To minimize effects of between-interviewer variability and to
maintain comparability of information from cases and controls, the
dietary history was highly structured. The questionnaire comprised
236 separate food items, covering the (traditional) hot meal, its
preparation, breakfast and lunch, fats used, snacks and drinks, and
supplements. Another 32 items were added to take account of special
foods used. In order to ensure internal consistency of the reported
pattern, and to take account of exceptions to this pattern, checks
were included in the questionnaire. For each food item in the
questionnaire, frequency (number of times per week) and amount were
quantified. The content of the most frequently used household
utensils (spoons, cups, glasses, dishes) was measured to obtain a

more accurate quantification of the portion sizes.
Average daily energy and nutrient intake was calculated using the
standardized Dutch Uniform Encoding System ( 13 ) and the 1984 release
of the computerized Dutch Nutrient Data Bank (14). Fat intake from
the following five food groups was calculated separately: meat and
meat products; milk and dairy products; oils and fats; cake,
biscuits and snacks; miscellaneous. Because items on the use of
sugar in coffee, tea and desserts, and soft drinks were included a

few months after the start of the study, fat intake as a percentage
of energy could not be calculated for 51 control subjects. For one
case, the dietary history interview was iudged unreliable and data
were excluded from the analYsis.

VaTidity and reproducibiTity of the questionnaire

Although validation of the structured dietary history by means of
independent assessment of dietary intake or biochemical parameters
was not carried out, the following three essential components of
validity were evaluated: completeness of assessment of fat intake,
reproducibility of the method and stability of food habits.
In a previously gathered data set comprising 73 women aged 55-69
years, interviewed using an extensive dietary history containing
over 950 food items, average daily fat intake was calculated for aII
subjects (L5). A number of 236 food items were selected for inclu-
sion in the structured dietary history used in this case-control
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study- rntake of energy, total dietary fat, saturated, monoun-saturated and poryunsaturated fatty acids for these 236 itemsdiffered less than 28 from the intake of these nutrients carcurated
by using the total number of items. Furthermore, the pearson
correrati-on coefficient exceeded 0.95 for energy and totar fat, aswerl as for saturated, monounsaturated and poryunsaturated fatty
acids. These data suggest that the items i-n our structured dietaryhistory cover individual fat intake adequately.
Reproducibility of the questionnaire was assessed by repeated
measurement one year after the first interview. rn a subsampre of 39contrors, average dairy intake of fats differed by ress than 2z
between these subsequent years of reference. The pearson correration
coefficient, affected by both measurement error and true changes infood habits, was o.7L for energy intake, 0.64 for dairy fat intake,
and 0.65, 0.64 and 0.55 for saturated, monounsaturated andpolyunsaturated fatty acids, respectj_ve1y.
ro investigate whether food habits of cases and contrors remained
constant during the past five years, changes in the use of fat from
seven food groups r^rere assessed: table fats; other fats and oiIs,.meat; meat products,' cheese; other dairy products; fish. For these
food groups, the majority of the subjects (75t for most food groups)
reported no change in the amount consumed, whereas almost the totargroup (95%) reported no change towards products with a higher orlower fat content.

Data analysis

using rogrinear anarysis (16) crude and age-adjusted rerative oddsof breast cancer were calcurated for levers of (potentiar) riskfactors; rikelihood ratio statistics resulting from these models
were used for statisticar testing (Table 1). Average dairy intake ofenergy and fat (totar, and saturated, monounsaturated and polyun-
saturated fatty acids) was compared between cases and contrors,
separatery for those aged 25-44 years (ggt being premenopausar) andfor those aged 55-64 yrs (g7z being postmenopausar): the case-control differences were simirar in both age groups. To adjust fatintake for age, regression analyses were carried out for cases andcontrols separatery. The age-adjusted case-contror difference in fatintake was estimated from a regression analysis including both cases
and contrors- rn this anarysis age was specified in four groups (25-
39t 4o-44t 55-59 and 60-64 years old) using three dummy variabres
(Table 2). similar anaryses were carried out for fat intake fromfive major food groups. Because of several skewed di_stributions,
these anaryses \4rere repeated with rog transformations, which yierded
essentially similar results. rn the rogisti-c regression moders fat
intake was included either as a continuous variable or in quintiles.
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Table 1. Age-adjusted odds ratio (OR) of breast cancer
risk factors in a case-control study in the Netherlands,

for major
1985-l_987.

Risk factor Level
Number of
Cases Controls

Age-adjusted
OR P-va1ue

First degree
familial history

Second degree
familial history

Age at
menarche (yr)

Negative
Positive
Negative
Positive
<L2
t3-14
=15
Nulliparous
LB-23
24-26
27 -28

LL7
16

105
2B
44
63
22
19
36
33
23
22
19
2t
57
36
87
18
2a
72
47
L4
95
38
70
63

106
27
38
29
65

269
20

252
37
75

L45
60
43
85
72
44
45
43
32

104
110
196

39
53

r_60

93
35

L82
LO7
r_38

l-5 1

232
56

1-00

62
L27

1.0
1.6
l_.0
L.7
1.0
0.8
0.6
1.0
1.0
1. l-

1.1
1.0
1.0
1.5
1.4
0.6
1.0
1.1
L.4
1.0
L.2
l-.0
l_.0
0.8
t-.0
l-. 1

1.0
1.1
1.0
L.2
L.2

o.77

0.05

0.27
Age at first full-

term pregnancy (yr)

>29
0
1

2
.3

Number of births

0. o1
Current smoking

(cigarettes,/day;
NO

1- 11
>72
Low
Medium
High
Unemployed
Bmployed
Never
Ever
Negative
Posi-tive
<22
23-24
>25

o .44
Level of education

Employment status
o.67

o.32

0.81_

0.66

Use of oral contra-
ceptives

History of benign
breast disease

Body mass index
(kg/m2 )

o.77

73

1.00
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Confounding was evaluated by means of logistic regression analyses,
in which fat intake was specified as a continuous variable. The
potential confounding effect of the following factors was
considered: history of benign breast disease, first- and second-
degree familial history, smoking habits, educational level,
employment status, history of use of oral contraceptives, age at
menarche, age at first fu1l-term pregnancy, parity, body mass index,
intake of a1cohol. None of these factors substantially influenced
the estimate of the relative odds by more than 5% when they were
introduced in the model either separately or simultaneously.
Adjustment for energy intake was carried out in three different
\"rays: by specification of fat intake as a percentage of energy,. by
Iogistic regression analysis including terms for both energy and
fat; and by the residual method recently proposed by Willett and
Stampfer ( 17 ) . In these analyses, 51 control subjects with
incomplete data on energy intake were excluded. Effect modification
of the fat-breast cancer association by major risk factors was
addressed by introducing interaction terms in the age-adjusted model
with fat specified as a continous variable. Taking into account the
size of the study and the number of associations considered, no
relevant effect modifiers were identified. Assuming that the
association between fat and breast cancer for women aged 45-54 years
would be similar to the association for younger (25-44 years) and
older (55-64 years) women, we used the logistic regression model to
estimate the potential public health impact of a reduction of fat
intake by 25% (e.9., from 92 to 69 g daily, or 10% of energy).

Results

The age-adjusted relative odds of breast cancer for several risk
factors is shown in Table 1. An increased relative odds was observed
among women with first- and second-degree familial history of breast
cancer. A late age at menarche was associated with reduced risk. Age
at first fu1I-term pregnancy was not related to disease, but, among
parous women/ number of children was associated with decreased risk.
The other risk factors showed only weak associations with breast
cancer risk-
Average age-adjusted daily intake of energy, fat, type of fat and
source of fat are presented in Table 2. The age-adjusted case-
control difference in average daily fat intake (10 S) was reflected
in each of the three types of fatty acids (saturated 4 g,
monounsaturated 4 g and polyunsaturated 1 g). These case-control
differences resulted from fat from meat and meat products (3 9),
from table fats, cooking fats and oils (3 g), as well as from fat
from cakes, biscuits and snacks (3 S).
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Tabre 2. Age-adjusted daily energy and fat intake of breast cancer
cases and their population controls in a case-control study in the
Netherlands, 1985-1987.

Daily intake of
(mean + standard
deviation )

Cases

1n=133 )

Controls

( n=289 )

Age-adjusted
difference
Mean 95t CI 1

Energy (kcall z

Total fat (g)
Type of fatty acids

saturated
mono unsaturated
poly unsaturated

(s)

Source of fat (g)
meat and meat products
milk products and cheese
cooking oil and fats,

shortening, butter etc.
cakes, biscuits, snacks
miscellaneous

2IO2 ! 499 726 (13,

92!30

2225 ! 587

to2 ! 36

27!72
22!72

10 (3,

24O)

16)

7l
7')
3)

1

t
+

t645
39
16

+

+

+

t4
B

2I
9

6

4l!74
35r11
15t 7

(7,
(1,
(0,

3 (1, 5)
o (-2, 3)

2B!17
10r 8
74! 5

3 (O, 7l
3 (1, 5)
0 (-1, 1)

4
4
1

18r 9

22ILL

31
l-3
I4

1 95% confidence interval.
z 238 controls had complete data on energy intake.

The crude rerative odds of breast cancer for subjects in the highest
quintile of fat intake (z L1,4 g; 45% of energy intake) as compared
to the lowest quintile (= 64 gi 322 of energy intake) was 2.67 and
increased - arbeit irregurarly - from the lowest to the highest
quintile. Adjustment for dge, followed by multivariate analysis,
increased the strength of the dose-response relation. The relative
odds increased to 3.54 after adjustment for age and other major risk
factors of breast cancer. When fat intake was entered as a
continuous variable in the multivariate model, the rerative odds
expressed per 24 g fat (10ts of energy intake) was 1.30 (95%
confidence interval cr = 1.1-o - 1.54). when an interaction-term
between fat and menopausar status was considered in the rogistic
model, the age-adjusted reLative odds per 24 g fat was essentially
similar in premenopausal women (relative odds = 1.2) and postmeno-
pausal women (rerative odds = 1.3),- in the murtivariate model the
corresponding figures were 1.1 and 1.5 respectiveJ-y. These relative
odds, however, were not significantly different, neither in the age-
adjusted model (p = 0.56), nor in the multivariate model (p = 0.15).

75



Dietary fat

Since total fat intake is highly associated with energy intake
(Pearson coefficient of correlation = 0.89 in controls), the
observed association could be confounded by energy intake. The
relative odds of breast cancer, adjusted for energy intake and age
was 1.54 per 24 g fat (95% CI = 1.06 - 2.22), irrespective of
whether adjustment for energy intake was carried out by logistic
regression analysis or by the residual rnethod. When adjustment for
energy intake was carried out by dividing fat energy by tota] energy
(density method), however, the relative odds per 108 of energy from
fat was slightly higher (7.62;958 CI = 7.L4 - 2.3O); it decreased
to 1.50 when energy was also included in the analysis, which points
at residual confounding by energy when the density method is used.
These results remained essentially similar when the other risk
factors were also included in the model.

Table 3. Crude and adjusted relative odds of breast cancer for
quintiles of fat intake in a case-control study in the Netherlands/
1985-1987.

Quintile
(q far)

Number of
cases controls

Relative odds of breast cancer
crude age- multivariate

adjusted ( 95% Cr ) 1

= 642
65-8 1

82-97
98- 113

> 114
total

15
31
26
2L
40

133

57
5'7

59
59
57

289

1.00
2.O7
t.67
1.35
2.67

1.00
7.52
1.60
L.32
2.60

r.25
3.22

( 0.07 )

1.00
2 .00
2.32
2.29
3.54

( 0.91-4.38 )

( 1.0s-s . 16 )

(1.00-s.29)
(L.64-7.64\

1.30 ( 1. 10-1. s4 )

9.53
( <0.01 )

OR per 24 g total fat3
a2 for trend*

(p-value )

1.25
5 .65

( 0.02 )

1 Adjusted for first- and second-degree familial history, history of
benign breast disease, educational level, employment status, age
at menarche, age at first full-term pregnancy, parity, ever use of
oral contraceptives, smoking habits, body mass index, current
alcohol intake (CI = 958 confidence interval).

2 Reference category for quintile analysis.
e Odds ratio (OR) corresponding to 10t of energy intake.
* Based on likelihoodratio statistic, quintiles scored 1-5.
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Total fat intake was strongly associated with the intake of each of
the types of fat. rn the highest and Iowest quintile of average
daily fat consumption the intake of saturated fatty acids was 61 and
24 g respectively; the intake of monounsaturated and polyunsaturated
fatty acids in these quintiles was 52 and 20, and 22 and 8 g,
respectively. As a consequence, each type of fat was positively
associated with breast cancer as weII. In order to remove the
association between total fat and type of fat, the latter was

expressed as a percentage of total fat: this also removed the
association between each of the types of fat and breast cancer.
Thus, substitution of a particular type of fat by the other types
did not affect the relative odds of breast cancer.
when fat intake from each of the five food groups distinguished in
Table 2 was entered into the age-adjusted logistic model (all five
groups simultaneously), fat from meat and meat products (relative
odds per 24 g faiu = \.76;95% CI = L.O4 - 2.96) and fat from cakes,
biscuits and snacks (relative odds per 24 g fat = 2-4Bi 95%

cI = L.34 - 4.59) appeared to be strongest associated with breast
cancer risk. However, comparison of this model with a simple
age-adjusted rnodel including total fat intake as a single variable
(odds ratj-o per 24 g faL = 1.25; see Table 3), indicated that the
different point-estimates of the relative odds for these particular
food groups may result from chance variation around the overall- fat-

I x?r = e.lg;breast cancer association
p = 0.o7) .

Discussion

We observed a positive association between average dai-ly fat intake
and the risk of breast cancer. This association was due to total fat
intake, rather than to energy intake, or to any specific type or
source of fat. Previous case-control and cohort studies have not
convincingly demonstrated a fat-breast cancer association. In most
of these studies, standardized, short-cut methods of food consump-
tion were applied, not allowing calculation of total average daily
fat intake. Mi-IIer et al. ( 18) applied several interviewing
techniques, provided some evidence of their validity (19), and
observed a slightly positive, but non-significant association.
willett et aI. (20) applied a short-cut, validated (21), written
food frequency questionnaire, and observed no association between
fat intake and breast cancer incidence in a study of 601 breast
cancer cases in a cohort of 891538 uS nurses. If fat intake is truly
associated with breast cancer risk, this negative finding may be
attributed to random misclassification of fat intake, resulting from
both imperfect measurement at the start of the study and changes in
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food habits during the forlow-up period. we provided data suggesti-ngthat our method covers fat intake adequatery, in a time-integrated
and reproducibre manner. Moreover, as compared to a crassicalBurke's dietary history with cross-check (221 , otr structured methodstandardizes the interviewing of cases and contrors and maytherefore reave ress room for between-interviewer bias. Furthermore,it is not very likely that a generar overreporting of foodconsumption by cases can explain the observed association, because
adjustment for energy did not remove the association. Because therewas no indication that the relative odds of breast cancer increasedor decreased with increasing time-rag between diagnosis andi-nterview date, recarr bias is unrikely to exprain the resurts.Finalry, we do not expect that serious biases have resurted fromsubject serection: the rerative odds did not vary significantry with
degree of cooperation of surgeons in geographical regions, and amongcontrol subjects no substanti-ar differences were observed betweenresponders and non-responders with regard
nutritional status or dietary habits.

to indicators of

Arthough statisti-cal variabirity and unknown biases may partialry
account for the apparent inconsistencies betv/een observationar
studies, explanations may also be found i-n population
characteristics and differences in potentiar di-etary confounders.
Meat consumption, used as an indicator of totar fat intake, waspositively associated with breast cancer risk in case-control
studies (23t24) as well as in a prospective study in Japan (251,although no clear association was observed among seventh DayAdventists (26,27). rn our data/ fat from meat and meat products waspositivery associated with both total fat intake and risk of breastcancer. With regard to the frequency of use of dairy products, apositive association with breast cancer risk was reported in anrtalian popuration (28), but not in seventh Day Adventists (26,271;
cheese was positively associated in a French (29), but not in acanadian (23) case-contror study; dairy products (except milk) werepositivery associated with breast cancer risk in a case-contror
study (26), but not in a prospective study (27) among Seventh DayAdventists; for yogurt, on the other hand, a protective effect was
suggested (29). rn the Netherrands, per capita consumption of dairyproducts is high as compared to most other countries (30), whilethere is substanti-ar heterogeneity in type and amount of dairyproducts used. Although dairy constituents or their possibre effectson faecar frora may infruence breast cancer risk (31), our resurtssuggest that this is probabry not rerated to their contribution tofat intake. The positi-ve association between breast cancer risk andfat from cakes, biscuits and snacks seems to be an isolated findingin our data- Although the riterature wourd not be inconsistent with
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regard to a special role of meat and meat products in breast cancer
etiology, the evidence in our data is weak, and we prefer to
attribute our results to total fat intake rather than to fat from
any food group in particular.
we did not observe an association between breast cancer and type of
dietary fat i.e., saturated, monounsaturated and polyunsaturated
fatty acids (expressed as a percentage of total fatty acidsl. This,
however, does not exclude the possibility of an association with
fatty acids with specific biological effects/ such as n-3 fatty
acids (32\. To evaluate such hypotheses, however, it may be
insufficient to rely on dietary intake data; biochemical parameters,
such as fatty acid composition of subcutaneous fat (33) or of plasma
phospholipids, may be biologically more relevant indicators of
exposure.

we adjusted the fat-breast cancer association for energy intake
using three different methods. Logistic regression analysis and the
residual approach proposed by willett and Stampfer (17 ) yielded
identical results. When we adjusted for energy by dividing fat
energy by total energy (fat %), confounding by energy intake was not
completely removed. For all three methods, however, the degree of
association substantially increased. In contrast to logistic
regression analysis, however, the residual method clearly indicates
that the energy-adjusted heterogeneity of fat intake in the study
population is not very large ( standard deviation 13 g instead of
30 g). Thus, in our population, reduction of fat intake by 24 g may
be a goal that can only be achieved with great societal and
individual efforts -

In conclusion, our results suggest a dose-response relationship
between average daily fat intake and breast cancer risk. This
association could not be explained by energy intake, any particular
type of fat or source of fat, although meat and meat products may
account for a large part of the association. Furthermore, it is not
very likely that biases in the study design or dietary methodology
may account for our results. It remains to be shown, however,
whether other characteristics of the dietary pattern in the
Netherlands can explain these findings. So far, however, the results
suggest that in a country with a high fat consumption, reduction of
di-etary fat intake, for instance from 40 to 30% of energy intake,
may lower breast cancer incidence by ten to thirty per cent.
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Chapter 5

SELENfUM IN DIET, BLOOD AND TOENAILS TN RELATION
TO BREAST CANCER: A CASE-CONTROL STUDYI

Pieter van tt Veer, Reggy pJ van der Wielen, Frans J Kok,
RudoTph JJ Hermus, Ferd Sturmans.

Abstract

The association between breast cancer and selenium, measured in the
diet, prasma, erythrocytes and toenails, was investigated in a case-
contror study in the Netherrands during 1985-1997. Dietary serenium
intake was assessed by a structured dietary history technique among
133 breast cancer cases and 238 popuration controls. Absorute and
energy-adjusted serenium intake and selenium concentrations in
plasma, erythrocytes and toenails were similar in cases and
contrors. The mul-tivariate adjusted odds ratios of breast cancer for
subjects in the rowest compared to the highest quartile were 1.6
(Cr = 0.8 - 3.4) for dietary selenium, 2.O (CI = 0.9 - 4.4) for
plasma serenium, 0.9 (cr = 0.4 - 1.9) for erythrocyte selenium, and
1.1 (CI = 0.6 - 2.L) for toenail selenium. No statistically
significant trend was observed in the odds ratios for any of the
four indicators of selenium. These results do not suggest a
substanti-ar association between selenium and breast cancer for both
short- and long-term markers of selenium status.

Introduction

An inverse association between serenium and cancer is stirl the
subject of debate ( 1). rn a majority of past prospective
epidemiorogic studies, blood serenium l-evers were found to be
inversery associated with the risk of totar cancer (2-10), though
not always statisticarry significant (7-10). rn gTenerar, however,
the number of subjects was not sufficient to alrow site-specific
analyses, reaving resurts for breast cancer inconcrusive (2rg-10).
case-contror studies have shown that serum selenium, a short-term
biologic marker of selenium intake, was rower in breast cancer cases
compared to contrors l7L,L2\, but serenium in long-term markers,
such as erythrocytes (13) or toenails (14), was not. fhe use of
prevarent cases, smarl numbers, or different markers of selenium
hampers interpretation of these findings. simurtaneous measurement
of both short- and long-term markers of seleni_um ( 15 ) , and

Amerj-can Journal of Bpidemiology 1990,. 131rno.6 (in press).
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consistency in their association with breast cancer will contribute
to the understanding of the role of selenium in breast cancer
pathogenesis.
In the Netherlands sefenium intake is moderate (16) and blood
selenium levels ( 17 ) are intermediate between those reported from
New Zealand and the United States (18). Breast cancer incidence is
one of the highest in Western countries ( 19 ) . Therefore, v/e
conducted a case-control study on selenium and breast cancer in
which we measured comprehensively selenium in the diet, plasma,
erythrocytes and toenails (20).

Materials and methods

Recruitment of subjects

Dutch white women 25-44 or 55-64 years of age, who resided in the
central and southern Netherlands, and who were without a history of
breast cancer were eligible. The perimenopausal age group v/as
excluded to enhance an efficient comparison of risk indi-cators in
pre- and postmenopausal women with reqard to other study hypotheses.
Data collection included interviews in person ( food habits and life-
style) and biologic specimens (blood and toenail clippings).
Cases were recruited by collaboration with surgeons, hospital
Iaboratories and regional cancer registries i-n the study area.
Cooperation of surgeons was obtained from 17 out of 35 hospitals
covering 55 percent of hospital admissions, and non-cooperation was
Iargely determined by privacy regulations and feasibility of study
procedures. A total of 168 eligible cases were recruited, with
66 and 102 women in the age categorLes 25-44 and 55-64 respectively,
and diagnosis was histologically confirmed in 96 percent. From
103 cases a preoperative blood sample was obtained by the hospital
Iaboratories before surgery/ radiation or chemotherapy was started.
A total of 134 cases (80 percent) were interviewed on prediagnostic
food habits in the 12-months before diagnosis, on Iife-style factors
and on potential confounders. Response of cases was lower in
advanced breast cancer and independent of age and degree of
urbanization of residence. Most interviews were conducted within
three to four months after diagnosis, 9l% within six months.
Following the interview, toenail cIi-ppings were collected from
128 cases. The dietary interview from one case was considered
unreli-able and excluded from data analysis.
A total of 548 controls, with age-distribution similar to the cases,
was sampled randomly from the municipal registries in the study
area. Subjects $/ho were ineligible (n=8) or could not be reached
(n=11) were excluded. Of the remaining 529 controls, 289 women
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(55 percent) \4rere interviewed, 89 partial responders (17 percent)
completed a short written questionnaire, and 151 subjects
(29 percent) refused any form of participation. Response of contrors
was lower for the older age group and independent of degree of
urbanization of residence. From the 529 controls, 311 provided
toenair crippings (incruding 55 partiar responders) and from 255 (of
the interviewed) women brood was colrected, one to two months after
the interview. A totar of 250 samples of toenails and 160 blood
samples from controls were randomly selected for analysis.
Data were colrected from 1985-1987 and arr seasons of the year were
covered. rn order to obtain a seasonar distribution of data
corlection comparabre to the cases, interviewing of the contrors
started simultaneousry with case-recruitment and referred to the
twerve-month period before diagnosis. Because brood from cases had
to be colrected preoperativery, this objective courd not be achieved
for the biologic specimen. Furthermore, data on selenj-um intake from
51 controls had to be excluded from data analysis regarding energy
intake, because sugar intake was not completely covered by the
questionnaire when the interviewing started.

Dietary se-lenjum intake

Average daily food consumption was assessed by two werr-trained,
registered dietitians using a structured dietary history interview
in which frequency and amount of 236 food items \^rere recorded.
Portion sizes of cups, grasses, dishes and spoons were measured to
obtain accurate estimates. Average daily energy intake h/as
calcurated using the standardized Dutch uniform Encoding system (21-)
and the 1984 rerease of the computerized Dutch Nutrient Data Bank
(22). use of serenium containi-ng supprements was included in the
questionnaire, but not taken into account in calcuration of average
daily selenium intake.
Serenium intake was calculated from a table of serenium contents,
deveroped for this study. This table was mainly based on extensive
analyses of cerears, meat and mirk products (23). For minor serenium
sources, such as fishery products (24), fruits, vegetables and mixed
dishes, the serenium content was estimated on the basis of data from
surrounding countries, additionar anaryses and ingredients. The
validity of the tabre was evaruated by comparison of the carculated
average dairy intake of serenium with the chemicar analysis of ten
identically composed market baskets of an average-day meal (25). The
mean difference between calculated and analyzed totar sereni-um
intake was less than 4 percent (Table 1), suggesting validity of our
table with respect to estimation of the selenium intake from foods.
Reproducibirity of the dietary questionnaire was assessed in 39
control subjects, re-interviewed one year after the first interview.
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Average daily intake of selenium differed by J_.1 percent on1y,. the
Pearson coefficient of correration was r = 0.73 for selenium intake.

Table 1. comparison of serenium intake determined by chemi-cal
analyses and calculated using table of selenium contents.

Food groups
Chemical

analysis (yg) 1

Calculated
intake (VS/day)2

Meat, meat products and eggs
Fish and sea foods
Milk products and cheese
CereaI products
Miscellaneous
Total selenium

( 13 .7-28. 1 )
(2.s-3.3)
(8.s-10.9)

(19.5-31.1)
( 8.6-13.6 )

(60.2-79.61

18.4
2.6

LO.7
30.4
10. 1

72.2

20.9
,o
9.7

25.3
11. 1

69.9

Mean (95 percent confidence interval) of ten market baskets.
Using table of serenium contents, wi-th food composition identi-cal
to market basket.

BLood and toenaiL seTenium

Blood samples were collected ( for cases before surgery) and
separated in prasma and erythrocytes. The selenium concentration in
erythrocytes (packed cells) was determined by fluorimetry (25). Each
of the 20 laboratory runs contained samples from cases, contrors and
from a poor of erythrocytes. Each of the samples was determined in
duplicate, with laboratory personnel unaware of the type of sample.
The coefficient of variation was 8s ( 68 for a duplicate measurement
and 5% between runs).
Prasma and toenail serenium concentrations were measured in
lyophilized samples by neutron activation analysis (50-BO mg serum
and 10-300 mg toenail clippings). Samples, standards and reference
materials were irradiated in a flux (5 x 1Or3 neutrons.cm-z.s-r) of
thermal neutrons for 5 or 20 seconds for plasma and clippings
respectively, at the Netherlands Energy Research Foundation ECN,
Petten, the Netherlands. After a delay time of 5 seconds, garnma
radiation from metastabre-serenium-77 was measured for 20 seconds
(261. Accuracy was monitored by analysis of the standard Reference
Material 1577A ,'Bovine Liver" (National Bureau of Standards,
Washington, USA). Results were 0.72 L O.O3 Vq/S (mean + SD,. n=19),
while the NBS certificate carries the value of O.72 ! O.Og yg/g.
Because a rarge proportion of subjects corlected clippings from both
the big toe as well as the other toenails, we compared whether this
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was rerated to selenium content. The selenium content did not differ
between clippings of the big toe alone and clippings of alt toes
combined, but the amount of material did not permit separate
anaryses. Furthermore, the serenium content of toenails appeared to
be independent of visible contamination with nair porj-sh or gross
debris. The coefficient of variation for the determination of
selenium in prasma was 11% (9% within runs and 6% between runs). For
selenium in toenails the coefficient of variation was t2% ( 11%
within runs and 4% between runs ) .
Throughout arl laboratory procedures, samples of cases and contrors
were treated identicarry, with laboratory personnel unaware of the
health status. AII runs contained both cases and control-s.

Data analysis

Means and standard deviations of the exposure variabres were
calculated for cases and controls, stratified for age/ and multiple
rinear regression analysis was used to study age-adjusted
differences in selenium concentrations. rnitial anaryses were
conducted separatery for subjects aged 25-44 years (54 cases and 121
controls) and 55-64 years (79 cases and 117 contrors). Results were
simirar for both age groups, and the data were pooled in further
analyses.
odds ratios (oR) of breast cancer were calculated for serenium in
diet and biomarkers with adjustment for potential confounders by
unconditional murtiple rogistic regressi-on with maximum rikelihood
estimation of the regression coefficients and their standard errors
(27)- serenium (quartires), a9e (four categories), area of residence
(four categories; and season of data corlection (four categori-es)
were incruded in arr rogistic moders. For the analysis of dietary
serenium, the residuar approach proposed by willett and stampfer
(28) was used. Resurts were simirar when quartiles of absofute
selenium intake were used and energy intake was taken into account
as a continuous variabre. Resurts of both approaches were identicar
when serenium (or its residuals) and energy intake were entered in
the model as continuous variables (29).
rn order to identify potentiar confounders for the association
between dietary selenium and breast cancer, odds ratios were
calcul-ated for the forrowing major risk factors: history of benign
breast disease, first- and second-degree famirial history, smoking
habits, educational level, employment status, ever use of oral
contraceptives, age at menarche, age at first full-term pregnancy,
parity, body mass index, alcohol and fat i_ntake. Addition of these
factors to the logistic regression mode1, either separately or
simultaneousry, resulted in onJ-y minor changes of the odds ratio for
intake of selenium (entered as a continuous variable).
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Results

In our study population, breast cancer was associated with major
risk factors. The odds ratios for breast cancer were higher for
first- and second-degree familial history (OR = 1.6, 95 percent
CI = 0.8 - 3.3, and OR = 1.7r 95 percent CI = 1.0 - 3.0,
respectivety). A Iate age at menarche (: 15 years) was associated
with a reduced risk of breast cancer (OR = 0.6, 95 percent CI = 0.3
- 1.1) compared with early age at menarche (< 12 years). women with
multiple births (three or more) had a lower risk (OR = 0.6, 95
percent CI = 0.3 - 1.2) compared with nulliparous women. Although
these associations were not statistically significant, the direction
was as expected. No important association was observed for the other
najor risk factors (table available on request from the authorsl.
Mean daily intake of selenium, energy and energy-adjusted selenium
intake of cases and controls as well as selenium concentrations in
plasma, erythrocytes and toenails are presented in table 2, together
with the corresponding age-adjusted case-control differences.

Table 2. Means (and standard deviations (SDs)) for daily intake of
selenium and energy, and selenium concentration in plasma,
erythrocytes and toenails among breast cancer cases and population
controls, the Netherlands, 1985-1987.

Nutrient and
specimen type Mean + SD Mean t SD

Cases Controls Age-adjusted
difference r

Dietary intake
Selenium (Ug) 2

Energy (MJ)
Energy adjusted
selenium intake (u9)

Selenium concentration3
Plasma (Vg/I) 89 t 74
Erythrocytes (nq/91 L29 ! 24
Toenails (ppm) 0.63 t 0.12

56.0 t 13.0
9-2 ! 2-5

55.9 ! 72.5
8.9 ! 2.2

93
L28

o.65

(-2 .O ,3 .3)
(0.1,1.0)

-3 (-7 , L)
+1 (-6,7 |

-0.02 (-0.06,0.01)

0.6
0.5

54.9 ! 8.4 56.5 r 8.4 -1.5 (-3.3,O.3)

115
!25
t 0.18

r 95 percent confidence interval in parentheses.
2 Excluding selenium supplements (used by 6 cases and 7 controls).

Intake data from 133 cases and 238 controls.
a Number of samples analysed (cases/controls): plasma (92/t5L),

erythrocytes (92/L47 ), toenails (124/236). Missing data for blood
(1L cases, 9-13 controls) and toenails (L4 controls) due to
breakage, hemolysis and shortage of material.
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Average dairy selenium intake in cases and contrors was simirar.Energy intake in cases, however, was higher than in contrors lage-adjusted difference = 0.5 MJ; 95 percent Cr = 0.1 - 1.0 MJ). Because
of the association between the intake of serenium and energy(r = 0-75 in contrors), seleni-um intake was adjusted for energy.
consequently/ energy-adjusted serenium intake in cases was srightry
rower than in contrors. we found no statisticarry significant age-adjusted difference in cases and contrors for any of the biorogic
markers of seleni_um status.
The number of cases and contrors by quartiles of serenium in thediet and in biorogic markers, and the corresponding adjustedrelative odds of breast cancer (with their 95 percent confidence
interval-s), are presented in Table 3. Arthough the rerative odds inthe rowest quartire of dietary serenium ( after adjustment for
energy) and prasma selenium was srightry elevated, none of theserelative odds were significantry different from unityf as comparedto the highest quartire. Furthermore, there was no statistically
signi-ficant trend in the odds ratios for any of the four indi_cators
of selenium. Resurts of the anaryses were simirar when subjectsusing selenium supplements were excluded (from anaryses regarding
diet) or when between-run variabirity of laboratory analyses wastaken into account.

Discussion

rn this case-control study, no important associations were observed
between totar amount of selenium in diet, short-term (plasma) androng-term markers of selenium (erythrocytes, toenails) and breast
cancer.
rn our study, apparentry healthy contrors r4rere recruited from thehospitals catchment area. we compared among the totar control group,
breast cancer risk factors and food habits of the 2g9 extensivery
interviewed women and the g9 women who onry responded to the mairedquestionnaire. No major differences were observed with regard toage, age at first full-term pregnancy, parity, weight, height, bodymass index, nor with regard to fat content of mirk products,
consumption frequency of eggs and fish, and food items used onbread. Furthermore, consumption frequency of bread was simirar inboth groups, but the interviewed controls tended to prefer
whorewheat bread to white bread. Because of the higher serenium
content of whorewheat bread, this may have contributed to slightly
higher selenium revers in contrors. rn addition, the rowered
seleni-um in plasma and erythrocytes in cases may partiarry be a
consequence of the disease, rather than a cause. rndeed, prasma anderythrocyte selenium revels were lowered onry in cases with tumors
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Table 3. Odds ratios (ORs) (and 95 percent confidence intervals
(CIs) for breast cancer for quartiles of selenium in diet, plasma,
erythrocytes, and toenails, The Netherlands, 1985-1987.

Quartiles of selenium level x2 for
trend
(p-vaIue )

lowest highest
41 2 3

Diet 1

Cases (no. )

Controls (no. )

OR adjusted2

46
59

7.6
( 0.8-3. 1 )

1.6
( 0.8-3 .4 )

29
59

1.6
(0.8-3.2)

\.7
(0.8-3.7)

30
60

1.2
(o.6-2.4)

1.3
( 0.6-2 .8 )

zo

60
1.0 2.4L

(0.12 )

1.96
(0.16)

oR multivarate3 1.0

PIasma
Cases (no. )

Controls (no. )

OR adjusted2

JJ

38
2.O

L9
20

1.2

27
38

1.3
(0.6-3.0)

l9
1,1

1.0 3.O4
(o.9-4.4) (0.5-2.8) (0.08 )

Erythrocytes
Cases ( no. )

Controls (no
OR adjusted2

21
37

0.9
(0.4-1.e)

23
37

1.1
lo.5-2.4)

za
36

7.2

z5
37

1.0 0. 18
(0.67 )(o.6-2.6)

Toenails
Cases (no. )

Controls (no. )

OR adjusted2

42
59

1.1

24
60

0.6

zo
56

o.1
( 0.4-1. s )

) ,l
61

1.0 o.22
(0.6-2.1) (0.3-1.3) ( 0.64 )

1 Quartiles of energy adjusted selenium intake (excluding
supplements ) .

z Odds ratio (95 percent confidence interval) adjusted for age,
season and area of residence.

: Additional adjustment for potential confounders (see Data
analysis ) .
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of 2-5 cm. Moreover, because of a conservative attitude of surgeons
with regard to preoperative brood corlection, brood was avairabre
more frequently from cases with larger tumors. Thus, the slightly
rower dietary and prasma selenium in cases as compared to controls
may partiarry have resurted from recruitment procedures of subjects
and the presence of the tumor, rather than from an etiologic
association between selenium and breast cancer.
The epidemiorogic evidence of an inverse association between
selenium and breast cancer is limited. In one ecologic study a
significant association (r = -0.80) between per capita selenium
intake and breast cancer mortality has been reported (30). Decreased
serum serenium revels in breast cancer cases compared with controls
have been demonstrated in two smarl preli-minary case-contror studies
(77t72), but these results may also be attributed to the presence of
tumors (31). Two other smarl studies with long-term markers of
selenium have been reported from premenopausal women. Meyer (13)
observed a mean erythrocyte selenium concentration of 0.176 ppm for
breast cancer cases 1n=38) and of 0.174 ppm for controls (n=116). He
has found a relative risk of 0.5 (95 percent CI = 0.2 - 1.3) in the
rowest tertire as compared to the highest. rn a nested case-control
study (61 cases and 290 contrors) no association between toenail
serenium levels and breast cancer risk has been found by van Noord
(14) comparing the upper and lower quartiles (OR = 1.1; 95 percent
CI = 0.5 - 2.9\.
ft has been suggested that the protective effect of serenium on
total cancer risk might be related to gastrointestinar cancer, and
may not apply to estrogen-dependent sites (2,3). In fact, in three
(4-6) of five (2-6\ of the prospective studies on serum selenium and
cancer, the inverse association was found in men only. For total
cancer, relative risks of 3.1- and 2.0 for row versus hiqh serenium
have been reported from Finland ( 3 ) and the USA ( 2 ) respectively,
countries with row and high serum serenium concentrations compared
to the Netherl-ands ( 18 ) . we observed a rerative odds of breast
cancer of 2.o for the rowest quartile of plasma selenium compared to
the highest. Due to the limited size of our study, this estimate
could resurt from either no association with breast cancer, or from
an inverse association of size 2 lo 3 as reported for total cancer
(2,3). The potentj-al effect of a subclinical tumor on this short-
term marker (31), the larger availability of blood samples from
cases with advanced disease, and the absence of an inverse
association in the other markers, however, suggest that this
estimate of the odds ratio is not of etiologic significance.
rn conclusion, epidemiologic evidence for a protective effect of
selenium on breast cancer risk in women is essentiarly based on one
cross-cultural correlation study ( 30 ) and two preliminary reports
(7Lt12;. This case-control study on selenium and breast cancer
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included both short-term and long-term markers of selenium and more
breast cancer cases were enrolled than in other epidemiologic
studies on thi-s topic. Overall, the results do not substantiate the
inverse association between selenium and breast cancer.
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Chapter 6

CONSUMPTION OF FERMENTED MILK PRODUCTS AND BREAST CANCER:
A CASE-CONTROL STUDY TN THE NETHERLANDSl

Pieter van ,t Veer, Jacqueline M Dekker, Jos WJ Lamers,
Frans J Kok, Evert G Schouten, Henny AM Brants,

Ferd Sturmans, RudoTph JJ Hermus.

Abstract

rn a case-contror study in the Netherrands we observed a signifi-
cantry lower consumpt.ion of fermented rnilk products (predominantry
yogurt and buttermirk) among 133 incident breast cancer cases as
compared to 289 popul-ation controls (mean + standard deviation among
users only: 116 t 100 versus 157 ! 144 g/day, p<0.01). The age_
adjusted odds ratio of daily consumption of one and a half grass
(> 225 g) of fermented mirk versus none was o.5o (g5% confidence
interval cr = 0.23 - 1.08). when fermented mifk was entered as a
continuous variabre (per g) in either age-adjusted or multivariate
anarysis, the odds ratio expressed per 225 g was 0.63 (murtivariate-
adjusted 95% cr : 0.41 - 0.96). After murtivariate adjustment for
intake of fat and other confounders a statisti-cally significant
decrease of breast cancer risk was arso observed for increasing
intake of Gouda cheese. The murtivariate adjusted odds ratio
expressed per 60 g of this fermented product was 0.56 (95%
cr = 0.33 - 0-95) - For daily intake of mirk no statisticarry
significant differences were observed between cases and controls.
These resurts support the hypothesis that high consumption of
fermented milk products may protect against breast cancer.

fntroduction

Resurts of cross-culturar and regional correlation studies have
shown that breast cancer mortarity correrates positively with the
consumption of milk products (1,2). rn two recent case-control
studies, conducted in rtary (3) and France (4'), a positive associa-
tion was observed between consumption of dairy products and breast
cancer. fn the latter study, however, L6 et ar (4) arso observed an
inverse rerationship with the frequency of consumption of yogurt.
This observation is of interest since feeding of fermented miLk
products diminished the deveropment of sarcoma-180 and Ehrrich
ascites tumors (5-7). Lactic acid bacteria, used in fermentation

1 Cancer Research 7989;49:4O2O-3.
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of milk products, may survive in the digestive tract (8r9) and may
interfere with other gut bacteria (9,10). Goldin and Gorbach showed
that the intestinal bacterial enzyme activity was altered duri-ng a
period of feeding milk supplemented with Lactobacillus acidophilus,
in both rats (11) and humans (12). Such changes may influence the
formation (13) and withdrawal (14) of oestrogenic compounds, or
alter bile acid metabolism (15-17) in the enterohepatic cycle.
Furthermore, micro-organisms provided by cultured dairy products may
stimulate the immunological activity in the host (18/19), possibly
mediated by glycopeptides in the bacterial ceII wal-l (6).
We studied the relation between breast cancer and the consumption of
dairy products in the Netherlands. This country has a high incidence
of breast cancer, the consumption of dairy products is high, and the
consumption of fermented milk products is among the highest in the
world (20) and varies considerably within the population.

Subjects and methods

Cases

The study was conducted in 1985-1987 among Dutch Caucasian women age
25-44 or 55-64 years, residing in the middle and southern part of
the Netherlands. In order to address additional hypotheses, case
ascertainment required collection of both pre-operative blood as
well as interviews after hospital discharge. Consequently, study
procedures vrere complicated and cooperation was obtained from
surgeons in 17 out of 35 hospitals in the study area, covering 55%

of hospital admissions. From these hospitals 168 newly diagnosed
eligible breast cancer cases (96% histologically confirmed) were
identified either by the surgeons or by regional cancer registries.
Of the cases B0% (134 women) responded positively on an invitation
letter from our Institute. Data obtained from one case were judged
unreliable and excluded from the analysis.

Control-s

A total of 548 women/ reflecting the age distribution of cases, were
sampled randomly from municipal population registries in the same
area as the hospitals. AII registries supplied names and addresses
of women, who were subsequently invited by a letter that explained
the aim, design, and procedures of the study and asked for
participation in the 2-h interview at home. when a woman did not
respond within 2 weeks, she rdas called (up to 3 times) or visited
(once). Eight subjects appeared to be ineligi-ble and 11 could not be
reached, Ieaving 529 control subjects. A total of 223 subjects (42%)
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immediately agreed to cooperate, 66 subjects 1.72%) aqreed after the
telephone calL, while 89 subjects (17%) were willing to return a
shortened mailed questionnaire. The remaining 151 subjects (29%)
refused any form of participation. Thus, a total of 289 controls was
included in the data analysis.

Data CoTTection

Cases and controls were interviewed by two well-trained, registered
dietitians in a 2-tr home visit. Cases were interviewed 3-6 months
after hospital discharge when they were feeling well again (e.g.,
not during chemotherapy treatment). To exclude the possibility that
altered food habits occurring after diagnosis would influence the
results, the interview of the cases referred to the 12-month period
before diagnosis. Interviewing the controls started 3-4 months
before the case interviews and referred to the l2-month period
preceding the interview date, i.e., the interviews with cases and
controls covered the same period of time.
To obtain data on average daily food consumption, a structured
dietary history interview was conducted covering the complete
di-etary pattern. Consumption frequency and amount were recorded for
aII of the 236 items in the questionnaire, which included al1 major
dairy products used in the Netherlands. In order to obtain an
accurate quantification of the usual amounts ingested, portion sizes
of the most frequently used household utensils were measured in the
kitchen at the end of each interview. This included measurement of
the fluid content of cups, glasses and small dishes used to consume
milk and yogurt. Average daily intake of fat and other nutrients was
calculated with the standardized Dutch Uniform Encoding system (2t)
and the l9A4 release of the computerized Dutch Nutrient Data Bank
(22). The questionnaire also addressed stability of food habits,
smoking habits, demographic and socio-economic characterj-stics,
reproductive history, previous breast diseases, oral contraceptive
and other hormone use, and prediagnostic weight. In addition,
anthropometry was performed, toenail clippings were collected and a
blood sample was drawn (for cases before surgery).

Data AnaLysis

In this analysis emphasis was on three groups of dai_ry products:
fermented milk products (i.e., yogurt, buttermilk, curds and kefir);
Gouda cheese; and mi-1k (i.e., skimmed, partly skimmed and full-cream
milk;. Consumption of several milk products and fat intake rtrere
compared between cases and controls among the women aged 25-44 and
those aged 55-64. Since the differences were similar in both age
groups, the overall difference of means and their 95% confidence
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intervals are presented. In further analyses the intake of dairy
products was expressed in 9, either in categories of 20 or 75 g
(half a glass) or as continuous variables. odds ratios and their 95%

confidence intervals were calculated, with adjustment for age using
indicator variables ( categories: 25-39 t 40-44, 55-59 and 60-64
years ) . Potential confounders were controlled individually and
simultaneously by means of multiple logistic regression. The
following variables were considered as potential confounders: age,
dj-etary fat intake, alcohol intake, history of benign breast
disease, first- and second-degree familial history, smoking habits,
educational level of the woman/ use of oral contraceptives, age at
menarche, age at first full-term pregnancy, parity, body mass index
and geographical area.

Results

Age-adjusted odds ratios and 95% confidence intervals for major risk
factors of breast cancer are shown in Table 1. Although none of
these variables had a significant impact on the risk of breast
cancer in this study, the direction of most associations is as
expected.
The consumption of fermented milk products was significantly higher
among controls than among cases (Table 2). The differences were in
the same direction in both the younger (25-44 yr) and older (55-64
yr) age group (data not shown). Although cases also consumed slight-
Iy less Gouda cheese and milk than did controls, these differences
were not statistically significant.

As compared to nonusers/ the age-adjusted odds ratio of consumption
of more than 1.5 glasses (> 225 g) of fermented milk was 0.5O (95e"

confidence interval O .23 - 1.08 ) / but slightly exceeded 1.00 for
Iower levels of consumption (Table 3 ) . This result was not
materially affected by multivariate analysis. When fermented milk
was included as a continuous variable (in g) in the Iogistic
regression model, the odds ratio of breast cancer expressed per
225 g fermented milk daily (one and a half glass versus none) was
0.63 in both the age-adjusted and multivariate model and the
corresponding 95% confidence intervals did not include 1.00.
Consumption of Gouda cheese showed a lower odds ratio at higher
intake, but this association was not statistically significant.
However, since fat intake was associated with both the consumption
of Gouda cheese (Pearson coefficient of correlation = 0.34) and
breast cancer (Table 2), LL might have obscured a protective effect.
Indeed, in multivariate analysis the association became more
pronounced, and in the model specifying Gouda cheese as a continuous
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Tabfe 1. Age-adjusted odds ratios and 95% confidence interval for
major risk factors of breast cancer, for 133 inci_dent cases and
289 population controls.

Risk factor Level
Odds
ratio

95% confidence
interval

Age at menarche (year) < 721
13-14
>15

1

0

0

1

0
1

1

1

0

1

1

00
79
60

00
96
l4

00
42
62

00
65

o.4B-7.27
o.32-L.72

Age at first fuII-
term pregnancy (yr)

nulliparous t
<26
>26

0.51-1.80
o.60-2.L7

Parity (no.
of children)

nulliparous r

t-2
>?

o.76-2.64
o.37-7.22

First-degree
familial- hi-story

negative 1

pos j-ti-ve 0.81-3.33

Second-degree
familial history

negative I

positive
1.00
L.12

History of benign
breast disease

negative t

positive
1.00
1. 13 0.57-1-90

Use of oral
contraceptives

never 1

ever
1.00
1.07 0.64-1.78

Body mass index
(kg/m')

s30 1

>30
1.00
1. 18 o.63-2.22

Educational level Iow I

medium
hiqh

1.00
1.06
L.46

0.65-1.73
o.79-2.6A

No. of cigarettes
smoked daily

01
1- 10
>11

1.00
0.99
L.4t

0.59-1.65
o.87-2.47

Reference category.

99

L.OO-2 .97



MiIk product
% nonusers
Cases Con-

trols

Intake among users 1

Cases Controls Difference z

(9s% cr)
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Table 2. Consumption of milk products and fat intake of
cancer cases and 289 control subjects.

133 breast

Fermented milk
Yogurt
Buttermilk
Curds
Kefir
Total 3

Gouda cheese
Milk
Total fat intake

JZ

59
11
99
27

JJ

54
BO

100
27

64
106

18
a4

116

55
92
1B

4
100

74 !
150 t
30f
86t

L5t !

10
130
66

10
44
72

2

47

( -7, 26)
( 6t A2)
(-72,36)

I
+

+

+

+
0
144 ( 9, 72)

5 3

28 24

1,q + )'7

189 1 154
100 t 36

43!29
203 t B0
92t30

4 ( -2, 10)
14 (-27, 56)
B( 7,74)

I Mean + standard deviation (S/day) among users only.
2 Mean difference (95e" confidence interval) among users only.
3 Sum of fermented milk products: yogurt, buttermilk/ curds and

kefir.
* Not applicable.

variable the association became statistically significant (Table 3).
Consumption of milk was not significantly associated with the odds
ratio for breast cancer in either the age-adjusted or the
multivariate modeI.

Discussion

Our results suggest that consumption of a high amount of fermented
milk products may have a protective effect on the risk of breast
cancer. After allowance for fat intake, a similar relationship was
observed for couda cheese, which is also a cultured milk product. No
statistically significant relationship was observed between
consumption of milk and breast cancer.
Until now, only one epidemiological study (4) has addressed the
consumption of a fermented milk product, i.e. yogurt, in relation to
breast cancer. In most studies conducted so far, no distinction has
been made between fermented and nonfermented dairy products. In our
study, we distinguished different types of milk products, we
inquired about consumption frequency and number of glasses or
dishes, we actually measured the contents of relevant household
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utensils, and we conducted analyses using average daily intakes with
and without adjustment for total fat intake and other potential
confounders.
we considered whether the inverse association with fermented milk
products might be explained by confounding or other sources of bias.
Adjustment for a large number of breast cancer risk factors ( see
'Subjects and Methods' ) / and the most widely discussed dietary
factors with regard to breast cancer/ i.e., fat and alcohol intake
(23,24), however, did not appreciably affect the results.
Furthermore/ it was considered that response could be related to
socioeconomic status and food habits. Ho\r/ever, when intake of
fermented milk of cases and controls was stratified according to the
educational level of the women (who generally buy and prepare the
food) or their partners, cases consumed Iess fermented milk products
than controls in aII strata. Results of the multivariate analysis
were similar when education level of the partners (rather than the
\"/omen) was included in the model. FinaIIy, no major differences were
observed between partial 1n=89) and complete responders (n=289,' see
'Subjects and Methods')/ neither with regard to age, age at first
fulf-term pregnancy, parity, height, weight and body mass index/ nor
with regard to fat content of milk products and food items used on
bread, usual consumption of bread, e99s and fish.

The inverse association between consumption of Gouda cheese and
breast cancer seems to disagree with the results of L6 et aI. (4) ,
who observed a positive association with the frequency of
consumption of French cheese. Their data, however, required
extensive classj-ficatlon of many types of cheese, while our analysis
could be restricted to Gouda cheese, accounting for more than 90% of
total cheese consumption in our study population. Moreover/ the
inverse association appeared after adjustment for total daily fat
intake, which was not taken into account by L6 et aI. The
association, however, can also partially be attributed to the small
number of nonusers and was weakened when educational level of the
partner linstead of the women), was included in the mul-tivariate
model (data not shown;. Because microorganisms used in fermentation
of Gouda cheese are similar to those in some other fermented milk
products, this association is in line with the study hypothesis.
Biological evidence supporting the hypothesis that fermented milk
products may protect against breast cancer points to Iactic bacteria
interfering with the enterohepatic circulation ( 13-17 ) or
stimulating immunological activity (6,18,19). Lactobacillus
bulgaricus and Streptococcus thermophilus play an important role in
the production of yogurt, while other Iactic acid bacteria
(Streptococcus spp. and Leuconostoc spp.) are used in the production
of buttermilk and Gouda cheese (25,26). I1 our data, the Iowered
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Table 3. Relation between consumption of fermented milk products
(sum of yogurt, buttermilk/ curds/ kefir), Gouda cheese, and milk
and breast cancer for 133 cases and 2a9 population controls,
assessed by age-adjusted and multivariate logistic regression.

Percentage of Odds ratio (95% confidence interval)
Amount
consumed Multivari-ate ICases Controls Age-adjusted

Fermented
milk products
Non users

0-7sg
75-150 g

750-225 g
>2259

Per 225 92

27
35

74
9

1.00
1.29
7.72
1 

'O
0.55

2t
2B
20
13
1B

00
.25

.50

1

1

1

1

0

10
74

(o .7 o-2 .24)
( 0 .58-2 .09 )

(o .s5-2.31 )

(0.23-1.08)

(o.69-2.42)
(o.56-2.25)
( 0. s9-2 .83 )

(o .24-L.21 |

0.63 (0.42-0.93) 0.63 (0.41-0.96)

Gouda cheese
Non users

o-2O g
2o-4O q
40-60 q
>6og

Per 60 92

5

25
32
23
16

3

23
30
23
27

1.00
o.76
0.81
0.75
0.63

1.00
0.53
o .49
0.41
o.26

(o.24-2.42)
(o.26-2.s3\
(o.23-2.44r,
( 0.19-2 .11 )

(0.15-1.89)
( 0. 14-1.76 )

(0.11-1.s2)
( 0.07-1.0s )

o.83 ( 0. s2-1.31 ) 0. s6 ( 0.33-0.95 )

MiIK
Non users

0-759
75-150 g

750-225 g
>2259

2B
1a

11
15
24

24
2L
74
t7
23

1.00
0.95
0.68
o.7 4
0.91

1.00
1.08
o.69
o. B6
o. B2

(o .s2-\.7 4\
(0.33-1.39)
(0.38-1.43)
( 0. s 1-1.63 )

( 0.56-2 . 10 )

(0.31-1.51)
(0.41-1.81)
( 0.43-1.57 )

Per 225 92 0.86 (0.65-1.1s) 0.81 (0.s9-1.12)

1 Adjusted for age, fat and alcohol intake, history of benign breast
disease, first- and second-degree familial history, number of
cigarettes smoked daily, womans educational level, ever use of
oral contraceptives, age at menarche, age at first full-term
pregnancy, parity, body mass index, geographic area.

z Derived from the logi-stic regression model, with intake specified
in g. An average cup of milk contains about 150 g.
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odds ratio at high intake of fermented milk can be attributed, to a
Iarge extent to buttermilk (Table 2\. For Gouda cheese, with an
initially higher concentration of live bacteria, the decreased odds
ratio was observed at a Iower intake. Since the number of Iive
bacteria in Gouda cheese decreases considerably during storage this
suggests that the protective effect of fermented milk products might
not be limited to live Iactic acid bacteria from yogurt/ but could
extend to the microorganisms (not necessarily live) in these other
fermented products.
In conclusion, our results are in agreement with the observations of
LA et al. (4), and support experimental research suggesting
favorable effects of Lactic acid-forming bacteria on the intestinal
microflora and the immune system. The suggested protective effect of
a high intake of fermented milk products (including Gouda cheese) on
the risk of breast cancer needs to be substantiated by further
observational and experimental research.
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Chapter 7

DIETARY FIBER, BETA-CAROTENE AND BREAST CANCER:
RESULTS FROM A CASE-CONTROL STUDYl

Pieter van 't Veer, Corine M Kolb, petra Verhoef, Erans J Kok,
Evert G Schouten, RudoTph JJ Hermus, Ferd Sturmans.

Abstract

To study the association between dietary fiber, beta-carotene and
breast cancer the averagre daily intake of these dietary components
hras compared among 133 incident breast cancer cases and 238
popurati-on contrors. Average daily intake of cerear products, fruit
and vegetabres was a.rso studied. A statisticarry significant rower
energy adjusted intake of dietary fiber was observed in cases
compared to controls (mean t standard deviation: 25.4 ! 6.7 g versus
27.7 ! 7.4 9,95 per cent confidence interva1 (CI) of the age_
adjusted difference = -3.8, -o.B). rntake of beta-carotene was
simirar for cases and contrors. The murtivariate adjusted odds ratio
(oR) of breast cancer among women i-n the highest quartile of intake
of cerear products, as compared to those in the rowest quartire was
o-42 (95% cr : 0.79 - o.92) and the trend was stati-sticarry
significant (p=0.03). The corresponding oR for intake of dietary
fiber was 0.55 (95% cr = 0.26 - L.771 but the trend was not
statisticarry significant. The oR for the highest quartile of intake
of beta-carotene, fruit, vegetabres, and all vegetabre products
combined was ress than unity, but there was no significant j-nverse
trend -

These results suggest that high intake of cereal products,
especiarry those rich in fiber may be inversely rerated to breast
cancer.

Introduction

Fat and energy intake have been emphasized as etiorogicar factors
increasing the risk of breast cancer (lr2l, but the biorogicar
mechanism has not been erucidated (3,4). other dietary components,
not contributing to energy, e.g., dietary fiber and beta-carotene,
have been suggested to reduce cancer risk ( 5-7 ) . rn a case-control
study in rsrael, Lubin et ar. found that a high intake of dietary
fiber was associated with decreased risk of breast cancer (g). From
a case-control study in Austraria an inverse associati-on between

International Journal of Cancer 1990 ( in press ) .
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j-ntake of beta-carotene and breast cancer risk was reported ( 9 ) . It
is supposed that dietary fiber could influence breast cancer risk by
modifying oestrogen metabolism ( 10-13 ) . Beta-carotene may protect
against breast cancer either directly through its antioxidant
function or indirectly through its provitamin A activity (6,J.4).
In this case-control study the relation between breast cancer and
intake of dietary fiber, beta-carotene and their major dietary
sources (cereal products, fruit and vegetables ) has been
invest igated.

Subjects and methods

Study population

Dutch Caucasian women, 25-44 and 55-64 years of age, residing in the
middle and southern part of the Netherlands were eligible for the
case-control study. In order to address additional hypotheses, case-
ascertainment included preoperative blood collection as weII as
interviews after hospital discharge. Consequently, study procedures
were complicated and cooperation was obtained from 17 of 35

hospitals in the study area, covering 55 percent of hospital
admissions. Non-cooperation among surgical units was related to
matters of privacy and feasibility of study procedures. It seems
unlikely that these factors are related to dietary factors in the
study population residing in the hospitals'catchment areas.
Moreover, coverage of case recruitment was independent of age and
degree of urbanization of residence. During 1985-87, 168 newly
diagnosed eligible breast cancer patients were enrolled, either by
cooperating surgeons or by regional cancer registries. of these
patients 80 percent (134 women) were willing to cooperate. Data from
one case were considered unreliable and excluded from the analysis.
Population controls (n=548), with age distribution similar to the
cases, were sampled from the municipal population registries in the
same area as the cooperating hospitals. Complete interview data were
obtained from 289 controls. Since the dietary questionnaire
initially did not completely cover sugar intake 1no questions were
asked concerning sugar added to coffee and tea or soft drinks),
51 controls with incomplete data on energy intake were excluded,
Ieaving 23A controls for data analysis. In order to evaluate
representativeness of the control group, the entire control sample
was asked to complete a short postal questionnaire. This
questionnaire was returned by virtually a1l responding and 89 of the
non-responding controls.
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Data coLlection

During 1985-1987 the breast cancer cases and controls were
interviewed by two werr-trained, registered dietitians in the course
of a two-hour home visit. Most cases (91%) were interviewed within
six months of diagnosis. No interviews were conducted during periods
of chemotherapy treatment. To assess average daily food intake, a
structured dietary history interview was conducted comprising 236
separate food items including all major vegetable products used, and
referring to the twelve-month period preceding diagnosis (for cases)
or interview date ( for controls ) . In order to check the reported
consumption frequencies of vegetable products, their cumulative
frequency was compared with the reported frequency of hot meals
containing these products, and adjusted accordingly. The content of
the most commonly used household utensils (spoons, cups/ glasses,
dishes) was measured to obtain a more accurate quantification of the
portion sizes. Average daily nutrient intake was calcurated using
the 1984 release of the computerized Dutch Nutrient Data Bank ( 15 ) .
Beta-carotene intake was carcurated as six times the amount of
retinol provided by fruits and vegetables.
rn addition to dietary habits, the questionnaire arso addressed
smoking habits, demographic and socio-economic characteristics,
reproductive history, history of previous breast diseases, use of
oral contraceptives and other hormones, and pre-diagnostic weight.

Reproducibility and vafidity of dietary assessment

fn order to assess the reproducibility of nutrient intake as
estimated by the interview, it was repeated in a sample of 39
subjects one year after the first interview. Arthough true changes
in diet might have occurred, mean intakes of retinor equivarents and
dietary fiber differed ress than 2% between both occasions, and the
Pearson coefficient of correration for retinor equivarents and
dietary fiber was 0.52 and 0.65, respectivery. varidity was assessed
by comparison of dietary intake and plasma concentration of
carotenoids and retinoids in contrors (Tabre 1). Beta-carotene
intake was positivery associated with prasma concentrations of beta-
carotene and total carotenoids, supporting the validity of the
questionnai-re and of the food tables used. No statisticarly
significant association was apparent with prasma retinol. Moreover,
as expected in a population with adequate vitamin A supply no
association was observed between dietary and plasma retinol (16)
(data not shown).
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table 1. Relation between carotenoids and retinol- in diet and plasma
of controls.

Dietary intake of
beta carotene

Plasma concentration (ymol,/l) of
Beta-carotene Carotenoids Retinol

1n=149) (n=118) (n=148)

s 1.5 (

1.s - 2.0 (

2.O - 2.8 (

> 2.8 (

L.2
7.1

mg
mg
mg

mg

o.2B
0.31
0.30
o .43

(0.04 ) ,
(0.0s)
(0.03)
( o.0e )

1.35
1.33
1.14
1.88

( 0.0e )

(0.12)
(0.10)
(0.20 )

1.51
1.51
7.69
1.7 0

( 0.07 )

( 0.07 )

(0.07)
(0.06)

2.4

Pearson coefficient
of correlation 0.55 3 0.453 0. 10

Categories similar to Table 3; mean intake in categories in
parentheses.
Mean (standard error of the mean).
p < 0.05.

Data anaTysis

Crude mean intake (and standard deviation; were calculated for cases
and controls and age-adjusted differences of means and their 95%

confidence intervals were obtained from multiple regression
analyses. In order to obtain estimates of the relative odds,
categories of dietary variables were formed, based on quartiles of
the distribution of intake in controls. Age-adjusted and
multivariate odds ratios and their standard errors were derived from
Iogistic regression analysis. The following risk factors of breast
cancer were considered as potential confounders: history of benign
breast disease, first and second degree of family history, smoking
habits, educational level, ever use of oral contraceptives, age at
menarche, age at first full-term pregnancy and/or parity, body mass
index, energy intake, alcohol intake, and geographical area. Most of
these variables were weakly associated with breast cancer, but the
direction of most associations was as expected (Table available upon
request ) . when these variables were added to the logistic model
either separately or simultaneously, energy intake appeared to be
the only important confounder. Linear trend in the odds ratios b/as

tested by scoring the quartiles 1 to 4, and entering this score as a
continuous variable.
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Results

Average daily intake of energy, dietary fiber, beta-carotene and the
major vegetable food groups is shown i-n Table 2. Although energy
intake of cases was higher than that of contrors, the intake of the
vegetabre constituents and food groups tended to be lower among
cases. The age-adjusted difference for the absolute intake of
dietary fiber was of borderrine significance. when energy intake was
taken into account, however, the 95% confidence intervar did not
incrude the nurr-varue. The intake of beta-carotene was simirar for
cases and contrors, whether or not energy intake was taken into
account. rn the study population, the average dairy intake of
dietary fiber was accounted for by cereal products (35%)/ vegetabres
(27%) and fruit (2o%). vegetabres were the major source of beta-
carotene, accounting for 89% of daily intake, while fruit accounted
for the remaining 11%. Arthough cases tended to have rower mean

Tabre 2. rntake of energy/ dietary fiber, beta-carotene and
vegetabre products in breast cancer cases and popuration controls.

Cases
Dietary factor (n=133)

Controls
(n=238)

Age-adjusted
difference

Energy (kcal)

Dietary constituents:
Dietary fiber (g)
Beta-carotene (mg)

Bnergy adjusted:
Dietary fiber (g;
Beta-carotene (mg)

2277 ! 5B9L 2Lt4 ! 522 726 (L3, 240\2

25 .7 ! 6.9
2.2 ! L.5

27.7 ! 7 .4
2.3 ! L.3

25.4 ! 6.7
2.2 ! 1.5

27 .5
2.3

0.3 )

0.3 )

3)
3)
2t)

r 8.4
I 1.3

-7.s (-3.2,
0.0 ( -0.3,

-2.3 (-3.8t
-0.1 (-0.4,

-0.8 )

o.2)

Food groups (g):
CereaI products
Fruit
Vegetables
TotaI vegetable
products (g) 3

143 ! 52
799 ! 12A
307 t 105

154 r 61
230 I 161
311 1 111

-9
-29

)

(-21,
(-62,
(-26,

649 ! 162 695 ! 223 _47 (_85, 2)

Means + standard deviation.
95% confidence interval in parentheses.
total of cereal products, fruit (fresh and canned) and
( including potatoes) .

vegetables
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intakes, especially for cereal-s and fruit, the age-adjusted
differences h/ere not statistically significant. Bread consumption
accounted for about 90% of the intake of cereal products, whereas
other cereals (e.9., rice, pasta) accounted for about 10% only. The
age-adjusted case-control difference for bread was -3.6 g/day (95%

confidence interval CI = -15.1, 8.0), while this was -5.5 q/day 195e"
CI = -11.6, O.7) for other cereals products.
Estimates of the relative odds of breast cancer for quartiles of
intake of dietary fiber, beta-carotene and vegetable products are
shown in Table 3. A decreasing trend was observed with increasing
intake of dietary fiber (C\Lz--2.7L, p=0.10). The age-adjusted
relative odds of breast cancer among women in the highest quartile
of dietary fiber intake as compared to women in the lowest quartile
was 0.71 (95% CI = 0.37 - 1.36); the corresponding multivariate odds
ratio was 0.55 (95e" CI = 0.26 - 1.17). For beta-carotene the aqe-
adjusted relative odds for the highest versus the Iowest quartile of
intake was 0.73 (95e" CI = 0.38 - 1.38), which was reduced to 0.63
(95e" CI = 0.31 - 1.26) upon multivariate analysis, but the trend was
not statistically signifi-cant. Because of the common dietary
sources, there was a positive correlation between the intake of
dietary fiber and beta-carotene (Pearson coefficient of correlation
r=O.42 among controls, p<0.001). However, when entered
simultaneously in the multi-variate logistic regression model (both
of them represented by three indicator variables ) , their odds ratios
remained nearly unchanged.
For women j-n the highest quartile of intake of cereal products, the
age-adjusted odds ratio was 0.67 (95? CI = 0.34 - L.29); the
multivariate odds ratio was 0.42 (95?" CI = 0.19 - 0.92) and the test
for trend was statistically significant. For the intake of fruit and
vegetables, no statistically significant decreasing trends were
observed. For all vegetable products taken together/ the
multivariate relative odds of breast cancer for the highest versus
the lowest quartile was 0.63 (95e" CI = 0.30 - 1.32), but the trend
did not reach statistical significance.

Discussion

In our case-control study, we observed an inverse association
between intake of cereal products and, possibly, dietary fiber with
breast cancer. Except for vegetable consumption, the odds ratio in
the highest quartile of consumption was below unity for all dietary
factors considered. Although no inverse trend was observed, this
pattern became more pronounced when other risk factors of breast
cancer were taken into account in multivariate analysis.
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Table 3. Odds ratio (OR) of breast cancer for quartiles of intake of
dietary fiber, beta-carotene and vegetable products, in 133 breast
cancer cases and 238 population controls.

Dietary factor 11

Level of consumption
234

x2 trend
( p-value )

Dietary fiber
no of cases/controls
age-adjusted OR

multivariate OR2

Beta-carotene
no of cases/controls
age-adjusted OR
multivariate OR2

CereaI products
no of cases/controls
age-adjusted OR

mul-tivariate ORz

Fruit
no of cases/controls
age-adjusted OR

multivariate OR2

Vegetables
no of cases/controls
age-adjusted OR

muftivariate OR2

33/se

1.00
1.00

1.04
0.98

36/60 22/59

0.71
0.55 2.71 (0.10)

1.47 (O.23)

4.99 ( O.03 )

0.BB (0.3s)

34/ 59
1.00
1 .00

36/60
1 .00
1 .00

42/60

7.24
1.34

43/60
L.25
L.25

29/62
0.73
0 .82

31 /60
L.L2
1.09

24/sg
0.73
0.63

38/60
7.20
1.08

32/se
0 .93
0 .87

22/s9
o .67
o .42

47 /6736/57
1.00
1.00

60
00
00

7.21
1.33

34/60
1.72
1.03

2t/58
0.56
0.55

32/s9
l. L]
0 .86

2e/
1.
1.

34/se
1.30
1.08 0.19 ( 0.66 )

Total vegetable products
no of cases/controls 34/59
age-adjusted OR 1.00
multivariate OR2 1.00 2.25 (O.13)

Reference category/ Iowest consumption category.
Adjusted for dge, history of benign breast disease, first and
second degree of family history, number of cigarettes smoked
daily, educational level, ever use of oral contraceptives, age at
menarche, age at first full-term pregnancy/ body mass index,
energy intake and alcohol intake.
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We considered whether the inverse association with dietary fiber and
vegetable foods might be explained by confounding factors or other
potential sources of bias. First/ the intake of dietary fiber was
positively associated with fat and energy (Pearson r in controls is
0.32 and 0.48 respectively). Despite their higher energy and faL
intake, however, cases used on average Iess dietary fiber and
vegetable foods. Moreover/ when energy intake was taken into account
in multivariate analysis, odds ratios in the highest intake
categories decreased for alI variables considered. Second, we
compared dietary and life style factors in responders and non-
responders in the control group, together representing 7Le" of the
initial sample from the municipal population registries. Daily
amount of bread was similar for responders and non-responders (3.9
and 4.0 slices per day)/ but responders tended to prefer whole meal
bread (p=0.07), which may have slightly strengthened the inverse
association with dietary fiber. Furthermore, daily intake of fat
from dairy products and food items on bread, and consumption
frequency of eggs and fish was similar i-n responders and non-
responders, and no differences were observed with regard to age, age
at first fufl term pregnancy, weight, height and body mass index.
Therefore, Iife style and risk profile of responding and non-
responding controls are considered to be similar.
Previous case-control studies have also suggested an inverse
association between breast cancer risk and intake of dietary fiber.
fn Israel/ Lubin et aI. reported that consumption frequency of
fiber-rich foods \das inversely associated with breast cancer,
especially at high levels of fat and animal protein intake (B). In a
case-control study in Australia/ Rohan et aI. found a Iowered odds
ratio for breast cancer at high dietary fiber intake compared to the
lowest quintile (9). ALthough our study was of limited size, results
for cereal products and dietary fiber may reflect the same
association as in these other studies.

The biological mechanism explaining the inverse association between
dietary fiber and breast cancer is essentially based on its
potential effect on the intestinal microflora, Ieading to altered
production and conversion of steroids (L2,71 ) ) and fiber related
lignans ( 18 ) . This affects the pattern of faecal excretion of these
substances (10,11) and, possibly, the oestroqenic stimulus to the
breast ( 12 ) . Dietary fiber may influence the concentratj-on of
intestinal- oestrogens and (prelcarcinogens by sequestrating biliary
oestrogens (19), increased faecal mass by water binding properties
of cereal fiber, and altered enzymatic activity of the colonic
microflora by fermentable fiber from fruit and vegetables (2Ot2l\.
One can speculate that the inverse relation of breast cancer with
cereal products rather than fruit and vegetables, may be related to
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their different chemical characteristics. In order to substantiate
this, however, more quantitative information is needed on the effect
of dietary factors on intestinal- steroid metabolism, on specific
fiber content of foods, and on val-idity of dietary methods wit.h
respect to specific food groups.
Beta-carotene may protect against breast cancer either directly
through its anti-oxidant function (74 | 22) or indirectly after
conversion into retinol (vitamin A activity) (6,23\. Both biomarkers
and dietary intakes have been used to evaluate the beta-carotene
hypothesis in epidemiological studies. The relation between dietary
intake and plasma levels of carotene is generally weak, however
(24), and study results may depend on the method used for beta-
carotene assessment. Wald et aI. reported a tendency to Iower plasma
Ievels of beta-carotene in women who subsequently developed breast
cancer (25). Willett and colleagues did not find Iowered plasma
carotenoids in future breast cancer cases compared to controls,
either before or after lipid adjustment (22). In a case-control
study in Australia, Rohan et aI. observed an inverse association
between int.ake of beta-carotene and breast cancer ( 9 ) . In our study
population, a lowered odds ratio (OR = 0.63) was observed in the
upper quartile of beta-carotene intake, in which plasma beta-
carotene was i-ncreased as weII. Dietary beta-carotene was also
positively associated with totaf plasma carotenoids and (weakly)
with plasma retinol, however. Thus, the observeC association with
disease may also be attributed to other factors associated with
beta-carotene intaker e.9. plasma retinol (Table 1) or constituents
of a vegetable rich diet.

In conclusion, our results suggest that a diet rich in vegetable
products may lower breast cancer risk. Although this association was
most clearly observed for cereal products, a possible protective
effect of other constituents of vegetable products cannot be
excluded. Biological explanations for a protective effect of
vegetable products are generally based on a possible relation
between fiber and oestrogen metabolism, or the anti-oxidant capacity
of carotenoids. In addition to dietary assessment, future
epidemiologic research on diet and cancer, wiII need both clinical
experiments on specific dietary components (26), and more extensi-ve
use of biomarkers of exposure in observational studies.
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Chapter 8

ALCOHOL DOSE, FREQUENCY AND AGE AT FIRST EXPOSURE IN
RELATION TO THE RISK OF BREAST CANCER1

Pieter van ,t Veer, Frans J. Kok, RudoTph J.J. Hermus,
Ferd Sturmans.

Abstract

Habitual alcohol consurnption, in terms of dose and frequency,
average daily intake, as well as drinking alcohol at age 25 were
compared between 120 incident breast cancer cases and 164 popuration
controls in the Netherlands. Dietary and life style factors, past
and present alcohol consumption were established in 1985-1997 in
home interviews.
In premenopausal women a protective effect of low alcohol
consumption (1-4 g/dayy as compared to non-drinkers r.lras suggested.
The multivariate adjusted odds ratio (OR) comparing women drinking
z 30 g with women drinking 1 to 4 q alcohol daily was 8.5 (95%
confidence interval: Cf:1.1 - 65.1). The OR for a dose of alcohol
of > 15 vs 1-14 g was 4.0 (CI = 1.0 - 15.6) and for drinking more
versus less than 3 times a week t.he OR was 2.8 (CI:0.8 - 9.9).
rn postmenopausar women no association was observed bet\,,/een recent
drinking habits and breast cancer risk. In these women/ however, the
adjusted OR for drinking alcohol before the age of 25 was 2.4
(cI = 1.0 - 5.6).
Although causal inference is hampered by cultural aspects of
drinking habits, the results suggest that moderate drinking does not
increase risk. Drinking more than 30 g daily or a high dose may
enhance risk in premenopausal women. Furthermore/ an earry start of
drinking arcohol may increase the relative risk for breast cancer
even beyond menopause.

Introduction

Epidemiologicar studies have reported an increased risk of breast
cancer of about 50 to 100% at an alcohol consumption of 10 g daily,
€.9., about one glass per day (1). The alcohol-breast cancer topic
was introduced by two cross-cultural studies (2,3\ and one case-
control study using inter-cancer comparisons (4). The key article of
Rosenberg et ar. (5) vnas soon folrowed by four negative case-contror
studies/ three of these using incident cases and hospitar contrors

International Journal of Epidemiology 1989;18:511-7.
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Study popuTation

This study was conducted in 1985-1987. The recruitment of cases and
controfs was restricted to 25-44 and 55-64 year-old women, in order
to stratify on menopausal status. Caucasians with newly diagnosed
breast cancer and Dutch nationality/ were eligible. A total of 168
such cases were identified from 17 hospitals and of these 134 (80%)
participated in the study. The diagnosis was histologically
confirmed in 96% of the cases. Population controls (n=548) were
sampled from the municipal population registry in the catchment area
of the hospitals; 19 subjects were excluded because they either did
not fulfil the eligibility criteria (n=B), or because of an
incorrect address (n=11). Two hundred and eighty nine (55%) control
subjects participated, with eligibility criteria, age distribution
and period of investigation similar to the cases. fn order to
evaluate uniformity of the control group, A9 (37%) of the non-
responding controls completed a postal questionnaire. No major
difference were observed between responders and non-responders with
regard to age, age at first full-term pregnancy/ parity, weight,
height and body mass index.

L20

(6-8), the other one prevalent cases and population controls (9).
Since then, both hospital (10-14; and population-based case-control
studies ( 15, 16 ) as well as cohort studies have been published
(77-2O )/ generally with positive findings.
The pathobiological action of alcohol, if any, is not necessarily
related to the average daily intake, and frequency and dose may act
differently. Regular mild drinking may exert effects dissimilar to
those caused by 'binge' drinkinS (21) and moderate alcohol
consumption may be beneficial in refation to cardiovascular disease
in men (22 ). Alcohol may affect fat and hormone metabolism, vitamin
and micronutrient status, the functioning of proteins and eicosanoid
metabolism (23) resulting in either beneficial or harmful effects on
breast tissue. Besides an increased breast cancer risk due to recent
alcohol consumption, results of three case-control studies
(10,15/16) have suggested harmful effects of alcohol exposure at
younger dger possibly because of higher susceptibility of breast
tissue.
We have compared habitual alcohol consumption, both in terms of dose
and frequency, and in terms of average daily intake i.e., dose times
frequency, as weII as drj-nking at the age of 25t 35 and 50 years,
bet\4reen incident breast cancer cases and population controls in a
case-control study in The Netherlands.

Subjects and methods
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Data coTTection

All cases were interviewed within one year after diagnosis, 91%
within six months. No interviews were conducted during periods of
chemotherapy treatment. The interviews were carried out by two weII-
trained, registered dieticians in a two-hour home visit. The
questions on drinking habits covered the year before diagnosis
(cases) or the interview date (controls). Furthermore, the
questionnaire inquired after dietary habits,- smoking habits,.
demographic and socioeconomic characteristics,. reproductive history
and previous breast diseases,. oral contraceptive and other hormone
use,' (pre-diagnostic) weight. FinaIIy, anthropometrical measurements
were obtained/ toenail clj-ppings were taken and a blood sample was
drawn (for cases before surgery).
Habitual (recent) alcohol consumption was established according to
type ( beer, wine, spir j-ts ,. over 10 dif f erent types were
distinguished), frequency (if at l-east one drink per month was
taken), and number of glasses per day. The liquid content of the
drinking glasses used most frequently was measured at the end of the
interview. Average daily atcohol intake was calculated, taking into
account the different alcohol concentrations of the drinks and the
content of the subjects' glasses. Questions on past drinking habits
were added to the interview five months after the beginning of the
study. Because of the time interval between diagnosis and interview,
these data are available for 1.2O cases ( 90e" of interviews ) and
164 control subjects (57e" of interviews). The data on past drinking
habits were recorded as frequency and number of glasses of beer,
wine and/or spj-rits usually drunk at age 25, 35 and 50, if
applicable.

Data analysis

Analyses were carried out for pre- and postmenopausal women
separately and restricted to subjects who were interviewed on both
present and past drinking habits. Differences between cases and
controls in exposure to major risk factors for breast cancer were
tested by chi-square-, Student t-test or test for trend. Habitual
alcohol consumption was analyzed in terms of either average daily
alcohol intake or frequency and dose, the latter calculated by
dividing average daily alcohol intake by cumulative frequency of all
alcoholic drinks. Tests for effect of drinking frequency conditional
on dose, dose conditional on frequency and for a trend of the
average daily intake were carried out using indicator variables in a
logistic model. In the analyses both the traditional risk factors
(age at menarche, reproductive history, use of oral contraceptives,
history of benign breast disease, first and second degree familial
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history, education, employment and smoking habits), and diet-related
factors (energy per cent fat intake, body mass index) were
considered as potential confounders. Reproductive history was
represented by dummy variables, indicating whether or not the
subject had children and, if so, how many (7-2 or more than 3), and
at what age the first child was born (before or after age 26\. A
variable was considered a confounder if it changed the relative
risk, as estimated by the odds ratio (24), by 10% or more for any
exposure category of alcohol in either pre- or postmenopausal women.
Because drinking habits may differ between seasons and geographical
reqions, these factors were included in the multivariate analyses,-
age was included in all models.
The association of past drinking habits and breast cancer risk was
evaluated in the postmenopausal group by multiple logistic
regression analysis, controlling for the same factors as in the
previous analysis, except for the recent exposures (energy per cent
fat intake and body mass index). Additionally, the following factors
were considered as potential confounders by introducing them into
the Iogistic model (one at a time): time-integrated alcohol intake
(integrated from age 20)/ recent alcohol intake, energy per cent fat
intake and body mass index. They did not appear to influence the
odds ratio substantially. Analyses were carried out with BMDP
statistical software ( 25 ) .

Results

In the premenopausal women 9l% of the cases and 95% of the controls
had menses regulary, and 4% and 3e" of the postmenopausal women
respectively. Mean age of cases and controls was 38.3 (standard
deviation (SD) = 4.0) and 39.4 (SD = 4.3) years for premenopausal
women, respectively, and 60.2 (SD = 3.2) and 60.4 (SD = 3.2) years
for postmenopausal women/ respectively. Major risk factors for
breast cancer in cases and controls are summarized in Table 1. In
both the pre- and postmenopausal women a higher proportion of cases
than controls reported having relatives with breast cancer. Age at
first full-term pregnancy was only slightly associated with breast
cancer, but the cases were less likely to have more than three
children as compared to controls. In postmenopausal subjects, few
women had a high educational level; in premenopausal women, however,
educational level was generally higher, and associated with breast
cancer.
Premenopausal controls generally consumed more alcohol than
postmenopausal controls, both with regard to average daily alcohol
as well as dose of alcohol (Table 2). A similar difference was
observed between premenopausal cases as compared to controls. within
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Table 1. Major risk factors for breast cancer in cases and controls.

Risk factor Premenopausal women Postqgnopausal wolnen
Cases
1n=47 )

Controls
( n=85 )

Cases
1 n=73 )

Controls
1 n=79 )

Proportion of women withl
First degree

familial history2
Second degree

familial historyz
Reproductive history

Nulliparous
First birth after 26 y
Three or more children

Education Low Ievel
High Level

Employment

Current smoking
History of benign

breast disease
Ever use oral.

contraceptives

Mean and standard
deviation of:
Age at menarche
Age at first

full-term pregnancy
Body weight (kS)
Body mass j-ndex (kg/m.)
Energy intake (kcal/day)
Fat intake (S/day)
Energy % fat intake

22
25
22

15
40
38

11

19

15
23

a

30
23

49

45

2B

BO

15

22

10

74

10
46
56*

62
9

20

20

27

25

13

45
13

64
4

74

25

2L

25

5B

35

2B

B1

72.9!7.3 73.2!7.4 73.4!L.1 13.411.6

25.O!3.4
66.2!17.6
24.O!4.L
2387!677

1081 3 9

40.Lt1 .7

25.3!3.7
65.8112.5
23.9!4.9
2287 !502

97 !28
37 .9t5 .7 3

27.6!3.8 27.1!4.4
69.0111.9 77.2!10.3
25.6t4.5 26.3!3.4
2L39!554 2009!520

98134 86+313
40.5r5 .9 37 .9!6.63

1 Per cent of subjects in the exposed category.
2 For familial history, missing values (2 and 28% respectively) were

treated as having no familial history of breast cancer.
t p=0.05; Chi-square- or t-test.
* Test for trend for parity in postmenopausal women significant at

p=0.05 .
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the postmenopausal subjects such differences were not observed.
Cross-classification according to frequency and dose showed an
association with frequency and dose within premenopausal women only.
Average daily alcohol intake in the frequency by dose categories was
1.8 g in the lowest and 31.6 g in the highest category of drinkers.
Frequency and dose represented a six- and three-fold contrast in
average daily alcohol intake approximately.

Table 2. Distribution of exposure to alcohol in cases and controls.

Exposure to a1cohol Premenopausal women Postmenopausal women
Cases Controls
1n=47\ (n=8s)

Cases
( n=73 )

Controls
( n=79 )

Ex-drinkers
Non-drinkers
Current drinkers

Average daily intake 19;z

Dose of alcohol (g)2

Categories of average
daily intake (g)

Non-drinkers
o-4
5-74

L5-29
>30

Categories of
frequency by dose

Non-drinkers
Freq<3perweek,

dose < 15 g
dose = 15 g

Freq>4perweek,
dose < 15 g
dose > 15 g

01
19
81

1

11
8B

5

23
17

)

19
18

15 .0
(16.e)
79.6

( 11.3 )

11.6
(13.8)

77 .5
(12.0)

17.7
( 14. 1)
17.7
(8.7)

193
ZJ

19
26
13

L2
33
26
15
74

25
20

16
74

7

20.2
(23.7)
26.1

(23.2)

193

20
40
74
16
10

20

13
19

25
23

13

36
14
27

25

35
t2

26
79

72

7 B

22

1 Per cent of subjects.
2 Mean (standard deviation),. non-drinkers excluded.
3 Per cent of subjects, ex-drinkers excluded.
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The odds ratios for breast cancer according to categories of average
daily alcohol intake are presented in Table 3. fn the simple modet
( adjusted for d9e, season/ region) r [o clear association \^/as
observed in either pre- or postmenopausal women. Multivariate
adjustment for confounders, however, revealed an odds ratio for the
highest drinking category (> 30 g daily) as compared to the Iowest
(l-4 g daily) of 8.5 (95% CI:1.1 - 65.1) and a positive trend was
observed within drinkers (p<0.04). These statistically significant
findings disappeared, however, when both pre- and postmenopausal
women were analyzed simultaneously in one logistic model with
menopausal status included as an effect modifier (p-value for
interaction p<0. 82 ) .

Table 3. Odds ratio for breast cancer according to average daily
intake of alcohol, in pre- and postmenopausal women.

Relative risk (95% confidence interval)
AIcohol
intake ( g)

usal Postmenopausal
Simplel Multivariate2 Simplet Multivariatez

None
7-4
5-14
75-29

( 0.0-1.7 )

(0.1-2.9)
( 0. 1-4.9 )

(0.3-19.1)

( 0.3-2 .3 )

( 0.3-3.6 )

( 0.3-4.3 )

(o.2-4.s)

1.0
0.8
1.0
1.1
0.9

1.0
0.9
)-.2
1.0
o.7

1.0
0.3
0.5
0.8
z-5

1.0
0.6
0.5
1.0
o.1

Drinking vs none
.30vs7-49
Trend within
drinkers :

0.9
1.1

0.6
8.5

(o.7-2.7 )

(1.1-6s.1)
( 0.3-2 .3 )

(o.s-2.4)

p<0.04 p<0.37

t Adjusted for age, region, season.
2 Adjusted for age, region, season, reproductive history, Ievel of

education, first degree familial history, smoking habits, body
mass index/ energy per cent fat intake.

3 P-value for trend within drinkers (categories scored I,2,3 and.4\.

When drinking habits were expressed in terms of drinking frequency
and dose/ the simple model did not show statistically significant
results in either group of women (Table 4). As in the former
analysis, multivariate adjustment increased the estimates of the
odds ratio, especially in the premenopausal women. When the data of
both groups were analysed simultaneously, the interaction term of
dose and menopausal status reached borderline significance (p<0.05),
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Table 4. Odds ratios for breast cancer according to frequency of
drinking and dose of alcohol, stratified for menopausal status.

Premenopausal usal
Contrast 3 Simple 1 Multivariate2 Simple 1 Multivariate2

Frequency
Dose

7.7
o.4

1.1
0.6

z -o
4.0

7.2
2.O

( 0.8-e.8 )

( 1.0-15 .6 )

( 0.6-4.8 )

(o.2-7.2)

fnteraction
Frequency*Dose p<0.95 p<0.91 p<0.69 p<0.57

1 Adjusted for age, region, season.
2 Adjusted for age, region, season, reproductive history, Ievel of

education/ first degree familial history, smoking habits, body
mass index, energy fat intake.

3 High versus low frequency (exceeding 4 versus fess than 3 times
per week) and high versus low dose (exceeding 15 versus L-L4 ql;
both terms in model.

indicating a dose effect in pre- rather than postmenopausal women.
In this model, however, the odds ratio in the premenopausal women
did not differ significantly from 1.0 (odds ratio = 2.O; 95%
CI = 0.1 - 5.4).
In premenopausal women, a decreased odds ratio for an average daily
intake of 1-4 g of alcohol was observed (Table 3). Furthermore, the
multivariate adjusted odds ratio for subjects drinking Iess than
three times per week an amount of less than 15 g of alcohol, as
compared to non drinkers was 0.13 (95% CI = 0.O2 - L.O2). It
appeared that several risk factors in de premenopausal non-drinkers
resembled the postmenopausal rather than the premenopausal life-
style, e.9., Iower education, Iess often employed, smoked less/
Iater age at menarche, earlier first pregnancy and higher parity.
Table 5 shows the number of postmenopausal cases and controls who
reported start of alcohol use before age 25, 35, 50 or thereafter.
After adjustment for confounding, and grouping together subjects not
drinking before age 25, women who started drinking alcohol before
aqe 25 appeared to be at increased risk. This association was not
materially affected upon adjustment for either time-integrated
alcohol intake, habitual alcohol intake, energy per cent fat intake
or body mass index.
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Age at first
exposure (yr)

No. of subjects
Cases Controls

Relative risk
Crude Adjustedz
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Table 5. Odds ratios for breast cancer in
according to age at first exposure to alcohol.

postmenopausal women

< ,tr

26-35
36-50
55-64
Never
drinkers

.E

o

I]
1

20
1B

18
B 1.01

1.1
0.4
0.8
0.8

1.8
0.6
o.7
0.8

0.6-1.7 ) 3 2.4 (7.0-5.6 )

o.2-2.2\
o.2-2.3)
0.2-3.5 )

15

73
13 1.0 1 1.01 n. a
77*

I Reference category.
2 Adjusted for reproductive history, lever of education, first

degree familial history, smoking habits, age, season/ geographical
area.

s 95 per cent confidence interval in parentheses.
* Two subjects did not remember age exposure started.

Discuss ion

our results indicate that moderate drinking of arcohor/ up to three
grasses a day probabry does not increase breast cancer risk. on the
other hand, starting the use of alcohol before age 2s, or drinking
more than three grasses dairy may be associated with increased
breast cancer risk.
Because short-cut and written questionnaires on arcohor use can be
sensitive to biases and may need varidation (1g), we have used a
standardized interview method at the end of which the use of arcohor
was naturarry integrated among questions on other drinks (soft
drinks, iuices etc. ). fn contrast to most previous studies, the
interview recorded both frequency and number of grasses of arcohor;
the data were colrected by two experienced dietitians who checked
for inconsistencies in the answers, and the liquid content of the
subjects usuar drinking-grasses was measured afterwards. Thi_s
approach is berieved to reduce underreporting and miscrassification
of exposure (26). Furthermore, since the study was presented as a
study on diet, life-styre and the risk of breast cancer without any
reference to arcohor, we do not consider serection bias to be a
serious problem in our study.
Arthough a srightry reduced relative risk for breast cancer at row
alcohol intake is also suggested by several other studies (6/8,18)
it is not crear to what extent our results refrect a cohort effect
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or a biological association. The data indicate, however, that in the
Netherlands the marked increase in alcohol consumption after World
War II has been an indlcator of well being and an affluent lifestyle
(27). As compared to the postmenopausal women/ the premenopausal
cohort started drinking alcohol at a younger age and had a higher
Ievel of education. The subjects were more often employed, smoked
more, had an earlier menarche, postponed pregnancies and lower
parity. Furthermore, the premenopausal non-drinkers resembled the
postmenopausal women rather than their premenopausal counterparts.
Thus, although our resul-ts may be attributed to the paucity of data
and extensi-ve adjustment for confounding both in the pre- and
postmenopausal stratum, they may also poi-nt to the importance of
Iifestyle factors associated with drinking habits.

The increased risk associated with drinking alcohol before age 25 is
consistent with two other recent publications (10/15) and fits into
epidemiologic findings indicating the importance of exposures at
young d9€, e.g., aqe at menarche, first full-term pregnancy/
radiation and migration. In our case-control study, the association
with drinking habits before aqe 25 gradually became apparent upon
adjustment for other factors indicating early life circumstances
(education, reproductive history, first degree familial history).
This suggests that these factors are associated with some unknown
factor operating in early Iife. Like the results described by Harvey
(16) the association with early drinking habits in postmenopausal
women was more pronounced than the association with recent drinking
habits. Our analysis also suggests that adjustment for recent
dietary factors, €.9., energy per cent fat intake, does not
eliminate this result.

As the other studies, causal inference from our study is hampered by
the absence of a sound biological explanation as well as the
different sociological influences relating to alcohol use in the
population studied. In France and ltaly, drinking alcohol is
generally accepted. In ItaLy, wine is 'usually drunk during meals
from early adulthood onwards' (10). The USA have experienced an
alcohol prohibition era, and this may stilL influence the drinking
habits of the older generation (7 \ . Unlike France and ltaly,
drinking alcohol in the Netherlands is usually practised at parties,
social encounters and in the evening, rather than at meals. In
contrast to the USA (15,18), wine is the most important source of
alcohol for women in European countries ( 10/ 13 ) . In our study
population, wine was used by at least 90% of women drinking alcohol,
while beer or spirits were drunk by less than 30% of the women.
Furthermore/ our study as weII as three other European studies
included a category consuming more than 30 grams of alcohol daily
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( 10-13 ), whereas only four of eleven non-European studies did this
(8,77t19t20\.
As the habit of drinking alcohol is becoming more common in the
young, the finding of an elevated risk for breast cancer when
drinking al-cohor before the age of 25t and the positive association
within premenopausal drinkers deserves further explanation. This
observation is consistent with other factors in breast cancer
aetiology, which have their greatest impact during early Iife.
studies on the biorogical and biochemicar consequences of alcohor
consumption are needed. Epidemiologicar studies should address
Iifetime alcohol exposure speci-fied according to type/ frequency,
and dose. carefur control for socio-biorogicarly relevant factors,
e.g./ reproductive factors/ is required.
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Chapter 9

COMBTNAT]ON OF DIETARY FACTORS IN RELATION TO
BREAST CANCER OCCURRENCEl

Pieter van ,t Veert Edith M van Leer, AnneTies Rietdijk,
Frans J Kok, Evert G Schouten, RudoTph J J Hermus,

Ferd Sturmans.

Abstract

Combinations of dietary factors were studied in reration to breast
cancer occurrence among 133 breast cancer cases and 2Bg popuration
controls in the Netherlands.
Dietary factors were classified according to their possible
mechanism of action, i. e. either relating to the intestinal
microflora (total fat, fiber, fermented milk products)/ or to the
antioxidant hypothesis (beta-carotene/ serenium and polyunsaturated
fatty acids;. From six interactions evaluated, the combination of
high fiber and hiqh fermented milk products was the only one
suggesting synergistic protection (age and fat adjusted OR for
interaction = 0.48, 95% confj-dence interval (CI) = O.2I - 1.13).
rn order to estimate the extent to which the above dietary factors
together might be related to breast cancer/ subjects with a
supposedly favorable dietary pattern (Iow fat., high fiber, high
fermented milk products; high beta-carotene, high selenium, and low
polyunsaturated fatty acids ) were compared to subjects with an
unfavorabre dietary pattern. This resurted in an age adjusted odds
ratio of 0.40 (95% CI = 0.14 - 1.15), which was largely attributabLe
to the combination of low fat, high fermented milk products and high
fiber (age adjusted OR = 0.33, 95% CI = 0.15 - 0.73). The other
factors did not appreciably affect the odds ratio.
These analyses show in a quantitative way that a dietary pattern
which combines 1ow intake of fat, and high intake of fiber and
fermented mirk products might provide substantiar protection agaj-nst
breast cancer.

Introduction

Resurts of both case-contror and cohort studies have shown that diet
may play an important role in the etiology of breast cancer (1,2).
In general, individual dietary factors like total fat,
polyunsaturated fatty acids (1)f fiber, selenium/ beta-carotene (3)

1 Submitted.
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and fermented milkproducts ( 4 ) have been studied in relation to
breast cancer.
Based on two biological mechanisms we studied the association
between breast cancer and several combinations of dietary factors
using data from a case-control study. The combination of total fat,
fermented milk products and fiber was studied because these dietary
factors may alter estrogen metabolism by the intestinal microflora
( 5-7 ) . As lipid peroxidation may be involved in breast cancer
etiology, and the antioxidants beta-carotene and selenium may
prevent peroxidation of fatty acids, (polyunsaturated fatty acids in
particular) these dietary factors were eval-uated simultaneously
( 8-11 ) . First, interactions between pairs of relevant dietary
variables were evaluated. Second/ the odds ratio of breast cancer
was estimated for subjects with a supposedly favorable dietary
pattern compared to those with the opposite pattern.

Subjects and methods

Study population

The study was conducted in 1985-1987. Recruitment of cases and
controls was restricted to 25-44 and 55-64 year old women/ in order
to stratify on menopausal status. Women with the Dutch nationality,
of the caucasian race, and residing in the middle and southern part
of the Netherlands, were eligible. A total of 168 newly diagnosed
eligible breast cancer cases were enrolled in this study. Controls
1n:548)1 reflecting the age distribution of cases, were sampled
randomly from municipal population registries in the same area.
Complete interview data on the intake of nutrients were obtained
from 133 cases (response 80%) and 2a9 controls (response 55%).
Further details on recruitment of subjects have been published
elsewhere (12-1,4).

Data coTLection

Cases and controls were interviewed on dietary habits by two well-
trained, registered dietitians in a two hour home visit. Most cases
( 91% ) were interviewed within six months after diagnosis. No
interviews were conducted during periods of chemo-therapy. Data on
average daily food consumption were collected using a structured
dietary history method, covering the complete dietary pattern in the
tweLve-month period preceding diagnosis lfor cases) and interview
date (for controls). The questionnaire comprised 236 separate food
items, covering aII the meals (and their preparation), snacks and
drinks. The content of most frequently used household utensils was
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measured to obtain a more accurate quantifi.cation of the portion
sizes. In addition, the questionnaire addressed stability of food
habits, demographic and socio-economic characteristics, and
potentiar confounders. The folrowing vari-abres have been considered
as potential confounders: age, dietary fat intake, alcohol intake,
history of benign breast disease, first and second degree familial
history, smoking habits, educational level of t.he women/ use of oral
contraceptives/ age at menarche/ age at first full-term pregnancy,
parity, body mass index and geographical area ( 12-14).

Data anafvsis

Average dairy intake of the nutrients of interest was compared
between cases and controls. Age adjusted, and age and fat adjusted
case-control differences in nutrient intake were estimated by rinear
regression analysis, including age in four groups (25-39, 40-44,
55-59 and 60-64 years old) using three dummy variables, and fat as a
continuous variable (Tabre 1). rntake of fermented mirk products was
expressed as mg calcium contributed by yogurt, buttermil-k, curds,
kefir and cheese (Gouda, Edammer, Leidse). To remove the association
of totaf fat and polyunsaturated fatty acids (r = 0.71 in the
contror group) the ratter was expressed as a percentage of total fat
(except for Table 1), which was virtually independent of total fat
(r = 0.0s).
odds ratios adjusted for age and fat (if appticabre) were carcurated
by logistic regression analysis (Table 21. tn these analyses, age
was divided into two categories (25-44 and 55-64 years oId), for fat
intake the highest quartire was compared to the other quartires and
the other nutrients were dichotomized at the median.
Anarysis of the potentialty rarge number of interactions was limited
to two categories of nutrients that are supposed to be involved in
either one of the two described biological mechanisms, i.e. total
fat, fermented milk products and fiber on the one hand (three
interaction terms)/ and selenium, beta-carotene and poryunsaturated
fatty acids on the other hand (three interactions terms). For each
of these six interactions of interest, age and fat (if applicable)
adjusted odds ratios were obtained from a logistic regression moder.
In these models, the four possible combinations of each pair of
(dichotomized) nutrients were represented by three dummy variables,
one of them indicating the joint exposure category (Table 3).
Subsequently, statj-stical interaction was assessed using a logistic
model including the main effects for the two nutrients, and their
product term. Analyses were repeated for subjects aged 25-44 years
and 55-64 years separately.
FinaIIy, in order to estimate the extent to which the six dietary
factors of interest were associated with breast cancer, subjects
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with supposedly favorable dietary habits were compared to subjects
with unfavorable habits, using multivariate logistic regression
analysis, including the groups of variables of interest. The 95e"
confidence intervals were calculated taking into account the
covariance of the estimated regression coefficients. In order to
Iimit the number of possibJ-e models, a total of four age adjusted
models were considered based on the former nutrient combinations
(see also Table 4): total fat only (model 1); fat, fermented milk
products and fiber (model 2); fat, beta-carotene, selenium and
polyunsaturated fatty acids (model 3); dietary factors of model 2

and 3 simultaneously (model 4). The results are presented as odds
ratios for favorable vs unfavorable dietary habits, either adjusted
for total fat (model 2-41, or including total fat intake as one of
the unfavorable dietary characteristics (model 5-7). These analyses
were conducted with and without the interaction of fermented milk
products and dietary fiber, and they were repeated for younger and
older women separately.

Results

Average daily intake of total fat, dietary fiber, fermented milk
products, beta-carotene/ selenium and polyunsaturated fatty acids
of cases and controls are presented in Table 1, including adjusted
mean exposure differences. Average daily fat intake was

Table 1. Intake of dietary factors in 133 breast cancer cases and
289 population controls.

Mean (SD) daily
intake of

Cases
1n=133)

Controls
( n=289 )

age and fatl
adjusted difference

mean 95% CIz

total fat (g)
dietary fiber (g)
fermented milk-

products (mg Ca)
beta-carotene (mg)
selenium (pg)
polyunsaturated

fatty acids 191

( 30.4 )

(8.3)

s (329)
2 (7.2)
1 (13.1)

-6)
0.3 )

0. 1)

9.73 (3.Ot 16

-1.9 (-3.5/ -0

( -131/
(-0.3,
(-4.O ,

92.3
27 .3

56.

3
)

459 (269')
2.2 (1.s)

s6.0 (13.0)

6852
2. 0.0

-2.O

1s.9 (8.1) L4.7 (7.0) -O.7 (-1.2, 1.0)

1 Age in four categories, fat intake continuous.
2 95% confidence interval.
3 Adjusted for age only.
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significantly higher among cases than controls (difference 9.7 g
fat/ 95% CI = 3.0 - 16.3). Therefore, exposure differences for the
other nutrients were adjusted for both fat intake and age. This
analysis showed a significantly lower intake of fermented milk
products among cases than among controls (difference = 68 mg

calcium, 95% CI:6 - 131) and of fiber (difference = 1.9 g fiber,
95% CI = 0.3 - 3.5). No statistically significant case-control
differences hrere observed for the intake of the other nutrients.
Age adjusted and age and fat adjusted relative odds for the
nutrients are presented in Table 2. The odds ratio of breast cancer
for high versus low intake of fat was 1.16 (95% CI = 1.Ll - 2.11\.
For the other nutrients, results were in Iine with Table 1, but the
confidence intervals included unity, because nutrients were
dichotomized. Introduction of dietary fat in the analyses as a
potential confounder resulted in changes of the relative odds,
corresponding to the results in Table 1.

TabIe 2. The relative odds 1 of breast cancer and their 95e"
confidence interval (CI) for different dietary factors.

Dietary factor

Odds ratio of breast cancer adjusted for:
Agez Age and fat3

oR 95% CI OR 95% Cr

total fat
dietary fiber
fermented milk

products
beta-carotene
selenium
polyunsaturated

fatty acids

(1.17-2 .7 L')
( 0. s4-1.2s )

( 0. ss-1.27 )

( 0.63-1.43 )

(0.71-1.64)

0.75 ( 0.49-1. 15 )

1

0

U

o
1

0

76
B2

o2

95
08

0.78
0.91
0 .89

(0.s1-1.19)
(0.60-1.38)
(0.s6-1.25)

.Bs (0.s6-1.29) 0.84 (0.55-1.27)

Reference categories (see also Data analysis): total fat s 108 g,
dietary fiber . 26 g, fermented milkproducts < 464 mg calcium,
beta-caroteen < 2.O mg, selenium = 55 Ug, polyunsaturated fatty
acids = 16% of total fat.
Age in two categories (25-44, 55-64 yr).
Age and fat intake in two categories each.

Interaction was assessed between the following six pairs of
nutrients: fat and fiber, fat and fermented milk products, fiber and
fermented milk products, selenium and polyunsaturated fatty acids,
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beta-carotene and polyunsaturated fatty acids, serenium and beta-
carotene. As an exampre tabre 3 shows the odds ratios of breast
cancer for the four combinations of dietary fiber and fermented mirk
products. For all cefls the odds ratios were close to unity, except
for the joint exposure to high fiber and high fermented milk
products (OR = 0.58, 95% CI = 0.32 - 1.05). The reduced odds ratio
was most pronounced in the younger age group (OR = 0.3g, g,e"
CI = 0.16 - 0.89) but also below unity in the older age group
(OR = 0.81, 95e" CI = 0.39 - 1.95), though this difference may be
attributed to chance. The age-adjusted odds ratio of the interaction
term for fermented milk products and dietary fiber ( i.e.
0.58/1.13*1.08 = O.48) was markedly below unity (95% Cr : O.27 -
1.13). After incruding selenium, beta-carotene and poryunsaturated
fatty acids in the model, these odds ratios remained quite si-mirar.
statistical interactions for the other five nutrient combinations
were of resser magnitude and did not reach statistj-cal significance,
whether adjusted for age alone or for both age and fat intake. Thus,
with the possible exception of interaction between dietary fiber and
fermented milk products, the logistic model provided a simple
description of the reration between breast cancer and the intake of
fat, dietary fiber, fermented milk products, seleni-um, beta-carotene
and polyunsaturated fatty acids, either alone or in combination.
Tabre 4 shows the adjusted odds ratios of breast cancer for subjects
with favorable versus unfavorable dietary patterns. AII (but one)

Tabre 3. Rerative odds of breast cancer for the combination of
dietary fiber intake and consumption of fermented milk products.

Dietary fiber
(s)

Fermented milk products
1mg calcium)

= 464.4 > 464.4
Adjusted for:

Age t

Age and fat
intake 2 < 26.2

> 26.2

1

1

00
I7

1. 18
0.69

(0.39-1.21)3

1. 13
0.58

( 0. 32-1.0s ) 3

1.00
1.08

I Age in two categories.
2 Age and fat intake in two categories.
3 95% confidence interval.
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odds ratios were berow unity. The odds ratio for totar fat arone
(O.57, 95% CI : 0.36 - 0.90,. model 1), for total fat, fiber andfermented mirk products simurtaneously (0.33/ 95% cr = 0.15 - o.73;
moder 5) were statisticatry signifi-cant. Addition of selenium, beta-

Tabre 4- Adjusted rerative odds of breast cancer for subjects withfavorable versus unfavorable dietary habits2.

ModeI 1 Dietary pattern2 favorable
with respect to

OR

1 Total fat 0.s7 (0.36 - 0.90)

2

3

4

Fiber, fermented milk
Beta-carotene, selenium, pufa
Fiber, fermented milk,
beta-carotene, selenium, pufa

o.623
1.00
o.763

( 0.3s - 1.09 )

(o .47 - 2 .1,3 \
( 0.33 - 1.74 )

5

6

7

Fiber, fermented milk,
total fat
Beta-carotene, selenium,
pufa, total fat
Fiber, fermented milk,
beta-carotene, selenium,
pufa, total fat

0.333

0.54

0.403

(0.1s - 0.73)

(O.27 - 7.O9')

(0.14 - 1.1s)

1 Moder 1: adjusted for age; moder 2-4 adjusted for age and totalfat intake; moder 5-7 totar fat intake incruded as main effect.2 Reference subject with unfavorabre dietary habits: high total fat(> 108 g), low dietary fiber (= 26 g), Iow fermented milkproducts
1= 464 mg calcium), Iow beta-carotene (s 2.0 mg), Iow selenium(= 55 yg), high poJ_yunsaturated fatty acids (> 16% of total fat).3 rnclusion of product term of fiber and fermented milk resurted in
OR = 0.58, 95e. Cr = O.32 - 1_.05 (model 2); OR = O.691 95% CI =O.29 - 1.59 (model 4); OR = 0.30, 95% Cr = 0.13 _ 0.69 (model 5);
OR = 0.35, 95% CI = 0.L2 - 7.02 (model 7).

carotene and poryunsaturated fatty acids to the moder (i.e. arlnutrients simultaneousry) did not read to a further decrease andresurted in wider confidence intervars (0.40, 95ts cr = 0.14 - 1.15).The resurts of moder 2 where rather different for the younger agegroup (fat adjusted oR = 0.39, 95% cr = o.r7 - o.9o) as compared tothe older age group lfat adjusted OR = O.94,95% Cr = 0.43 _ 2.O4).
For the other models no rerevant dlfferences between the younger and

L37
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older age group were observed. When the interaction term of
fermented milk products was included in these analyses (model 2,4t5
and 7), the odds ratios decreased by about ten percent of their
initial values.

Discussion

138

An inverse association with breast cancer was observed for a dietary
pattern characterised by low intake of fat and high intake of
fermented milk products and fiber. Total fat and the combination of
fermented milk products and fiber were about equally important for
this association. Inclusion in the Iogistic models of selenium,
beta-carotene and polyunsaturated fatty acids did not considerably
change the odds ratio. Except for the combination of high fermented
milk products and fiber, no clear evidence of interaction was

observed between the nutrient combinations of interest.
We considered whether the inverse associations we observed could be
explained by recall, selection or confounding bias- First, recall of
food habits several years in the past is obviously influenced by
recent habits ( 15, 16 ) . This, however, is not necessarily
differential for cases and controls. Moreover/ in our study the
interview referred to food habits covering the past year.
Furthermore, if cases had altered food habits after diagnosis, they
have usually done so consciously, still weII remembering
prediagnostic habits. In addition, cases and controls were
interviewed by well-trained dieticians using a highly structured
dietary history method, and cases were not interviewed when they
were not feeling weII because of treatment, e.g- chemotherapy. These
precautions minimize the possibility that differences in recall of
food habits among cases and controls would lead to systematic errors
in the study results.
Second, recruitment of cases and controls could be related to the
food habits investigated. cases were recruited by collaborating
surgeons in 17 of 35 hospitals, covering 55e" of all hospital
admissions for breast cancer in the study area. coverage of case-
recruitment was independent of age and degree of urbani-zation of
residence. One of the case-characteristics that could most obviously
trigger case-recruitment by surgeons in the hospital was overweight.
when body mass index was compared between cases recruited by their
surgeons (n=84) and cases missed by the surgeons but traced
afterwards in the local cancer registries ( n=49 ) / no major
differences were observed. Moreover, both groups of cases showed a

similar dietary pattern regarding percentage of energy from
macronutrient sources. we also compared dietary and Iife style
facLors in responders 1n=289) and non-responders (n=89) in the
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control group, together representing 77% of the initial sample from
the municipal population registries. No relevant differences $/ere
observed with regard to fat and fiber intake as contributed by milk
products (skimmed, half-skimmed, full-cream), food items used on
bread (e.9. jellies, ham, cheese), and type of bread (whole meal and
white bread). Furthermore/ daily amount of bread and consumption
frequency of eggs and fish was similar among both groups, and no
major differences were observed with regard to age at first fuII-
term pregnancy, parity, weight and body mass index. Therefore, Iife
style and risk profile of responding and non-responding controls are
considered to be similar.
In nutritional epidemiology, the total amount of food eaten/ or
energy intake has to be taken into account in the analysis (17). In
addition to dger aII analyses have been adjusted for fat intake,
which was highly correlated with total energy in the control group
(r:0.89). The intake of dietary fiber and fermented milk products
was positively associated with fat intake (pearson r = O.32 and
r = O.20, respectively). Despite their higher fat intake, however,
cases used on average less fiber and fermented milk products. When
fat intake was taken into account in data analysis, these
differences became more pronounced for all the nutrients, and the
odds ratios for favorable Ievels of consumption tended to decrease.
Moreover, total fat rather than energy may be involved in the
biological mechanism as such (18). In our data, energy-adjusted fat
intake was positiveJ-y associated with breast cancer ( 12 ), while fat-
adjusted energy intake was not. Other potential confounders of the
diet breast cancer association were not considered in the present
analyses, since previous analyses had indicated that their inclusion
in the Iogistic model affected the odds ratios only moderately
(12,L3).
In order to obtain meaningful and interpretable results, our
strategy of data analysis aimed at substantial reduction of the
number of comparisons to be made and 

" 
was guided by biological

concepts. Thus, dietary factors were divided in two categories only
(high vs lo\,r' intake). Assessment of interactions and comparison of
subjects with favorable and unfavorable dietary habits was
restricted to dietary factors that were supposed to be involved in a
related biological system. Although other meaningful possibilities
could be envisaged, we classifled exposures presumably operating at
the gastrointestinal level or at the tissue level. At the
gastrointestinal Ievel interactions may result from metabolism of
(pre)carcinogens and oestrogenic substances (5-7). At the tissue
level, antioxj-dants and polyunsaturated fatty acids may be related
to the formation of peroxides or cholesterolepoxides. These latter
mutagenic substances have indeed been detected in breast cancer
fluid in women at high breast cancer risk (19). Furthermore, the
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reduced odds ratio for the combination of dietary fiber and
fermented milkproducts in Table 3 and 4, was more pronounced in the
younger age group than in the older age group. Although this may be
attributable to sampling variability, or differences in baseline
risk in these age groups, it miqht also represent biological
differences possibly related to hormonal factors. In addition to
these biological considerations, the multistage model of cancer
generally implies multiplicative relations for joint exposures/
unless the factors involved independently affect the same stage of
cell-transformation (which may lead to additivity) (20). Because of
the reference period of the dietary interview, the nutritional
factors included in our study may affect the later stages of
carcinogenesis. It cannot be known a priori, however, whether these
dietary factors affect the same or different stages of
carcinogenesis, or even the growth of a completely transformed
population of tumor-celIs. Because of this, and to avoid ,fishing,
in data analysed before (72,73) | we did not conduct further
analyses.
The results of our study suggest associations between diet and
breast cancer only for factors operating at the gastrointestinal
Ievel ( including fat ) , but not for factors related to the
antioxidant hypothesis. Although this could be interpreted in
biological terms, it is also conceivable that the intake of fat,
fermented milk products and dietary fiber can be assessed more
accurately than the intake of substances like selenium and beta-
carotene. Moreover, for meaningful evaluation of the antioxidant
hypothesis, it may not be appropriate to reLy on nutrient intakes
because these may be poor indicators of the biologically relevant
target tissue concentrations. Thus, although our results may point
at the potential importance of the intestinal metabolic capacity,
they cannot be taken as evidence against the antioxidant hypothesis
for breast cancer.
In conclusion, the results show in a quantitative way that a
combination of favorable dietary habits may considerably Iower
breast cancer risk. In our case-control study this can be attributed
to the dietary factors low total fat, high dietary fiber and high
fermented milk products.
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Chapter 10

GENERAL DTSCUSSION

As outlined in Chapter \, the primary aim of this study was to
determine the relation between dietary fat, selenium and breast
cancer. During this first case-control study on dietary habits and
breast cancer in the Netherlands several difficulties were faced
with in the conduct of the study, whj_ch may interfere with the
interpretation of study results. These problems were mainly related
to recruitment of subjects and assessment of exposure, and practical
suggestions for improvement in the conduct of future studies have
been provided (Chapter 3).
In this Chapter, the potential biases will be discussed more
comprehensively, and the underlying principles emphasized. These
general principles provide the basis for the subsequent discussj_on
on the methodology and scope of future epidemiological studies on
diet and cancer. Research areas of particular interest for breast
cancer are indicated. FinaIIy, the research findings wiII be viewed
in the light of current dietary recommendations to the general
public.

10. 1 Methodological considerations

The case-control design of our study prompted us to consider
sefection bias and information bias as potentiarry important sources
of systematic error in the study results (1). Although the extent to
which recruitment of subjects and assessment of exposure may have
influenced the study results remains a matter of subjective
judgment, it seems not likely that they have introduced major
systematic errors. This assumption has been substantiated by
describing the methods, standardization, and timing of data
coflection, and by showing exposure data from cases and controls
entering the study by different modes of recruitment (Chapter 3).
Regarding specific hypot.heses, validity aspects have been discussed
in Chapters 4 to 9. Despite the arguments presented, however, the
directionality of suspected systematic errors remains largely
unknown, and their possible presence wiII leave sceptical readers
with 'credibility intervals' considerably Iarger than the presented
confidence intervals.
Therefore, instead of reiterating arguments/ potential biases in
observationa]- epidemiorogy on diet and cancer wirr be discussed in a
more general way. Tabre 1 provides a simpre crassificatj-on of these
potential biases, according to their origin and implications for the
validity and precision of study results. First, systematic errors in
recruitment of subjects and assessment of exposure will be
discussed, with special attention for the common underlying
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Table 1. Potential errors in observational epidemioloqy and their
consequences according to their source and type.

Source and type of error Error Consequences

Recruitment
of subjects

Systematic

Random

Exposure-re Iated
subject selection
or follow-up

Large sampling
variability

Selection bias

Low precision

Measurement Systematic Disease-related
assessment of
exposure

lnformation bias
of exposures

Random Misclass if ication Low precision
Bias to the nuII

concepts. Second, random errors wiII affect the study power
(Chapter 3) and the precision of study results, which is reflected
in the confidence intervals of odds ratios, presented throughout
this thesis.
In addition, random error in the assessment of exposure leads to
misclassification of exposed subjects as unexposed, and vice versa.
The resulting incorrect classification will tend to dilute, or
attenuate, the association of interest. In contrast to the
systematic errors, the consequence of random misclassification, or
'mismeasurement'/ is always that they bias the study results
'towards the nuII(-hypothesis)'. Like other biases, this problem
becomes increasingly important when the associations observed are
weak. Because this type of bias has not received much attention in
this thesis, and because associ-ations observed in nutritional
epidemiology are usually weak, the concepts underlying bias towards
the nuII wiII be discussed more extensively.

10.1.1 Sefection bias and information bias

As indicated above, selection bias and information bias are major
validity issues in case-control studies on diet and cancer. Here/
the common concepts underlyinq these types of bias will be
addressed. It wiII appear that these concepts are also related to
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confounding, and are applicabre to the prospective cohort design as
welI.
serection bias occurs when the mode of recruitment of study subjects
serectivery picks up exposed subjects, this selection being
differentiaL for subjects with and without the disease (21.
AnalogousJ-y, information bias occurs when the assessment of exposure
is differential among subjects with and without the disease (i.e
differential as contrasted with random miscrassification), resurting
in rack of comparability of information ( 3 ) . The relation of
differentiar selection and information with the validity of the
observed association can easiry be seen. rmagine a (stabre and
dynamic) source population with E, exposed and E, unexposed
subjects, with disease incidence rates f, and I, respectively. The
number of cases occurring wiII be C, (= E, * Ir) and C, (= E, * Ir).
Then/ the exposure odds in cases ic, / c.) divided by the exposure
odds in contrors (Ez / E.r) yields the incidence rate ratio (r2 / rr)
as the measure of association. This conclusion is on].y tenabre,
however, if the exposure odds differs between cases and contrors
sorery because of the underlying aetiorogicar association.
Differentiar selection of subjects from the source popuration and
differential assessment of exposure data interfere with this
requirement by disproportionately affecting the true (serection
bias) or the measured (information bias) distribution of exposure
among the study subjects (1). Both result in an odds ratio biased
with respect to the association prevailing in the source population
of the study subjects.
rn addi-tion to selection and information bias, the exposure odds in
cases may arso be artered due to confounders. confounding occurs
when the cases are serected from the source popuration not only by
the exposure of interest, but arso because of other aetiologic
factors associated with this exposure (4). The resulting confounding
bias can be removed j-n data anarysis, provided that confounders are
adequately assessed. Anarogousry, confounding wirl occur when the
response of contrors is rerated to an extraneous factor associated
with exposure ( 3 ) . For example, suppose that in our study arr
subjects were interviewed on dietary habits. Furthermore, suppose
that dietary habits are associated with smoking habits, but since
smoking habits are not rerated to breast cancer ( 5 ) / they are not
supposed to be a confounder (4). Now, if response of contrors is
rerated to smoking habits, the dietary habits among the responding
contrors wirr not refrect the dietary habits of the source
population of cases (i.e. biased samplingl (3). Consequently, the
comparison of dietary habits of cases and contrors wirr be biased,
due to exposure-rerated selection of controls. within strata of
smoking habits, however, dietary habits are not affected, and hence
adjustment for smoking habits by stratified or murtivariate anarysis
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will remove this type of bias in the crude (i.e. unadjusted) disease
odds ratio. fn conclusion, selection bias acting on the dietary
exposures themselves cannot be controlled in the anal-ysis,' this
problem can be addressed only by collecting llimited) exposure data
from cases and controLs, including as many non-responders as
possible (Chapter 3). When selection of either cases or controls is
related to an extraneous factor related to dietary exposure, not
necessarily being a confounder/ it can be taken into account in the
analysis stage. Like confounders, selection of such extraneous
variables should be based on a priori considerations.

In prospective cohort studies/ or case-control studies nested in a
cohort, exposure-related Ioss to follow-up of subjects will bias the
disease odds ratio in a similar way as exposure-related response
does in a case-control study (2-4). In general, however, the
prospective nature of the study makes selection less likely to occur
and gives opportunities to check whether loss to follow-up is indeed
related to the exposure(s) of interest. Furthermore, information
bias, i.e. differential exposure assessment in cases and controls/
is not likely to occur in a prospective setting, because disease
status cannot be known at the initial examination. As in case-
control studies, however, altered food consumption because of
subclinical disease may be a source of information bias within a
Iimited period of follow-up. Moreover/ this type of bias may be
recognized when odds ratios are altered when duration of follow-up
increases.

Thus, interpretation of the results from case-control and cohort
studies may be hampered by these potential validity problems. These
may be alleviated by taking necessary precautions in study conduct
and analysis.

10.1.2 Bias towards the "nu1L"

As in many other studies on diet and cancer, we observed several
weak associations, i.e. odds ratios were between 0.5 and 2.O (with
the exception of dietary fat). These associations may stil1 be
relevant to public health ( 6 ) , but their weakness hampers
unequivocal interpretation of the study results.
This paragraph addresses the issue whether the associations are
reaLly vreak (but relevant), or appear to be weak merely as a result
of biases that systematically dilute the associations towards the
(statistical) nuII hypothesis: no association. The answer to this
question has a considerable impact on the scope and methodology of
future research on diet and cancer ( see next section) . Weak
associations originate from random errors in measurement of disease
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(sensitivity and specificity) and exposure (ratio of measurement
error and heterogeneity of the population) (2). In addition to these
weIl-known phenomena, however, conceptual issues related to
aetiology of cancer may contribute to a further understanding.

Prentice et aI. (7) have argued and quantitatively substantiated,
that the association between fat and breast cancer, as derived from
ecological studies, can - in fact - hardly be reproduced in either
cohort or case-control studies: random errors in the assessment of
fat intake Iead to misclassification of subjects with regard to
exposure. Superimposed on the relative homogeneity of dietary habits
within study populations/ this misclassification leaves most
observational studies with attenuated associations and l-imited power
to detect them. Therefore/ these studies are often hampered by
difficulties in distinguishing between weak observed associations
and selection or information bias originating from the desi-gn and/or
conduct of the study. This problem may be most obvious in cohort
studies, since their Iarge size necessitates assessment of
individual exposure data with relatively simple methods of Iesser
accuracy. The resulting misclassification bias has been referred to
as a special case of information bias by some authors (2).

Rothman has drawn attention to Lhe conceptual issues related to the
phenomenon of weak associations in aetiological studies ( 4 ) . In the
framework of the sufficient cause-component cause concept, he has
pointed to the induction period as a potentially important
determinant of weak associations (8). This idea conceptualizes the
occurrence of disease as the end result of a number of conditions
(component causes) that have to be fulfilled before the actual
disease can become manifest (sufficient cause). In this framework,
the induction period can be defined as the period between exposure
to the aetiologically relevant agent (a specific component cause)
and the completion of all component causes (sufficient cause). The
time elapsinq between completion of the sufficient cause and
clinical disease manifestation is the latent period. In the context
of the multistage model of carcinogenesis, genetic alterations
required for fuII ceII transformation can be considered component
causes, and the length of the induction period may vary among
subjects, depending on the component causes already present. In
addition, the latent period may further increase the time lag
between the component cause and clinical disease. Thus, even the
most accurate measurement of exposure may only provide a weak
indicator of the biologically relevant exposure at the biologically
relevant moment. The consequence is misclassification with regard to
the true exposure, which, Iike simple random measurement error, may
obscure relevant associations due to bias towards the nuII.
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fn addition to induction period, the cause concept proposed by
Rothman ( 8r 9 ) may explain weak associations as a result of
(partially or completelyl distinct sufficient causes ( distinct
disease aetiologies). This wiII be illustrated by two (related)
examples, one pointing to the role of background disease risk, the
other to diagnostic characteristics of disease.
First, envisage two types of breast cancer/ only one of which is
related to fat intake. Then, the relative risk for fat will be
relatively high if the non-fat-related aetiology is of minor
importance in the study population. Conversely, when the non-fat-
related aetiology contributes substantially to the incidence, the
background disease risk will be high, and the relative risk for fat
wiII be biased towards the nuII (despite the same attributable
risk).
Second, most malignancies share the typical age relation, which is
attributed to the multistage process/ but they differ with respect
to other component causes. Thus, when studying smoking and cancer,
weak relative risks may be expected because many cancer sites
constituting the overall background cancer risk are not related to
smoking. However/ when the analysis is restricted to Iung cancer/
for which smoking is one of the component causes, strong relative
risks will be apparent. Thus/ in epidemiological practice, distinct
disease aetiologies wilI emerge as lack of uniformity of relative
risks in different diagnostic categories.

In the preceding section, major biases in observational epidemiology
were discussed, including their conceptual and methodological
background. Implications for methodological improvements in future
epidemiological studies are included in the following section.

10.2 Directions for research

In addition to avoidance of selection and information bias, future
observationaf epidemiological research also needs to minimize bias
towards the null- hypothesis. This requires special attention to
measurement error/ induction period, and background disease risk.
Improvements may be obtained from increased heterogeneity in
exposure (as in experiments), distincLion of separate stages in
carcinogenesis, and selection of the study population.

10.2.1 MethodoLogi-ca7 improvements

The effect of misclassification of exposure may be reduced by taking
advantage of the natural heterogeneity existing within populations
or by extending the study to other countries with different food
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habits. Furthermore/ assessment of exposure may be improved using
long-term biomarkers of nutrient intake or nutrient status, both in
case-contror and cohort studies (bio-bankinq). Finarry, diet-rerated
'intermediate variabres' courd be identified which are more cJ-osery
related to the pathophysiology of the disease ( Iike blood
choresteror in cardiovascular disease). For cancer, however, these
intermediate variables may need to be assessed at the revel of the
target organ, rather than in the blood.

The concept of induction time and biorogicarry rerevant exposure
opens severar interesting opportunities for strengthening weak
associations . First, distinguishing separate steps in ( breast )cancer aetiology may imply that risk factors are studied in
different periods of rife, e.g./ susceptibre periods in puberty and
pregnancy in relation to breast ceII proliferation and
differentiation. Furthermore, precursor resions and their aetiorogy
and prognosis may be studied, each in reration to dietary and other
risk factors (e.9. 10r11). Finarry, progression of ratent tumours to
crinicarry detectabre tumours may be the object of studies on growth
factors, immunological factors and (breast) cancer.

The sufficient cause concept triggers the idea that what is
considered as a disease entity nowadays, may ultimatery be perceived
as distinct diseases. A generarl-y appricabre way of detecting
distinct disease aetj-orogies may be further differentiation of
cancer diagnosis, e.9., according to growth factor (receptors) or
expressed (onco)genes (e.9. 12). This approach may point to
differences in rerative risk between different categories of
disease, with specific subcategories showing strong associations
with exposure, possibly pointing to different aeti_ologies (e.g. 13).
serecti-on of study subjects with row background disease risk may be
useful when studying risk factors, while high risk categories are
indicated when preventive factors are the object of the study (8).
FinaIIy, populations at high disease risk, e.g. (breast) cancer
famiries or hromen with atypical hyperprasia, may yierd important
clues at the genetic level.

10.2.2 Scope of case-control_ and. cohort studies

The above methodorogical issues have some important consequences for
the scope of future epidemiologicar studies. our study was primariry
focused on food habits and the resulting intake of fat, selenium and
other food constituents. Arthough the dietary method was extensive
and selenium status was assessed by several biomarkers, the
methodorogicar problem of weak associations leaves subjective
arguments essentiar to the interpretation of the resurts. Because
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the uncertainties regarding selection and information bias have
different weights in case-control and cohort studies/ the
implications of the suggested methodological improvements also
differ according to study design.

For case-control studies, improved methodology, resulting in reduced
attenuation and strengthened associations, seems more promising than
increased study size as such. Substantial improvement may be
achieved by assessing biotogically relevant exposure and/or
distinguishing subcategories of disease, both having implications
for the study design.
First, in addition to dietary assessment, Iong-term biomarkers (e.9.
fatty acids and fat-soluble antioxidants in fat biopsy or
erythrocyte membranes) may Iead to reduced misclassification of
exposure. Although these biomarkers can be obtained from population
controls, feasibility may be better when hospital controls are
selected. Furthermore, if tumour oncogenes are persistent and
reflect aetiologically relevant exposure in the past (14t1^5),
identification of the environmental factors related to these
oncogenes may point to the main routes of exposure to carcinogenic
agents (e.9. diet) or to dietary factors affecting the metabolism of
(pre-)carcinogens. Here, hospital-based case-control studies and
case-case comparisons (see below) may be of particular rel-evance.
Second, pathophysiological insights may suggest that dietary habits
may have different consequences for different disease pathways,
possibly reflected in distinct diagnostic disease categories (e.9.
degree of differentiation of glandular tissue, oestrogen receptor
status, oncogenes and/or their encoded proteins ) . Although the
relation of dietary habits to more specifically defined disease
categories can be studied in the (usual) case-control design with
population controls, it may be attractive to consider hospital-based
case-control studies and case-case comparisons. Hospital-based case-
control studies provide opportunities to obtain target tissue (e.9.
breast tissue) from subjects with other diseases (e.9. benign breast
diseases unrelated to breast cancer), facilitating the assessment of
both exposure and (early) endpoint(s). Case-case comparisons may be
helpful when different disease characteristics have (partially)
distinct causes. These distinct causes can be detected by comparing
dietary habits among women in these disease categories, but could
easily remain undetected in a 'usual' case-control study of similar
size.
The above variants of the case-control design may Iead to the
identification of stronger associations for specific (diet-related)
exposures and more narrowly defined disease categories. These
associations will appear as interactions between dietary factors and
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known risk factors on the one hand, and characteristics of the
disease and the genes (either inherited or acquired) on the other.

For cohort studies, improvement of methodology may imply the conduct
of large-scale prospective cohort studies with improved dietary
questionnaires, coupled to follow-up of a sampl-e rather than of the
total cohort. Because of misclassification of exposure, however,
these studies are not likely to report strong associations between
diet and cancer, but. may identify dietary patterns and life styles
associated with lowered risk (e.g. 16). In order to increase the
study power, pooling of data from observational studies (world-wide)
is indicated, if possible weighted for differences in study design
and adjusted for misclassification rates.
fn addition, these studies may generate new hypotheses, especially
for less frequent cancer sites to which no diet-oriented case-
control studies have been devoted. At the expense of study size,
incorporation of biological specimen (biobanking; in prospective
cohort studies wiII generally lead to improved exposure data and
increased biological significance of results, and may also include
markers of cancer susceptibility ( L4 t 17 | .

10.2.3 Subject matter areas

After the above discussion on areas for methodological improvement
and the general scope of epidemiological studies on diet and cancer,
areas for future research on dietary factors and cancer can be
identified. Several general outlooks have been mentioned in the
preceding section. Here, we wiII restri-ct ourselves to those areas
that are related to our study results and hypotheses.

First, the data collected in our study on diet and breast cancer
provide opportunities for further anal-ysis, e.g., analysis of diet
according to dietary patterns ( rather than nutrients ) or dietary
recommendations and breast cancer. Furthermore, neh/ hypotheses on
food constituents and breast cancer can be evaluated using the data
collected, provided that the dietary questionnaire and food tables
are judged reliable for the constituent considered.

Second, the role of diet can be studied in different periods of life
of particular relevance to breast cancer pathogenesis. In our data,
the potential role of marginal nutrition during puberty in the 1930s
and 1940s can be studied in the 1920-1930 birth cohort. There is
circumstantial evidence supporting the role of marginal nutrition
during this critical period in life (18), but epidemiologj_cal data
directly addressing this issue are Iimited (19-21). Furthermore,
animal experiments could indicate which nutritional factors (fat,
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fibre, alcohol, retinoids) affect the sensitivity of proliferating
and subsequently differentiating breast tissue (e.9. in rats), and
the identity of genetic damage caused by the carcinogens applied. In
addj-tion, possibfe precursor lesions of breast cancer (atypical
hyperplasia) could be studied using the case-control design. Both of
these approaches address aetiologically relevant periods of life
that are usually not included in case-control studies.

Third, our study results suggest that factors possibly affecting
immunological status and gastrointestinal metabolism of hormones or
(pre)carcinogens may be of importance in breast cancer aetiology.
Therefore, it needs to be investigated whether the findings
regarding dietary fat, fibre and fermented milk products can be
confirmed, and whether they may be generalized to other hormone-
related malignancies or cancer of the colon, which possibly also
shares several other aetiological factors with breast cancer (fibre,
fat, reproductive history) (22). These issues are part of the Dutch
prospective cohort study, conducted by the TNO-CfVO Institutes and
the University of Limburg (16).
In addition, a further biological explanation could be obtained by
physiological experiments with female volunteers. For exampJ-e, the
effect of high and low consumption of fermented milk products at
hiqh and fow fi-bre intake could be studied in relation to
immunological and hormonal factors (either in blood or in faeces).
Case-control studies and laboratory research could address the
relation of these biological intermediates to breast cancer.
A related, intriguing question is whether fermented foods when
ingested simultaneously with nitrate-rich foods might actually
adversely affect cancer risk. Indeed, it has been shown that this
combined exposure may produce large amounts of alkylating agents
under quasi-gastric in vitro conditions (23). This might be of
relevance to a directLy exposed target site like the stomach, but
indirect exposure of other sites (e.9. colon, breast) cannot be
excluded either.

Finally, our study did not provide evidence supporting the inverse
association between breast cancer on the one hand, and
polyunsaturated fatty acids and the antioxidants beta-carotene and
selenium on the other hand. In order to substantiate this
biochemical hypothesis, other antioxidants (e.9. tocopherols) and
related nutritional factors (e.9. retinol) may need to be
incorporated. Because the dietary intake of such minor dietary
constituents is difficult to assess, it may be more appropriate to
study this hypothesis using Long-term biomarkers (e.9. fat biopsy
and toe-naiI clippings) in a case-control study.
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rn order to address the biologicarly rerevant target tissue exposure
more directly, hospitar-based case-contror (and case-case) studies
courd investigate antioxidant status and indicators of oxidative
stress in breast tissue from breast cancer cases and from women with
benign breast diseases (e.g. 10). Further refinement may be obtained
by incorporating more detaired disease characteristics in such
studies, e.g. oncogenes. It is not clear as yet/ however, which
oncogenes are most rerevant in breast cancer aetiology. For
instance, ras-oncogenes have been detected in chemicarry induced
breast tumours in rats (24) t bvL not frequentry in human breast
cancer (15). rn additi-on, it shourd be realized that the expression
of oncogene products (proteinsl is the criticar factor, rather than
the presence of the oncogene as such.

10.3 Dietary recommendations

At the end of thj-s epidemiorogicar study it may be asked whether our
results have imprications for dietary recommendations. This question
probabry originates from the idea that nutritionar epidemiorogy
directry addresses everyday rife and rife style of the population
and, hence, that the resurts should be of direct rerevance to the
study popuration. The deveropment of dietary recommendations,
however, aims aL incruding arr rerevanL aspects of diet and arr
investigative approaches. Dietary recommendations are not, and
shourd not be modified by resurts of one single study on one
specific cancer site and serected dietary factors. For instance, it
has been noted that the findings of rowered (coron) cancer risk
rerated to fruit and vegetabres have red to the promotion of
consumption of cerear products (25). Generar dietary recommendations
shourd simultaneousry take into account many different hearth
aspects, a-g-, the incidence of the disease rerative to other
diseases, biorogicar mechanisms, quarity of rife, and non-medical
values attributed to diet and rife style. Given these restrictions,
we shall indicate how our observations are related to dietary
recommendat ions .

cenerar dietary guiderines incrude reduced fat consumption,
increased consumption of vegetabres and fibre-rich foods, and
moderate arcohor use, ar] incorporated in a varied diet (26). These
recommendations are arso supported by the 'Europe Against cancer
Programme' and the Netherrands cancer Foundation (campaign
'Eetwijzer'). rt shourd be mentioned here that campaigns against
cancer tend to refer to the weaker, but suggestive/ types of
epidemiorogicar research rike time trends in incidence, ecorogical
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studies and comparisons of diets of high-risk and low-risk
populations.

In this case-control study we observed a positive association
between fat intake and breast cancer, and our results suggested an
inverse association with a diet rich in fermented milk products and
cereal products. Potential health benefits are suggested for reduced
fat consumption and increased daily consumption of fermented milk
products and dietary fibre, especially when combined. None of these
research findings conflict with the recommendations. Moreover, this
dietary pattern may actually offer a possibility to compose a

'recommended' diet. Furthermore, a high consumption of alcohol was
found to be positively associated with breast cancer in young women,
and also in older women who had started drinking alcohol at young
age. Finally, our results did not support the idea that selenium and
beta-carotene, which are advocated in the lay press as useful
dietary supplements possibly reducing the risk of chronic diseases,
may be inversely related to breast cancer.

The scope of this study was to obtain additional knowledge on
nutritional factors in breast cancer aetiology. The results are in
Iine with current dietary recommendations, and do not suggest that
they need to be modified. es indicated in this chapter/ however,
future research may identify specific nutritional factors with
relevance to more narrowly defined disease categories. When combined
with laboratory research and pathophysiological insight, the
resulting understanding of mechanisms may open opportunities for
chemoprevention, or dietary and Iife style recommendations directed
at specific subgroups of the general population (21-29).

References

1 Schlesselman JJ. Case-control studies. Design, conduct, analysis.
oxford Univ Press, oxford, 7942.

2 Kleinbaum DG, Kupper LL, Morgenstern H. epidemiologic Research.
Principles and quantitative methods. Lifetime Learning PubIic,
Belmont, CA, 1982.

3 Mj-ettinen oS. Theoretical epidemiology. Principles of occurrence
research in medicine. John wiley & Sons, New York, 1985.

4 Rothman KJ. Modern epidemiology. Little, Brown and Co, Boston,
1986.

5 London SJ, Colditz GA, Stampfer MJ, Willett WC, Rosner BA,

Speizer FE. Prospective study of smoking and the risk of breast
cancer. J NatI Cancer Inst 1989;81:1625-31.

154



General discussion

6 wahrendorf J. An estimate of the proportion of colo-rectal and
stomach cancers which might be prevented by certain changes in
dietary habits. Int J Cancer 7987;402625-8.

7 Prentice RL, Pepe M, Self SG. Dietary fat and breast cancer: A
quantitative assessment of the epidemiological literature and a
discussion of methodological issues. cancer Res 1989;4923147-56.

B Rothman KJ, Pool-e C. A strengthening program for weak
associations. Meeting of the Netherrands Epi-demiologicar society,
Wageningen, April 28-29 t 1988. Int J Epidemj-ol
19BB; 17 : ( suppl) 955-9.

9 Kok FJ/ van 't veer P. The strength of relationships which can be
detected between diet and disease. In: Kohlmeijer L, Helsing E
(eds). Epidemiology, nutrition and health. proc of the first
Berlin meeting on nutritional epidemiology. Smith-Gordon, Berlin,
1988, 79-29.

10 Wrensch MR, Petrakis NL, cruenke LD, et aI. Breast flui_d and
choresteror B-epoxide concentrations in women with benign breast
disease. Cancer Res 1989 ;4922768-74.

11 Lubin F, wax Y, Ron E, et ar. Nutritionar factors associated with
benign breast disease etiology: a case-control study. An J Clin
Nutr 1989,.50:551-6.

12 Verreault R, Brisson Jt Desch6nes L, Naud F. Body weight and
prognostic indicators in breast cancer. Am J Epidemiol
79a9;729 z260-8.

13 Verreault R, Brisson J, Desch6nes L, Naud F, Meyer F, B6langer L.
Dietary fat in relation to prognostic indicators in breast
cancer. J NatI Cancer Inst 19BB;80:819-25.

14 Taylor JA. oncogenes and their apprications in epidemiologic
studies. Am J Epidemiol 1989,- 130:6-13.

15 Bos JL. ras-Oncogenes in human cancer: A review. Cancer Res
79a9 ;49 z 4682-9 .

16 Van den Brandt PA, Goldbohm RA, Van ,t Veer p/ Vol_ovicz A, Hermus
RJJ, Sturmans F. A large-scale prospective cohort study on diet
and cancer in the Netherlands. J CIin Epidemiol l99O;43:285-95.

17 International Agency for Research on Cancer, WHO. Europe against
cancer programme, Commission of the European Communities.
Prospective studies on diet and cancer (No. 2). IARC, Lyon, sept
1989.

18 De Waard F, Trichopoul_os D. A unifying concept of the aetiology
of breast cancer. Int J Cancer 19BB;41t666-9.

19 wirrett wc. rmpli-cations of total energy intake for epidemiologic
studies of breast and large-bowel cancer. Am J Clin Nutr
7981 ;45:354-60.

20 Pryor M, Slattery ML/ Robison LM, Egger M. Adolescent diet and
breast cancer in Utah. Cancer Res 1989;492216L-7.

155



ceneral discussion

21 Hislop TG, Coldman AJ, Elwood JM, Brauer G/ Kan L. Chilhood and
recent eating patterns and risk of breast cancer. Cancer Detect
Prev 1986,'9 z 41 -58 .

22 McMichael AJ, Potter JD. Reproduction, endogenous and exogenous
sex hormones, and colon cancer: A review and hypothesis. J NatI
Cancer Inst 1980 ;65:720L-1.

23 Groenen PJ, Busink E. Alkylating activity in food products -
especially sauerkraut and sour fermented dairy products- after
incubation with nitrate under quasi-gastric conditions. r'd Chem

Toxic 19a8;262275-25.
24 Barbacid M. ras-Genes. Ann Rev Biochem 1987;56;779-821.
25 willett WC. The search for the causes of breast and colon cancer-

Nature 1989;338 z389-94.
26 voedingsraad. Richtlijnen goede voeding. voeding L9B6;41:159-81-
27 Greenwald P, Sondik E. Diet and chemoprevention in NCI's research

strategy to achieve national cancer control objectives. Ann Rev
PubI Health 1986 ;1 :267 -97.

28 Meyskens FL. Thinking about cancer causality and chemoPrevention.
J Natl Cancer rnst 1988;80:1278-81.

29 Simopoulos AP. Genetics and nutrition: introduction to the
symposium on human genetic variation and nutrition. Am J Clin
Nutr 1988;4827497-9.

156



SUMMARY

This thesis addresses the role of diet in breast cancer aetiology
from an epidemiological point of view. International variation in
breast cancer rates has suggested that high fat and low selenium
intake may partially account for the high breast cancer incidence in
the Netherlands. These two topics, and several other hypotheses put
forward in the literature, i.e. on fermented milk products, fibre,
beta-carotene and alcohol were investigated in a case-control study
in the Netherlandsr (Chapter 1).

Biological evidence and descriptive epidemiology have provided a
basis for the multistage theory of carcinogenesis, which functions
as a useful framework for ordering known risk factors of breast
cancer and determining the role of dietary factors. Diet may
influence breast cancer risk both at young age, during reproductive
years and after menopause. rn practice, most epidemiological
studies, including ours, take j-nto account the diet in a relatively
short period of time before the disease is diagnosed (Sections 2.L
and 2.2\ .
For high fat and low sel-enium intake increased breast cancer risk
has been reported from animal experiments, but biological mechanisms
remain largely unknown. Dietary fat might affect breast cancer risk
through its contribution to energy intake, energy balance, growth
and development on the one hand, and to physiological and oxidative
properties of fatty acids on the other hand, the l_atter possibty
counteracted by antioxidative food constituents such as selenium and
beta-carotene. In addition, dietary fibre and fermented milk
products may affect the metabolic activity of intestinal bacteria.
This may alter the conversion of diet-related and endogenous
oestrogenic compounds and of (pre)carcinogens, as well as the
immunological status of the host (Section 2.3.1).
A first generation of case-control and prospective cohort studies
initially pointed at an unfavourable role of a diet frequently
comprising fat-rich food products. This was not uniformly confirmed
in a second generation of studies, in which total daily fat intake
has been assessed in more detail. The epidemiological evidence for a
protective effect of selenium is mainly based on serum selenium
assessed in nested case-cohort studies on total cancer risk,
including only few breast cancer cases. Although encouraging results
were initially reported from two case-control studies, these have
not been confirmed by more recent studies. Evidence for a protective

1 This study was financially supported by the Netherlands Cancer
Foundation (grant no. CIVO 84-4).
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effect of beta-carotene, fibre and fermented milk products derives
from generalization of hypotheses on the aetiology of other cancer
sj-tes or total cancer/ and epidemiological studies have provided
some additional support for breast cancer. In contrast, the
potential hazardous role of moderate alcohol consumption in breast
cancer has been reported by several epidemi-ological studies, but
evidence from laboratory research is Iimited (Section 2.3.2).

In 1985-1987, a case-control study on dietary fat, selenium and
other dietary factors was conducted among Dutch Caucasian women aged
25-44 or 55-64 yr, Iiving in the middle and southern parts of the
Netherlands. Considerations on the design, conduct and analysis of
this study are presented in Chapter 3.
Experienced dietitj-ans conducted interviews on Iife style factors,
potential confounders, and dietary habits, using a structured
anamnesis on the complete food pattern, which included questions on
consumption frequency and amount, followed by measurement of portion
sizes. In addition to dietary selenium intake, biomarkers of
selenium status were included in the study (Section 3.1.2).
Participation of surgeons in hospitals and of community controls was
a major issue in the conduct of the study. About 45t^ of the cases in
particj-pating hospitals entered into the study. 80% (n=134) of these
cases and 55% 1 n=289 ) of the controls were interviewed.
(Preoperative) blood and/or toe-nail clippings were obtained from
7'1% and 88% of the interviewed cases and controls, respectively.
Food habits and risk factors were compared between cases recruited
by surgeons and those from cancer registries; these groups did not
show relevant differences. Similarly, no important differences were
observed between full responders and partial responders among the
controls. Serious bias resulting from differential selection of
subjects is therefore considered unlikely (Section 3.2).
Data analysis included comparison of mean food and nutrient intakes,
and selenium values in biomarkers of cases and controls, with and
wj-thout adjustment for d9€, energy or fat intake. Subsequently,
simple and stratified analysis of categorical data was conducted,
followed by logistic regression analysis (with and without
adjustment for potential confounders) to obtain odds ratios, their
standard errors, and/or tests for trend. Specific attention is given
to the conceptual issues relating to energy adjustment and to the
assessment of effect modification in this study (Section 3.3).

In Chapters 4 to 9 the objectives, analyses and results pertaining
to the research questions are presented. Main results were:
1) Daily fat intake among cases (100 g) was consj-derably higher than

among controls (92 S\. The adjusted odds rati-o for high (> 113 g)
vs low (< 65 g) fat intake was 3.54 (95% confidence interval
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CI = 1.64 - 7.64) . This association remained similar after
adjustment for energy intake and could not be attributed to a
specific type or source of fat (Chapter 4).

2 ) Energy-adjusted selenium intake and pJ-asma selenium concentration
was slightly lower in cases. No association was observed with
total daily selenium intake, or selenium concentration in long-
term biomarkers, i.e. erythrocytes and toe-nails (Chapter 5).

3) Daily consumption of fermented milk products (mainly buttermilk
and yogurt) was Iow among cases (116 q) as compared to controls
(157 g). For high (> 225 g) vs no intake of these products the
odds ratio was 0.55 (95% CI = O.24 - L.21 ) and a significantly
decreasing trend was observed. Similar results were observed for
the consumption of Gouda cheese, after adjustment for total fat
intake (Chapter 6).

4) Vegetable products (cereal products, fruit and vegetables
including potatoes ) were consumed in a lesser amount by cases
(6a9 g/day ) than by controls (695 q/day ). This difference was
mainly accounted for by cereal products and fruit. On the
nutrient level this was reflected in lowered intake of dietary
fibre rather than beta-carotene. For these indj-cators of diet,
the odds ratio among women in the highest quartile of consumption
was less than uni-ty/ and the test for trend was statistically
significant for cereal products (Chapter 7).

5) Habitual alcohol consumption in the younger age group (25-44 yr)
was hi-gher than in the older age group (55-64 yr), both in cases
and controls. In the younger women, the odds ratio for high
alcohol consumption (> 30 g/day, i.e. > 3 glasses) was 2.3 as
compared to non-drinkers, and 8.5 (95% CI = 1.1 - 65.1) as
compared to women drinking moderately (l-4 g alcohol/day). Dose
of alcohol, rather than frequency of consumption, appeared to be
responsible for these results. In the older age group (55-64 yrs
old) no association between habitual alcohol consumption and
breast cancer was observed. Among these women, however, the
adjusted odds ratio for drinking alcohol before the age of 25 was
2.4 (952 CI = 1.o - 5.6) (Chapter 8).

6) rn a final analysis (Chapter 9), several of the above dietary
factors were classified according to the hypothesized biological
mechanism relevant to breast cancer, i.e. either relating to the
intestinal microflora (fat, fibre, fermented milk products) or to
the antioxidant hypothesis (polyunsaturated fatty acids,
selenium, beta-carotene). Subjects with favourable dietary habits
(i.e. Iow fat, high fibre and high fermented milk products; Iow
polyunsaturated fatty acids, high selenium and high beta-
carotene) were compared with subjects having unfavourable dietary
habits. This resulted in an odds ratio of 0.40 (95? CI = 0.14 -
1.15), which was mainly accounted for by low fat, high fibre and
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high fermented milk products (odds ratlo 0.33, g5Z CI = 0.15
0.73).

rn summary, the results support the alleged positive association
between dietary fat and breast cancer, but the inverse association
between selenium and breast cancer was not confirmed. with regard to
biological mechanisms, these results tend to favour hypotheses
regarding a role for bacteriar and immunological factors in the
intestines 1 fibre, fermented milk), rather than protection by
antioxidants (selenium, beta-carotene). This fits into a role of
diet in the late promotion stage of carcinogenesis, but the type of
data collected do not permit a concl_usion as to the rol-e of
antioxidants. Especially with regard to alcohol intake it is not
clear, whether the results may be interpreted causarry or merely
reflect other life style characteristics.

The general discussion (Chapter 10 ) focuses on the principles
underlying the problems of selection and information bias, with
special emphasis on ,bias towards the nuII', resulting from random
error in the assessment of exposure and disease, Iack of knowledge
on the induction and latent period, and background risk of breast
cancer. starting from this case-control study, directions for future
epidemiological research are sugqested, indicating possible ways for
methodologj-car and practicar improvement. Finarry, the study resurts
are compared to dietary guidelines for cancer prevention and appear
to be generally supportive. Future research may help to develop more
specific guiderines based on an improved understanding of breast
cancer pathogenesis.
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SAMENVATTING

rn dit onderzoek is de rol van voeding bij het ontstaan van
borstkanker bestudeerd vanuit epidemiorogisch perspectief. op grond
van verschirlen tussen randen in het v66rkomen van borstkanker zou
men kunnen verondersterren dat de hoge frequentie van deze ziekte in
Nederrand ten dele kan worden toegeschreven aan een hoge vetinneming
en een lage seleniuminneming. Deze twee aandachtspunten, arsmede de
mogerijke ror van andere voedingsfactoren (gefermenteerde merkpro-
dukten, vezeJ-, beta-caroteen en arcohol), zrjn nader onderzocht in
een epidemi-orogische studie van het type pati6nt-contr6re onderzoekl
(hoofdstuk 1).

op grond van argemene biologische principes en dierexperimentele en
epidemiologische aanwijzingen is de zogenaamde'murtistage'-theorie
voor het ontstaan van kanker geformureerd. Deze theorie doet dienst
als een denkkader waarin reeds langer bekende risicofactoren voor
borstkanker arsmede voedingsfactoren een duiderijke praats hebben(paragrafen 2-1 en 2.2). Voeding kan het risico op borstkanker
bernvloeden op jonge leeftijd, tijdens de reproductieve jaren, enook na de menopauze. De meeste epidemiorogische studies, ook het indit proefschrift beschreven onderzoek, bestuderen de ror van voeding
in de relatief korte periode van hooguit enkere jaren voor het
optreden van de ziekte (paragraaf 2.1 en 2.2).
Een verhoogd borstkankerrisi-co bij hoge vet- en lage selenium-
inneming is beschreven in dierexperimenten, maar het biorogisch
werkingsmechani-sme is nog onduiderijk. vet zou enerzijds invroed
kunnen uitoefenen door zr)n bijdrage aan de energieinneming,
energiebalans, qroei en ontwikkering, en anderzijds door fysiolo-gische en oxidatieve eigenschappen van verschi-lrende soorten
vetzuren- wat dit laatste betreft speren antioxidanten, zoars
serenium en beta-caroteen, mogerijk een beschermende ror. Daarnaast
zouden vezel en gefermenteerde merkprodukten de activiteit van
darmbacteridn gunstig kunnen bernvroeden, resurterend in eenverminderde blootsterling van borstweefser aan oestrogenen of een
stimurerend effect op het immunorogisch systeem (paragraaf 2.3.\).
Een eerste generatie pati6nt-contr6re en cohort onderzoeken wees
aanvankelijk op een ongunstige ror van een voedingspatroon geken-
merkt door frequent gebruik van vetrijke produkten. Dit is echterniet zonder meer bevestigd in daaropvorgend onderzoek, waarin de
vetinneming zorgvuldiger is vastgesteld. De epidemiorogische aanwij-
zingen voor een beschermend effect van selenium zr)n voornamelijk

Dit onderzoek is gesubsidieerd door de Nederrandse Kankerbestrij-
ding, Het Koningin Wilhelmina Fonds (subsidie nr CIVO 84_41.
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gebaseerd op lagere serum-seleniumgehalten bij kankerpatiijnten
(alle tumorlokalisaties) dan bij contr6lepersonen, zoals waargenomen
in verschillende zogenaamde'nested' pati6nt-contr6Ie onderzoeken.
De geringe aantallen personen en gebruik van Serum-seleniumwaarden
staan een eenduidige interpretatie echter in de weg. Aanwijzingen
voor een beschermend effect van beta-caroteen, vezeL en gefermen-
teerde melkprodukten zijn vooral gebaseerd op generalisatie van
hypothesen betreffende de carcinogenese van andere Iokalisaties dan
de borst, of van aIIe vormen van kanker samen. Het mogelijk
positieve verband tussen alcoholconsumptie en borstkanker is
voornamelijk gebaseerd op epidemiologisch onderzoek, terwijl de

biologische verklaring hiervoor nog ontbreekt lparagraaf 2-3-2) -

Van 1985 tot 1987 is in Nederland een patidnt-contr6le onderzoek
uitgevoerd naar vet, Selenium en andere voedingsfactoren in relatie
tot borstkanker. Overwegingen ten aanzien van de opzet/ de uitvoe-
ring en de analyse van dit onderzoek zijn beschreven in hoofdstuk 3.
Aan dit onderzoek is deelgenomen door in totaal 422 vtonwen van 25

tot 44 jaar en van 55 tot 64 jaar, woonachtig in Utrecht, Gelderland
of Limburg. Voedingsqewoonten van patidnten en contr6lepersonen zijn
nagegaan door een qestandaardiseerde voedingsanamnese, gevolgd door
vragen betreffende andere relevante levensstijlfactoren. Bij de
voedingsanamnese is gebruik gemaakt van een gestructureerde vra-
genlijst waarbij, naast vragen naar gebruiksfrequentie en hoeveel-
heid, tevens gebruikelijke portiegrootten zijn nagegaan door huis-
houdelijke maten te wegen en meten. Voor de bepaling van de
seleniumvoorziening is bovendien gebruik gemaakt van biologische
monsters (bloed en nagelknipsels) (paragraaf 3.1).
De medewerkinlJ van chirurgen uit de verschillende ziekenhuizen en
van de contr6lepersonen uit de algemene bevolking vormde een
belangrijk knelpunt tijdens de uitvoering van het onderzoek. circa
45% van de pati6nten in meewerkende chirurgische maatschappen hebben
aan het onderzoek deelgenomen. Tachtig procent 1n=133) van deze
patidnten en 55% (n=289) van de contr6lepersonen zijn door een
di6tiste ondervraagd over hun levensstijl en voedingsgewoonten.
(Preoperatief) bloed err/of knipsels van teennagels ziln verkregen
van 77e" van de deelnemende patidnten en van 88e" van de contr6le-
personen (paragraaf 3.2.L tot 3.2.3). De voedingsgewoonten en enkele
risicofactoren voor borstkanker bij pati$nten die via de behandelen-
de chirurg voor onderzoek waren aangemeld en voor patidnten die
achteraf via de kankerregistratie waren opgespoord, bleken
vergelijkbaar. Hetzelfde kan worden gezegd voor de vergelijkinq van
deze factoren tussen respondenten (55%) en een deel van de non-
respondenten (17%) in de contr6legroep. Op grond van deze resultaten
is er geen sprake van duidelijke selectie van patidnten en
contr6lepersonen ten aanzien van relevante factoren (zie 3-2-4)-
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In de gegevensanaryse zijn de gemidderde waarden voor inneming van
voedingsstoffen en/of voedingsmiddelen, en voor seleniumconcentra-
ties in biologisch materiaar van pati6nten en contr6les vergeleken.
Hierbij is rekening gehouden met verschillen in reeftijdsopbouw,
energie- of vetinneming. Discrete gegevens anaryse en rogistische
regressie zijn gebruikt om relevante covariabelen te selecteren en
er vervolgens voor te corrigeren. Hieruit zijn schattingen verkregen
van 'odds ratios', hun standaardfouten, en eventueel tests voor
trend. Verder is aandacht besteed aan de inhouderijke achtergronden
van correctie voor energieinneming en het bestuderen van effect-
modificatie in de verzamelde gegevens (zie 3.3).

rn de hoofdstukken 4 tot en met 9 wordt voor elk van de vraagstel-
ringen van het onderzoek de aanreiding, de analyse en de resurtaten
beschreven. De berangrijkste resultaten zr)t in het onderstaande
samengevat:
1) De gemiddelde dagelijkse vetinneming door patiijnten (1OO q) is

aanmerkelijk hoger dan die door contr6les ( 92 Sl . De gecorrigeer_
de odds ratio (OR) voor hoge (> 113 S) versus Iage (< 65 S)vetinneming is OR = 3,54 (95e" betrouwbaarheidsinterval BI = Lt64
- 7 t64l,. Dit verband bfijft bestaan wanneer rekening wordt
gehouden met energieinneming, en kan niet duidelijk worden
toegeschreven aan een bepaald type vetzuren, noch aan een
bepaalde groep voedingsmiddelen (Hoofdstuk 4).

2 ) De voor energie gecorrigeerde innemi-ng van selenium en de plasma-
sereniumconcentratj-e is enigszins rager in de patiiintengroep dan
in de contr6res. Geen verband is waargenomen met de absol-ute
dagelijkse seleniuminneming, noch voor de sereniumconcentratie in
de langere termijn indicatoren van selenium, nagels en rode
bloedcellen (Hoofdstuk 5).

3 ) De dagelijkse consumptie van gefermenteerde merkprodukten
(voornamerijk karnemerk en yoghurt) is lager onder pati-dnten
(116 q) dan onder contr6les (L57 S). Voor een hoog gebruik
(> 225 q) versus geen gebruik van deze produkten is OR = 0,55
(95% BI = 0,24 - 1-,27 ) en er blijkt een statistisch significant
dalende trend te bestaan. Rekening houdend met de totare
vetinneming wordt een vergerijkbaar resurtaat waargenomen voor
gebruik van Goudse kaas (Hoofdstuk 6).

4) Plantaardige produkten lgraanprodukten, groenten inclusief
aardapperen, fruit) worden in mindere mate geconsumeerd door
pati6nten (649 q/dag) dan door contr6tes (695 q/daq1. Dit
verschir is voorar toe te schrijven aan graanprodukten en fruit,
hetgeen mede tot uiting komt in de lagere vezerinneming door
pati6nten, terwijl de beta-caroteeninneming in beide groepen
vergelijkbaar is. voor elk van deze factoren is de odds ratio in
het hoogste kwartier van inneming (ten opzi-chte van het raagste)
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kleiner dan 1,0, terwijl voor graanprodukten een statistisch
significant invers verband wordt waargenomen (Hoofdstuk 7).

5) De gebruikelijke alcoholconsumptie in de jongste leeftijdscatego-
rie (25-44 jaar) is hoger bij patidnten dan bij contr6les, met
betrekking tot zowel de gemiddelde dagelijkse inneming als de
hoeveelheid alcohol per gebruiksmoment. Voor een hoog alcohol-
gebruik (> 30 g/dag/ meer dan dri-e glazen) bedraagt de OR = 2r3
ten opzichte van niet-drinkers, en OR = 8,5 (95e" BI = 1,1 - 65,1)
ten opzichte van matige drinkers (]--4 g/daq\. Deze resultaten
zrln eerder toe te schrijven aan het aantal glazen per keer dan
aan de gebruiksfrequentie. In de oudere leeftijdsklasse (55-64
jaar) wordt geen verband waargenomen tussen alcoholgebruik en
borstkanker, maar in deze groep blijkt de gecorrigeerde odds
ratio voor vrouwen die reeds voor hun 25e levensiaar alcohol
gebruikten 2,4 (95e" BI = 1,0 - 5,6) ten opzichte van vrouwen die
pas later of nooit zljn gaan drinken (Hoofdstuk 8).

6) Om het gezamenlijke effect van een aantal van de bovengenoemde
voedingsfactoren na te gaan zt)n ze ingedeeld op grond van
veronderstelde werkingsmechanismen ten aanzien van borstkanker.
Hierbij is onderscheid gemaakt tussen factoren die de darmflora
kunnen bernvloeden (vet/ vezel, gefermenteerde melkprodukten) en
factoren die in verband staan met de antioxidant-hypothese
(meervoudig onverzadigde vetzuren, selenium, beta-caroteen). De

odds ratio voor borstkanker is bepaald voor vrouwen met gunstige
versus ongunstige voedingsgewoonten betreffende de factoren die
bij deze mechanismen een rol spelen (gunstig: Iaag vet, hoog
vezel. hoog gefermenteerde melkprodukten; Iaag meervoudig onver-
zadigd vet, hoog selenium, hoog beta-caroteen). Dit resulteert in
een odds ratio van 0140 (95% BI = 0r74 - 7,15), hetgeen voorname-
Iijk is toe te schrijven aan een voeding met weinig vet, veel
vezel en veel gefermenteerde melkprodukten (OR = 0,33, 95e" BI =
0,15 - 0,73) (Hoofdstuk 9).

Samenvattend ondersteunen de resultaten de veronderstelde positieve
relatie tussen vetinneming en borstkanker, doch een mogeliik
beschermende werking van selenium kon niet worden bevestigd. In het
algemeen Iijken de resultaten eerder in overeenstemming met een
werkingsmechanisme via bacteridle en immunologische factoren (vezel,
gefermenteerd'e melkprodukten), dan via bescherming door antj--
oxidanten (selenium, beta-caroteen). Dit zou kunnen passen binnen
een ro1 van voeding in de late promotiefase van borstkanker,' de aard
van de verzamelde gegevens Iaat een duidelijke conclusie ten aanzien
van antioxidanten echter niet toe. Voor de resultaten betreffende
alcohol is het nog onvoldoende duidelijk of hier een biologische
interpretatie mogelijk is, of dat de resultaten andere levensstijl-
factoren weerspiegelen.
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rn el-k van de hoofdstukken 4 t/m 9 zr)n, na bespreking van varidi-
tei-t.saspecten, de resurtaten besproken in het licht van de ritera-
tuur over de epidemiologie en werkingsmechanismen betreffende
voeding en borstkanker. rn de argemene discussie (Hoofdstuk 10)
wordt derharve ingegaan op de argemene principes die ten grondslag
liggen aan de mogelijke vertekening van onderzoeksresurtaten door
serectie van personen en verzamering van gegevens. speciare aandacht
i-s besteed aan vertekening in de richting van de nur-hypothese,
werke voortvloeit uit toevarrige meetfouten, gebrekkig inzicht in de
inductie- en latentieperiode, en het ,achtergrondsrisico' voor
borstkanker.
uitgaande van het beschreven patii!nt-cont16re onderzoek worden
mogerijke richtingen voor verder onderzoek aangegeven, met aandacht
voor methodorogische verbeteringen. vervolgens brijken de resurta-
ten, gelegd naast de aanbeveringen ter preventie van kanker, deze te
ondersteunen. Toekomstig onderzoek zal mogerijk kunnen leiden tot
meer gerichte aanbeveringen aan specifieke risicogroepen, met een
betere aansluiting bij de pathofysioloqie van (borst)kanker.
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